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Lecture 1: Petrochemicals: Overview 

1.1 Introduction  

- In this lecture, we present a brief overview of petrochemical technologies and discuss 

upon the general topology of the petrochemical process technologies.  

- Petrochemicals refers to all those compounds that can be derived from the 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 such as methane, 

ethylene and acetylene but not multicomponent products such as naphtha, gas oil etc.  

- 1.1.1 Definition: These are the chemicals that are made from petroleum and natural gas. 

Petroleum and natural gas are made up of hydrocarbon molecules, 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.  

1.1.2 Classification: Petrochemicals can be broadly classified into three categories:-  

a. Light Petrochemicals:  These are mainly used as bottled fuel and raw materials for other 

organic chemicals. The lightest of these -- methane, ethane and ethylene -- are gaseous at 

room temperature. The next lightest fractions comprise petroleum 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. Octane, with eight carbons, is a particularly 

good automobile fuel, and is considered to be of high quality. Kerosene contains 12 to 15 

carbons and is used in aviation fuels, and also as solvents for heating and lighting.  

c. Heavy Petrochemicals: These can be generally categorized as diesel oil, heating oil and 

lubricating oil for engines and machinery. They contain around 15 and 18 carbon atoms 

with boiling points between 570 and 750 degrees Fahrenheit. The heaviest fractions of all 

are called "bitumens" and are used to surface roads or for waterproofing.  
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Bitumens can also be broken down into lighter hydrocarbons using a process called 

"cracking."  

1.2 Process Topology  

- Reactors: Reactors are the most important units in petrochemical processes.  

Petrochemicals are manufactured by following simple reactions using relatively purer feed 

stocks.  Therefore, reaction chemistry for petrochemicals manufacture is very well 

established from significant amount of research in this field.  Essentially all petrochemical 

processes need to heavily depend upon chemical transformation to first product the 

purification.  

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

unreacted feed and generated petrochemical product, the separation processes also play a 

major role in the process flow sheet.  Where multiple series parallel reactions are involved, 

the separation process assumes a distillation sequence to separate all products from the 

feed. A characteristic feed recycle will be also existent in the process topology. Apart from 

this, other separation technologies used in petrochemical processing units include phase 

separators, gravity settling units and absorption columns. Therefore, the underlying 

physical principle behind all these separation technologies is well exploited to achieve the 

desired separation. 

 - Dependence on Reaction pathway: A petrochemical can be produced in several ways 

from the same feed stock.  This is based on the research conducted in the process 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 pathways for 

phenol from benzene i.e., either chlorination of benzene or oxidation of benzene. 

Therefore, choosing the most appropriate technology for production is a trivial task. 

 - Complexity in pathway: In the above Cumene example case, it is interesting to note that 

toluene hydrodealkylation produces benzene which can be used to produce phenol. 

Therefore, fundamentally toluene is required for the generation of various petrochemicals 

such as benzene and phenol.  In other words, there is no hard and fast rule to say that a 

petrochemical is manufactured using a suggested route or a suggested intermediate 

petrochemical.  Intermediate petrochemicals play a greater role in consolidating the 

manufacture of other downstream petrochemicals. 
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Petrochemical plant in the Kingdom of Saudi Arabia 

Petrochemicals (also known as petroleum distillates) are chemical products derived from 

petroleum. Some chemical compounds made from petroleum are also obtained from other 

fossil fuels, such as coal or natural gas, or renewable sources such as corn, palm fruit or 

sugar cane.  

The two most common petrochemical classes are:- 

1- Olefins (including ethylene and propylene) and  

2- Aromatics (including benzene, toluene and xylene isomers).  

Oil refineries produce olefins and aromatics by fluid catalytic cracking of petroleum 

fractions. Chemical plants produce olefins by steam cracking of natural gas liquids like 

ethane and propane. Aromatics are produced by catalytic reforming of naphtha.  

Olefins and aromatics are the building-blocks for a wide range of materials such as 

solvents, detergents, and adhesives. Olefins are the basis for polymers and oligomers used 

in plastics, resins, fibers, elastomers, lubricants, and gels.[1][2]  

Global ethylene and propylene production are about 115 million tonnes and 70 million 

tonnes per annum, respectively. Aromatics production is approximately 70 million tonnes. 

The largest petrochemical industries are located in the USA and Western Europe; however, 

major growth in new production capacity is in the Middle East and Asia. There is 

substantial inter-regional petrochemical trade.  
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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 propylene are 

important sources of industrial chemicals and plastics products. Butadiene is used in 

making synthetic rubber. 

 Aromatics includes Benzene, toluene 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 petroleum refineries. Benzene is a 

raw material for dyes and synthetic detergents, and benzene and toluene for isocyanates 

MDI and TDI used in making polyurethanes. 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 methanol 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. 

 

 

https://en.wikipedia.org/wiki/Chemical_structure
https://en.wikipedia.org/wiki/Chemical_structure
https://en.wikipedia.org/wiki/Alkene
https://en.wikipedia.org/wiki/Ethylene
https://en.wikipedia.org/wiki/Propene
https://en.wikipedia.org/wiki/Butene
https://en.wikipedia.org/wiki/1,3-Butadiene
https://en.wikipedia.org/wiki/Industrial_chemicals
https://en.wikipedia.org/wiki/Plastics
https://en.wikipedia.org/wiki/Product_(business)
https://en.wikipedia.org/wiki/Synthetic_rubber
https://en.wikipedia.org/wiki/Aromatics
https://en.wikipedia.org/wiki/Benzene
https://en.wikipedia.org/wiki/Toluene
https://en.wikipedia.org/wiki/Xylene
https://en.wikipedia.org/wiki/BTX_(chemistry)
https://en.wikipedia.org/wiki/Catalytic_reforming
https://en.wikipedia.org/wiki/Petroleum_naphtha
https://en.wikipedia.org/wiki/Dyes
https://en.wikipedia.org/wiki/Isocyanate
https://en.wikipedia.org/wiki/Methylene_diphenyl_diisocyanate
https://en.wikipedia.org/wiki/Toluene_diisocyanate
https://en.wikipedia.org/wiki/Polyurethanes
https://en.wikipedia.org/wiki/Xylene
https://en.wikipedia.org/wiki/Synthesis_gas
https://en.wikipedia.org/wiki/Mixture
https://en.wikipedia.org/wiki/Carbon_monoxide
https://en.wikipedia.org/wiki/Hydrogen
https://en.wikipedia.org/wiki/Ammonia
https://en.wikipedia.org/wiki/Methanol
https://en.wikipedia.org/wiki/Fertilizer
https://en.wikipedia.org/wiki/Urea
https://en.wikipedia.org/wiki/Chemical
https://en.wikipedia.org/wiki/Steam_crackers
https://en.wikipedia.org/wiki/Steam_reforming
https://en.wikipedia.org/wiki/Steam_reforming
https://en.wikipedia.org/wiki/Hydrogen
https://en.wikipedia.org/wiki/Ammonia_production


Petrochemical Industry-1  

  
 

5 
 

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 schemes. The intermediates may be light hydrocarbon 

compounds such as methane and ethane, or heavier hydrocarbon mixtures such as naphtha 

or 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 possible future 

energy and chemical sources. However, they must undergo lengthy and extensive 

processing before they yield fuels and chemicals similar to those produced from crude oils 

(substitute natural gas (SNG) and synthetic crudes from coal, tar sand and oil shale). 

*ethylene:- 

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

 polyethylene - polymerized ethylene; LDPE, HDPE, LLDPE 

 ethanol - via ethylene hydration (chemical reaction adding water) of ethylene 

 ethylene oxide - via ethylene oxidation  

 ethylene glycol - via ethylene oxide hydration  

 engine coolant - ethylene glycol, water and inhibitor mixture 

 polyesters - any of several polymers with ester linkages in the main chain 

 glycol ethers - via glycol condescension 

 ethoxylates 

 vinyl acetate 

 

Chemicals produced from ethylene 
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*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 acid 

 acrylic polymers 

 allyl chloride - 

 epichlorohydrin - chloro-oxirane; used in epoxy resin formation 

 epoxy resins - a type of polymerizing glue from bisphenol A, 

epichlorohydrin, and some amine 

 

 

Chemicals produced from propylene 
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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 - a type of "double" phenol used in polymerization in epoxy resins and 

making a common type of polycarbonate  

 epoxy resins - a type of polymerizing glue from bisphenol A, epichlorohydrin, 

and some amine 

 polycarbonate - a plastic polymer made from bisphenol A and phosgene 

(carbonyl dichloride) 

 solvents - liquids used for dissolving materials; examples often made from 

petrochemicals include ethanol, isopropyl alcohol, acetone, benzene, toluene, 

xylenes 

 cyclohexane - a 6-carbon aliphatic cyclic hydrocarbon sometimes used as a non-

polar solvent  

 adipic acid - a 6-carbon dicarboxylic acid, which can be a precursor used as 

a co-monomer together with a diamine to form an alternating copolymer 

form of nylon.  

 nylons - types of polyamides, some are alternating copolymers 

formed from copolymerizing dicarboxylic acid or derivatives with 

diamines 

 caprolactam - a 6-carbon cyclic amide  

 nylons - types of polyamides, some are from polymerizing 

caprolactam 

 nitrobenzene - can be made by single nitration of benzene  

 aniline - aminobenzene  

 methylene diphenyl diisocyanate (MDI) - used as a co-monomer 

with diols or polyols to form polyurethanes or with di- or 

polyamines to form polyureas 

 alkylbenzene - a general type of aromatic hydrocarbon, which can be used as a 

presursor for a sulfonate surfactant (detergent)  

 detergents - often include surfactants types such as alkylbenzenesulfonates 

and nonylphenol ethoxylates 

 chlorobenzene 
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Chemicals produced from benzene 

 

 

* Toluene 
toluene - methylbenzene; can be a solvent or precursor for other chemicals  

 benzene 

 toluene diisocyanate (TDI) - used as co-monomers with polyether polyols to form 

polyurethanes or with di- or polyamines to form polyureas polyurethanes 

 benzoic acid - carboxybenzene  

 caprolactam  

 nylon 

 

 

Chemicals produced from toluene 
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*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 form (ortho-)phthalic acid  

 phthalic anhydride 

 para-xylene - both methyl groups can be oxidized to form terephthalic acid  

 dimethyl terephthalate - can be copolymerized to form certain polyesters  

 polyesters - although there can be many types, polyethylene terephthalate is 

made from petrochemical products and is very widely used. 

 purified terephthalic acid - often copolymerized to form polyethylene terephthalate  

 polyesters 

 meta-xylene  

 isophthalic acid  

 alkyd resins 

 Polyamide Resins 

 Unsaturated Polyesters 

 

 

Chemicals produced from xylenes 
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¼®«³ô øí÷ ½±³°®»±®ô øì÷ ´±©ó°®»«®»  ¼®«³ô øë÷  ¬®·°°»®ô øê÷ ½±±´»®ò



±´«¬·±² ø¿¬«®¿¬»¼ ©·¬¸ ¿½·¼ ¹¿»÷ · °«³°»¼ ¬± ¬¸» ®»¹»²»®¿¬±®ò
Ü·¹´§½±´¿³·²» ±´«¬·±² ¿®» ½¸¿®¿½¬»®·¦»¼ ¾§ ´±© º®»»¦·²¹ °±·²¬ô ©¸·½¸
³¿µ» ¬¸»³ «·¬¿¾´» º±® «» ·² ½±´¼ ½´·³¿¬»ò 

Í¬®±²¹ ¾¿·½ ±´«¬·±² ¿®» »ºº»½¬·ª» ±´ª»²¬ º±® ¿½·¼ ¹¿»ò Ø±©»ª»®ô
¬¸»» ±´«¬·±² ¿®» ²±¬ ²±®³¿´´§ «»¼ º±® ¬®»¿¬·²¹ ´¿®¹» ª±´«³» ±º ²¿¬«ó
®¿´ ¹¿ ¾»½¿«» ¬¸» ¿½·¼ ¹¿» º±®³ ¬¿¾´» ¿´¬ô ©¸·½¸ ¿®» ²±¬ »¿·´§
®»¹»²»®¿¬»¼ò Ú±® »¨¿³°´»ô ½¿®¾±² ¼·±¨·¼» ¿²¼ ¸§¼®±¹»² «´º·¼» ®»¿½¬
©·¬¸ ¿¯«»±« ±¼·«³ ¸§¼®±¨·¼» ¬± §·»´¼ ±¼·«³ ½¿®¾±²¿¬» ¿²¼ ±¼·«³
«´º·¼»ô ®»°»½¬·ª»´§ò

ÝÑ õ îÒ¿ÑØ ® Ò¿ ÝÑ õ Ø Ñ

Ø Í õ î Ò¿ÑØ ® Ò¿ Í õ î Ø Ñ

Ø±©»ª»®ô ¿ ¬®±²¹ ½¿«¬·½ ±´«¬·±² · «»¼ ¬± ®»³±ª» ³»®½¿°¬¿² º®±³
¹¿ ¿²¼ ´·¯«·¼ ¬®»¿³ò ×² ¬¸» Ó»®±¨ Ð®±½»ô º±® »¨¿³°´»ô ¿ ½¿«¬·½ ±´ó
ª»²¬ ½±²¬¿·²·²¹ ¿ ½¿¬¿´§¬ «½¸ ¿ ½±¾¿´¬ô ©¸·½¸ · ½¿°¿¾´» ±º ½±²ª»®¬·²¹
³»®½¿°¬¿² øÎÍØ÷ ¬± ½¿«¬·½ ·²±´«¾´» ¼·«´º·¼» øÎÍÍÎ÷ô · «»¼ º±®
¬®»¿³ ®·½¸ ·² ³»®½¿°¬¿² ¿º¬»® ®»³±ª¿´ ±º Ø Íò ß·® · «»¼ ¬± ±¨·¼·¦»
¬¸» ³»®½¿°¬¿² ¬± ¼·«´º·¼»ò Ì¸» ½¿«¬·½ ±´«¬·±² · ¬¸»² ®»½§½´»¼ º±®
®»¹»²»®¿¬·±²ò Ì¸» Ó»®±¨ °®±½» øÚ·¹ò ïóí÷ · ³¿·²´§ «»¼ º±® ¬®»¿¬³»²¬
±º ®»º·²»®§ ¹¿ ¬®»¿³ò

Ð®·³¿®§ Î¿© Ó¿¬»®·¿ ´  º±® Ð» ¬®±½¸»³·½¿ ´ ë

Ú·¹«®»  ïóîò Ì¸» Û½±²¿³·²»  °®±½» æ øï÷ ¿¾±®°¬·±² ¬±©»®ô øî÷ ®»¹»²»®¿ ó
¬·±² ¬±©»®ò



É¿¬»® Î»³±ª¿´

Ó±·¬«®» ³«¬ ¾» ®»³±ª»¼ º®±³ ²¿¬«®¿´ ¹¿ ¬± ®»¼«½» ½±®®±·±² °®±¾ó
´»³ ¿²¼ ¬± °®»ª»²¬ ¸§¼®¿¬» º±®³¿¬·±²ò Ø§¼®¿¬» ¿®» ±´·¼ ©¸·¬» ½±³ó
°±«²¼ º±®³»¼ º®±³ ¿ °¸§·½¿´ó½¸»³·½¿´ ®»¿½¬·±² ¾»¬©»»² ¸§¼®±½¿®¾±²
¿²¼ ©¿¬»® «²¼»® ¬¸» ¸·¹¸ °®»«®» ¿²¼ ´±© ¬»³°»®¿¬«®» «»¼ ¬± ¬®¿²ó
°±®¬ ²¿¬«®¿´ ¹¿ ª·¿ °·°»´·²»ò Ø§¼®¿¬» ®»¼«½» °·°»´·²» »ºº·½·»²½§ò

Ì± °®»ª»²¬ ¸§¼®¿¬» º±®³¿¬·±²ô ²¿¬«®¿´ ¹¿ ³¿§ ¾» ¬®»¿¬»¼ ©·¬¸ ¹´§½±´ô
©¸·½¸ ¼·±´ª» ©¿¬»® »ºº·½·»²¬´§ò Û¬¸§´»²» ¹´§½±´ øÛÙ÷ô ¼·»¬¸§´»²» ¹´§½±´
øÜÛÙ÷ô ¿²¼ ¬®·»¬¸§´»²» ¹´§½±´ øÌÛÙ÷ ¿®» ¬§°·½¿´ ±´ª»²¬ º±® ©¿¬»®
®»³±ª¿´ò Ì®·»¬¸§´»²» ¹´§½±´ · °®»º»®¿¾´» ·² ª¿°±® °¸¿» °®±½»»
¾»½¿«» ±º ·¬ ´±© ª¿°±® °®»«®»ô ©¸·½¸ ®»«´¬ ·² ´» ¹´§½±´ ´±ò Ì¸»
ÌÛÙ ¿¾±®¾»® ²±®³¿´´§ ½±²¬¿·² ê ¬± ïî ¾«¾¾´»ó½¿° ¬®¿§ ¬± ¿½½±³°´·¸
¬¸» ©¿¬»® ¿¾±®°¬·±²ò Ø±©»ª»®ô ³±®» ½±²¬¿½¬ ¬¿¹» ³¿§ ¾» ®»¯«·®»¼ ¬±
®»¿½¸ ¼»© °±·²¬ ¾»´±© Pìð�Úò Ý¿´½«´¿¬·±² ¬± ¼»¬»®³·²» ¬¸» ²«³¾»® ±º
¬®¿§ ±® º»»¬ ±º °¿½µ·²¹ô ¬¸» ®»¯«·®»¼ ¹´§½±´ ½±²½»²¬®¿¬·±²ô ±® ¬¸» ¹´§½±´
½·®½«´¿¬·±² ®¿¬» ®»¯«·®» ª¿°±®ó´·¯«·¼ »¯«·´·¾®·«³ ¼¿¬¿ò Ð®»¼·½¬·²¹ ¬¸» ·²¬»®ó
¿½¬·±² ¾»¬©»»² ÌÛÙ ¿²¼ ©¿¬»® ª¿°±® ·² ²¿¬«®¿´ ¹¿ ±ª»® ¿ ¾®±¿¼ ®¿²¹»
¿´´±© ¬¸» ¼»·¹² º±® «´¬®¿ó´±© ¼»© °±·²¬ ¿°°´·½¿¬·±² ¬± ¾» ³¿¼»ò

ß ½±³°«¬»® °®±¹®¿³ ©¿ ¼»ª»´±°»¼ ¾§ Ù®¿²¼¸·¼¿² »¬ ¿´òô ¬± »¬·³¿¬»
¬¸» ²«³¾»® ±º ¬®¿§ ¿²¼ ¬¸» ½·®½«´¿¬·±² ®¿¬» ±º ´»¿² ÌÛÙ ²»»¼»¼ ¬± ¼®§ ²¿¬ó
«¿´ ¹¿ò ×¬ ©¿ º±«²¼ ¬¸¿¬ ³±®» ¿½½«®¿¬» °®»¼·½¬·±² ±º ¬¸» ®¿¬» ½±«´¼ ¾»
¿½¸·»ª»¼ «·²¹ ¬¸· °®±¹®¿³ ¬¸¿² «·²¹ ¸¿²¼ ½¿´½«´¿¬·±²ò

Ú·¹«®» ïóì ¸±© ¬¸» Ü»¸§¼®¿¬» °®±½» ©¸»®» ÛÙô ÜÛÙô ±® ÌÛÙ
½±«´¼ ¾» «»¼ ¿ ¿² ¿¾±®¾»²¬ò Ñ²» ¿´¬»®²¿¬·ª» ¬± «·²¹ ¾«¾¾´»ó½¿° ¬®¿§

ê Ý¸»³· ¬®§ ±º Ð» ¬®±½¸»³·½¿  ́Ð®±½»»

Ú·¹«®»  ïóíò Ì¸» Ó»®±¨ °®±½» æ øï÷ »¨¬®¿½¬±®ô øî÷ ±¨·¼¿ ¬·±² ®»¿½¬±®ò



· ¬®«½¬«®¿´ °¿½µ·²¹ô ©¸·½¸ ·³°®±ª» ½±²¬®±´ ±º ³¿ ¬®¿²º»®ò Ú´±© °¿ó
¿¹» ¼·®»½¬ ¬¸» ¹¿ ¿²¼ ´·¯«·¼ º´±© ½±«²¬»®½«®®»²¬ ¬± »¿½¸ ±¬¸»®ò Ì¸» «»
±º ¬®«½¬«®¿´ °¿½µ·²¹ ·² ÌÛÙ ±°»®¿¬·±² ¸¿ ¾»»² ®»ª·»©»¼ ¾§ Õ»¿² »¬ ¿´ò

ß²±¬¸»® ©¿§ ¬± ¼»¸§¼®¿¬» ²¿¬«®¿´ ¹¿ · ¾§ ·²¶»½¬·²¹ ³»¬¸¿²±´ ·²¬± ¹¿
´·²» ¬± ´±©»® ¬¸» ¸§¼®¿¬»óº±®³¿¬·±² ¬»³°»®¿¬«®» ¾»´±© ¿³¾·»²¬ò É¿¬»®
½¿² ¿´± ¾» ®»¼«½»¼ ±® ®»³±ª»¼ º®±³ ²¿¬«®¿´ ¹¿ ¾§ «·²¹ ±´·¼ ¿¼±®ó
¾»²¬ «½¸ ¿ ³±´»½«´¿® ·»ª» ±® ·´·½¿ ¹»´ò

Ý±²¼»²¿¾´» Ø§¼®±½¿®¾±² Î»½±ª»®§

Ø§¼®±½¿®¾±² ¸»¿ª·»® ¬¸¿² ³»¬¸¿²» ¬¸¿¬ ¿®» °®»»²¬ ·² ²¿¬«®¿´ ¹¿»
¿®» ª¿´«¿¾´» ®¿© ³¿¬»®·¿´ ¿²¼ ·³°±®¬¿²¬ º«»´ò Ì¸»§ ½¿² ¾» ®»½±ª»®»¼ ¾§
´»¿² ±·´ »¨¬®¿½¬·±²ò Ì¸» º·®¬ ¬»° ·² ¬¸· ½¸»³» · ¬± ½±±´ ¬¸» ¬®»¿¬»¼ ¹¿
¾§ »¨½¸¿²¹» ©·¬¸ ´·¯«·¼ °®±°¿²»ò Ì¸» ½±±´»¼ ¹¿ · ¬¸»² ©¿¸»¼ ©·¬¸ ¿
½±´¼ ¸§¼®±½¿®¾±² ´·¯«·¼ô ©¸·½¸ ¼·±´ª» ³±¬ ±º ¬¸» ½±²¼»²¿¾´» ¸§¼®±ó
½¿®¾±²ò Ì¸» «²½±²¼»²»¼ ¹¿ · ¼®§ ²¿¬«®¿´ ¹¿ ¿²¼ · ½±³°±»¼ ³¿·²´§
±º ³»¬¸¿²» ©·¬¸ ³¿´´ ¿³±«²¬ ±º »¬¸¿²» ¿²¼ ¸»¿ª·»® ¸§¼®±½¿®¾±²ò Ì¸»
½±²¼»²»¼ ¸§¼®±½¿®¾±² ±® ²¿¬«®¿´ ¹¿ ´·¯«·¼ øÒÙÔ÷ ¿®» ¬®·°°»¼ º®±³
¬¸» ®·½¸ ±´ª»²¬ô ©¸·½¸ · ®»½§½´»¼ò Ì¿¾´» ïóî ½±³°¿®» ¬¸» ¿²¿´§· ±º
²¿¬«®¿´ ¹¿ ¾»º±®» ¿²¼ ¿º¬»® ¬®»¿¬³»²¬ò Ü®§ ²¿¬«®¿´ ¹¿ ³¿§ ¬¸»² ¾»
«»¼ »·¬¸»® ¿ ¿ º«»´ ±® ¿ ¿ ½¸»³·½¿´ º»»¼¬±½µò

ß²±¬¸»® ©¿§ ¬± ®»½±ª»® ÒÙÔ · ¬¸®±«¹¸ ½®§±¹»²·½ ½±±´·²¹ ¬± ª»®§ ´±©
¬»³°»®¿¬«®» øPïëð ¬± Pïèð�Ú÷ô ©¸·½¸ ¿®» ¿½¸·»ª»¼ °®·³¿®·´§ ¬¸®±«¹¸

Ð®·³¿®§ Î¿© Ó¿¬»®·¿ ´  º±® Ð» ¬®±½¸»³·½¿ ´ é

Ú·¹«®»  ïóìò Ú´±© ¼·¿¹®¿³ ±º ¬¸»  Ü»¸§¼®¿ ¬»  °®±½» æ øï÷ ¿¾±®°¬·±² ½±´«³²ô 
øî÷ ¹´§½±  ́ ·́ ố øí÷ ª¿½««³ ¼®«³ò
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Synthetic gas(syn gas): H2+CO 

Importance: 

1-Raw material and basic for production of a lot of  

    Materials such as methanol. 

2-Used in process where H2 is required. 

Syn gas production: 

1940:from coal  C     +   H2O   CO+H2 

                          Coke    steam        

Now: from petroleum fraction or natural gas 

HCs feed:1-NG    2-Pet.fraction 

Syn.gas:CO+H2  IF H2 is required only CO CO2 

Source of H2: 

1-Cata.reforming 80-85% 

2-Cata. Cracking 60-80% 

3-Dehydrogentation 90% 

4-Electrolysis of water high purity 1m3 required 4940 Kw of electricity. 
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   Hydrogen production from HCs feed 

 
Hydrogen by steam reforming 
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Application: Production of hydrogen (H

steam reforming. 

Feed stocks: Ranging from natural gas to heavy naphtha as well a

refinery off gases. Many recent refinery hydrogen p

flexibility, either in terms of backup or alternati

feedstock change-over has also successfully been applied by Technip 

modern plants with multiple feed stock flexibility.

Description: The generic flow sheet consists of feed pre

(optional), steam-HC reforming, shift conversion and

pressure swing adsorption (PSA). However, it is oft

requirements. Feed pre

andother catalyst poisons after preheating to 350 

mixed with process steam is reformed in a fi

reformer upstream, if used) after necessary super

Production of hydrogen (H2) from hydrocarbon (HC) feed stocks by 

Ranging from natural gas to heavy naphtha as well a

refinery off gases. Many recent refinery hydrogen plants have multiple feedstock 

flexibility, either in terms of backup or alternative or mixed feed. Automatic 

over has also successfully been applied by Technip 

modern plants with multiple feed stock flexibility. 

The generic flow sheet consists of feed pre-treatment, pre reforming

HC reforming, shift conversion and hydrogen purification by 

pressure swing adsorption (PSA). However, it is often tailored to satisfy specific 

requirements. Feed pre-treatment normally involves removal of sulfur, chlo

andother catalyst poisons after preheating to 350 – 400°C. The treat

ocess steam is reformed in a fired reformer (with adiabatic pre

reformer upstream, if used) after necessary super-heating. The net reforming 

  
  

 

) from hydrocarbon (HC) feed stocks by 

Ranging from natural gas to heavy naphtha as well as potential 

lants have multiple feedstock 

ve or mixed feed. Automatic 

over has also successfully been applied by Technip in several 

treatment, pre reforming 

hydrogen purification by 

en tailored to satisfy specific 

treatment normally involves removal of sulfur, chlorine 

400°C. The treated feed gas 

red reformer (with adiabatic pre-

heating. The net reforming 
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reactions are strongly endothermic. Heat is supplied by combusting PSA purge 

gas, supplemented by makeup fuel in multiple burners in a top-fired furnace. 

Reforming severity is optimized for each specific case. Waste heat from reformed 

gas is recovered through steam generation before the water-gas shift conversion. 

Most of the carbon monoxide (CO) is further converted to hydrogen. Process 

condensate resulting from heat recovery and cooling is separated and generally 

reused in the steam system after necessary treatment. The entire steam generation 

is usually on natural circulation, which adds to higher reliability. The gas flows to 

the PSA unit that provides high-purity hydrogen product (up to < 1 ppm CO) at 

neart inlet pressures. Typical specific energy consumption based on feed + fuel – 

export steam ranges between 3 Gcal/KNm3 and 3.5 Gcal/KNm3 (330 – 370 Btu/ 

scf) LHV, depending upon the feedstock, plant capacity, optimization criteria and 

steam export requirements. Recent advances include integration of hydrogen 

recovery and generation and recuperative (post-) reforming, also for capacity 

retrofits. 

Commercial plants: Technip has been involved in over 240 hydrogen 

plants worldwide. 

Reactions: 

1-CH4+H2O CO+3H2 

2-CO+H2O CO2+H2        Shift reaction. 

3-CO+3H2 CH4+H2O       Methanation. 

Operating conditions: 

T=800-900
O
C       P=25-30 atm.    Cata.=Ni(SRF) 

H2O/C high ratio  
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Partial oxidation 

Partial oxidation (POX) is a type of chemical reaction. It occurs when 

a substoichiometric fuel-air mixture is partially combusted in a reformer, creating a 

hydrogen-rich syngas which can then be put to further use, for example in a fuel 

cell.  

 

 

lenovo
Highlight



  
  

1-Flexibility of use of HCs fuel,pet.fraction,crude oil with high sulfer    content and 

residue. 

2-It is used when NG or light fractions is not aviliable or when its prices are high. 

3- Dose need catalyst. 

4-Need of oxygen unit to produce oxygen. 

Reactions: 

CH4+O2 CO2+H2O 

CH4+CO2 2CO+2H2 

CH4+H2O CO+3H2 

Basic steps: 

1-Gasification:  

a- process occur in reactor lined with fire bricks without cata. 

b-reaction occur between primary heated feed with oxygen,steam and it is supplied 

through burners. 

c-T=1300-1500
o
C         P=Higher than 10 atm.(40-90 atm.) 

2-Cooling:Two types according to companies: 

    a-Quench system:Texco process . 

    b- W.H.B.:Shell process. 

 Removal of soot. 4-Conversion of CO to CO2 5-Removal of CO2,H2S. 

Removal of inert gases like Ar,CO. 

Compression of resultant gases(H2) or mixture(CO,H2) 
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 Chloromethane  

Chloromethane namely methyl chloride (CH3Cl), methylene chloride (CH2Cl2), 

Chloroform (CHCl3) and Carbon Tetrachloride (CCl4) are produced by direct chlorination 

of Cl2 in a gas phase reaction without any catalyst.  

 Reactions  

CH4 +  Cl2 →  CH3Cl +  HCl  

                               CH3Cl +  Cl2 →   CH2Cl2 +  HCl  

                                                           CH2Cl2 +  Cl2 →   CHCl3 +  HCl                                        

                                                                                                      CHCl3 +  𝐶𝑙2 →  CCl4 +  HCl                        

                                  

 The reactions are very exothermic.  

 The feed molar ratio affects the product distribution.  When CH4/Cl2 is about 1.8, 

then more CH3Cl is produced.  On the other hand, when CH4 is chosen as a limiting 

reactant, more of CCl4 is produced. Therefore, depending upon the product 

demand, the feed ratio is adjusted.  

Process Technology  

 Methane and Cl2 are mixed and sent to a reactor  

 The reactor has a jacket or shell and tube system to accommodate feed p reheating 

to desired furnace inlet temperature (about 280 – 300 oC).  

 To control temperature, N2 is used as a diluent at times.  

 Depending on the product distribution desired, the CH4/Cl2 ratio is chosen. 

 Eventually, the mixture enters an absorber where water is used as an absorbent and 

water absorbs the HCl to produce 32 % HCl.  

 The trace amounts of HCl in the vapour phase are removed in a neutralizer fed with 

NaOH  
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 The gas eventually is compressed and sent to a partial condenser followed with a 

phase separator.  The phase separator produces two streams namely a liquid stream 

consisting of the chlorides and the unreacted CH4/N2. 

 The gaseous product enters a dryer to remove H2O from the vapour stream using 

98% H2SO4 as the absorbent for water from the vapour.  

 The chloromethanes enter a distillation sequence.  The distillation sequence 

consists of columns that sequentially separate CH3Cl, CH2Cl2, CHCl3 and CCl4. 

 

 

 Flow sheet of Chloromethane production 

 

 

 

 

Uses of Chloromethane :
1- The major use of methyl chloride is to produce silicon polymers.
2-Other uses include the synthesis of tetramethyl lead as a gasoline octane
booster, a methylating agent in methyl cellulose production, a solvent,
and a refrigerant.
3-Methylene chloride has a wide variety of markets. One major use is a
paint remover. 
4- It is also used as a degreasing solvent, a blowing agent for
polyurethane foams, and a solvent for cellulose acetate.
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Discussion  

1. Why compressor is used before partial condenser?  

Ans: The compressor increases the pressure of the system which is beneficial 

to increase the boiling points of the mixtures. Note that the boiling points of 

chloromethanes are -97.7, -97.6, -63.5 and -22.6 oC for CH3Cl, CH2Cl2, 

CHCl3 and CCl4 respectively.  On the other hand, the boiling point is -161.6 

oC.  For these boiling point mixtures, when the system pressure is increased 

substantially, the boiling points of the compounds increase and could reach 

close to those of the cooling water (20 – 30 oC).  Cooling water is required in 

the partial condenser and if it is not used, a refrigerant needs to be used which 

requires an additional refrigeration plant. Therefore, the system pressure is 

increased.  

2. Why water is removed using the dryer?  

Ans: Water enters the vapour system due in the absorption column where 

solvent loss to the vapour will be a common feature. Water molecule can react 

with the highly active intermediate chloromethanes to form oxychlorides, 

which are highly undesired.  

3. Will there be any difficulty in separation by increasing boiling points of 

the chloromethane in the distillation sequences?  

Ans: Definitely yes.  This is because the relative volatility of compounds 

atleast slightly increases with reducing pressure and viceversa.  But due to 

cooling water criteria in the distillation sequences also, there is no other way 

economical than doing distillation at higher pressure.  
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4. Since the boiling point of CH3Cl and CH2Cl2 are very close, what do you 

expect for the production of CH3Cl from the first column?  

Ans: It is indeed difficult to separate CH3Cl and CH2Cl2 and therefore, good 

number of separation trays be used.  Or structured packing be used to reduce 

the height of the first column.  

5. When the reactions are highly exothermic, why is the feed pre-heated?  

Ans: Irrespective of the reactions being exothermic or endothermic, the 

reaction rate always increases with temperature for non-equilibrium reactions.  

Therefore, feed is pre-heated to the desired temperature so as to fastly convert 

the reactants to products.  
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 Ethylene  derivatives   

Vinyl Chloride from Ethylene. 

 

Introduction  

 In this lecture we study the process technology involved in the production of Vinyl 

Chloride from Ethylene  

 Vinyl chloride is produced in a two steps process from ethylene  

 Ethylene first reacts with Chlorine to produce Ethylene dichloride  

 The purified Ethylene dichloride undergoes selective cracking to form vinyl 

chloride  

 We first present the process technology associated to Ethylene Chloride  

 

5.1 Ethylene dichloride  

5.1.1 Reactions  

 𝐂𝟐𝐇𝟒 +  𝐂𝐥𝟐 →   𝐂𝟐𝐇𝟒𝐂𝐥𝟐                           

 Undesired products: Propylene dichloride and Polychloroethanes  

 Reaction occurs in a liquid phase reactor with ethylene dichloride serving as the 

liquid medium and reactants reacting the liquid phase  

 Catalyst is FeCl3 or Ethylene dibromide  
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5.1.2 Process Technology (Figure 5.1)  

Figure 5.1 Flow sheet of production of ethylene dichloride 

 C2H4 and Cl2 are mixed and sent to the liquid phase reactor.  

 Here, the feed mixture bubbles through the ethylene dichloride product medium 

Reactor operating conditions are 50 oC and 1.5 – 2 atms.  

 The reaction is exothermic. Therefore, energy is removed using either cooling jacket 

or external heat exchanger  

 To facilitate better conversion, circulating reactor designs are used.   

 FeCl3 traces are also added to serve as catalyst  

 The vapour products are cooled to produce two products namely a vapour product and 

a liquid product. The liquid product is partially recycled back to the reactor to maintain 

the liquid medium concentration.  

 The vapour product is sent to a refrigeration unit for further cooling which will 

further extract ethylene dichloride to liquid phase and makes the vapour phase bereft 

of the product.  
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 The liquid product is crude ethylene dichloride with traces of HCl. Therefore, acid 

wash is carried out first with dilute NaOH to obtain crude ethylene dichloride. A 

settling tank is allowed to separate the spent NaOH solution and crude C2H4Cl2 (as 

well liquid).  

 The crude ethylene dichloride eventually enters a distillation column that separates the 

ethylene dichloride from the other heavy end products.  

 The vapour phase stream is sent to a dilute NaOH solution to remove HCl and produce 

the spent NaOH solution.  The off gases consist of H2, CH4, C2H4 and C2H6.  

 Discussion   

1. Provide an insight into the liquid phase guided gas phase reaction?  

Ans: The liquid phase acts as a resistance phase for the movement of various gases.  

The recirculator enables greater turbulence of the liquid phase stream.  Thereby, using 

these mechanisms, the gases are allowed to react with one another and produce 

ethylene dichloride which gets dissolved in the liquid.  

2. Why a water condenser followed by refrigeration is used when the single 

refrigeration can serve the purpose of cooling?  

Ans: This is an important question.  Allowing only refrigeration enhances process 

costs drastically. Therefore, water is used to carry out partial condensation and then 

refrigeration, even though in principle, water condensation can be bypassed and 

reactor operation and stream contacting can be further optimized.  

3. Why do we need a settling tank after the acid wash unit associated to the crude 

ethylene dichloride?  

Ans: Typically, we observe HCL removal from vapour streams.  In such case, the unit 

used is a scrubber or absorber.  The gas/vapour is fed to the absorption column and is 

obtained as a gas. When a liquid is allowed for scrubbing, it is possible to obtain 

emulsions of the organic phase in the aqueous phase. Therefore, provide gravity 

settling mechanism should exist so as to separate the crude ethylene dichloride from 

the mixture emanating from the acid wash tank.  
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5.2 Vinyl chloride production  

5.2.1 Reaction  

 C2H4Cl2 →   CH2CHCl +  HCl   

 Charcoal is used as the catalyst   

 The reaction is a reversible gas phase reaction  

5.2.2 Process Technology (Figure 5.2)  

Figure 5.2 Flow sheet of production of vinyl chloride 

 

 Ethylene dichloride is initially vaporized using a heat exchanger fed with process 

steam - Ethylene vapors then enter a dryer that removes traces of water molecules  
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 After drying, the vapors enter a pyrolysis furnace operated at 4 atm and 500 oC.  The 

furnace is similar to a shell and tube arrangement with the gases entering the tube side 

and hot flue gas goes past the tubes in the shell side.    

 The product vapors eventually enter a quenching tower in which cold ethylene 

dichloride is used to quench the product gases and cool them.  

 The gases from the quench tower then enter a partial condenser which produces HCl 

as a gas and the liquid stream consisting of vinyl chloride, unreacted ethylene 

dichloride and polychlorides.  

 The liquid stream from the quench tower as well as the condenser is fed to the vinyl 

still which produces the vinyl chloride product. The product is stabilized using a 

stabilizer as vinyl chloride is highly reactive without stabilizer.  

 The bottom product from the vinyl still is fed to a distillation column which separates 

the ethylene dichloride from the polychlorides.  The ethylene dichloride vapors are 

recycled back to the cracking furnace and the ethylene dichloride liquid is sent to the 

quenching tower to serve as the quenching liquid.  

Discussion  

1. Why ethylene dichloride is dried before entering the cracking furnace?  

Ans: To avoid the formation of other compounds during cracking.  Vinyl chloride 

cracking is a very selective cracking that we wish to happen. The selective cracking 

needs very clean feed stock.  

2. Why quenching is carried out?  

Ans: The selective cracking reaction is a reversible reaction.  Therefore, by doing cold 

ethylene dichloride quenching, we are suppressing the backward reaction and ensuring 

that only vinyl chloride gets formed in good quantities.    

3. Can heat integration be carried out in the process?  

Ans: IN principle it can be done but in reality no. The reason is that if quenching is not 

done immediately, then vinyl chloride can get converted back to the ethylene 
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dichloride. Therefore, though there is a hot stream available, heat integration cannot 

be done due to prevalent process conditions.  

4. Can a partial condenser be used in the last distillation column to serve for both 

quenching, distillation reflux and produce vapour for the ethylene dichloride?  

Ans: Yes, this arrangement will be excellent as all requirements in the process will be 

met by going for a partial condenser.  But it all depends on the quenching tower 

requirements and hence if ethylene dichloride needs to be cooled more than its boiling 

point, then partial condenser will not serve the purpose.  

5. What is the effect of pressure on quenching? This question is interesting as the 

reaction occurs at 4 atm and quenching occurs at higher pressure?  

       Ans: Quenching is an operation used for minimizing temperature. As such it’s not 

absorption where pressure plays an important role. As such, the effect of pressure will 

not be significant in the quenching operation.  
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Ethylene  derivatives  

Ethylene oxide and Ethanol amines 

6.1 Ethylene Oxide  

6.1.1 Introduction  

 In this lecture, we discuss upon the process technology for ethylene oxide and 

ethanol amines.  

 Ethylene oxide is produced by the oxidation of ethylene using air  

 Ethanol amines are produced using the series reaction scheme of ethylene oxide 

with ammonia.  

 Ethanol amines are significantly used as absorbents to remove CO2 and H2S from 

process gas streams.  

6.1.2 Ethylene Oxide  

6.1.2.1 Reactions  

 C2H4 +   O2 →  CH2O. CH2O                                

 Ethylene to air ratio: 3 – 10 %  

 Side reaction products: CO2, H2O  

 Catalyst: Silver oxide on alumina  

 Operating temperature and pressure: 250 – 300 oC and 120 – 300 psi  

 Supressing agent for side reactions: Ethylene dichloride  

 Reaction is exothermic  
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6.1.2.2 Process technology (Figure 6.1.1) 

Figure 6.1.1 Flow sheet of production of ethylene oxide 

 Air and ethylene are separate compressed and along with recycle stream are sent to 

the shell and tube reactor   

 The reactor is fed on the shell side with Dowtherm fluid that serves to maintain the 

reaction temperature. A dowtherm fluid is a heat transfer fluid, which is a mixture of 

two very stable compounds, biphenyl and diphenyl oxide. The fluid is dyed clear to 

light yellow to aid in leak detection.  

 - The hot dowtherm fluid from the reactor is sent to a waste heat recovery boiler to 

generate steam  

 - The vapour stream is cooled using a integrated heat exchanger using the unreacted 

vapour stream generated from an absorber.  

 - The vapour stream is then sent to the heat integrated exchanger and is then sent 

back to the reactor and a fraction of that is purged to eliminate the accumulation of 

inerts such as Nitrogen and Argon.  
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 - The product vapors are compressed and sent to a water absorber which absorbs 

ethylene oxide from the feed vapors.  Eventually, the ethylene oxide rich water 

stream is sent to a stripper which desorbs the ethylene oxide + water as vapour and 

generates the regenerated water as bottom product. The regenerated water reaches   

the absorber through a heat integrated exchanger.  

 - The ethylene oxide + water vapour mixture is compressed (to about 4 - 5 atms) and 

then sent to a stripper to generate light ends + H2O as a top product and the bottom 

product is then sent to another fractionators to produce ethylene oxide as top product. 

The heavy ends are obtained as bottom product.  

 Discussion  

1. What is Dowtherm?  

Ans: Dowtherm is an organic liquid that can attain to temperatures up to 300 oC. These 

are special fluids used instead of steam/water.  In this example, the operating 

temperature is about 250 - 300 oC and therefore usage of Dowtherm fluid is perfect.  

2. In what way compression is beneficial to the absorption?  

    Ans: It is a known fact that absorption is most favored at low temperature and high 

pressure. Therefore, compression of the cooled product gases will be very beneficial to 

maximize the dissolution of ethylene oxide in the water.  Of course, along with ethylene 

oxide other light ends and heavy ends also dissolve in water and we have no control 

over that.  

3. Why again another compressor is used before the stripper?  

     Ans.: The second compressor aids to enhance the boiling points of the mixtures.  There 

by, water can be used as a cooling fluid in the distillation columns, as the boiling point 

of the products is enhanced by compression. In this regard, it should be noted that 

ethylene oxide has a boiling point of 10.7 oC which can be drastically enhanced by 

compression to 4 – 5 atms. 
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4. Why ethylene and air are separately compressed?  

    Ans.: This is due to the danger of generating an explosive mixture during compression 

step of the mixture.  

5. What process modifications are possible for the flow sheet?  

 Using a fluidized bed instead of packed bed reactor  

 Using oxygen instead of air  

6. Discuss the energy integration capacity of the process?  

    Ans.: In this process, the heat integration drastically reduced process steam 

requirements. Steam is only required in the strippers and fractionators.  This steam can 

be generated using waste heat recovery units using dowtherm fluid as the hot fluid to 

generate the steam.  Thus in this process, it is observed that for 1 ton of ethylene oxide 

produced, only 0.1 ton of steam is required.  This is all possible due to significant heat 

integration in the process.  

 

 

 

 

 

 

 

 

 

 



 

5 
 

** 6.2 Ethanol amines** 

6.2.1   Reactions  

                                                                              

 The above reactions are series reaction scheme  

 Reaction is exothermic  

 Ammonia is in aqueous phase and ethylene oxide is in vapour state. Therefore, the 

reaction will be gas-liquid reaction  

 Ethylene oxide is the limiting reactant. 

 

6.2.2 Process technology (Figure 6.2) 

Figure 6.2 Flow sheet of production of ethanol amines 
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 Ammonia is mixed with ammonia recycle stream from the process and pumped to the 

CSTR where liquid phase ammonolysis takes place. 

 Ethylene oxide is compressed and fed to the CSTR.  

 The CSTR operating pressure will be such that the feed (and product) mixtures do not 

vaporize and good liquid phase reaction can occur.  

 The reactor is cooled using water in the cooling jacket as the reactions are mildly 

exothermic  

 The product stream is then sent to a flash unit that separates NH3 + H2O as a vapour 

stream and water + ethanol amines as a liquid stream.  

 The ammonia + water stream is recycled to mix with the fresh ammonia and enter the 

reactor.  

 The bottom product from ammonia flash unit is sent to a water separation tower that 

again removes dissolved ammonia in the ethanolamine rich solution.  Once again 

ammonia + water are generated and this stream is also recycled to mix with fresh 

ammonia feed.  

 The bottom product consisting of crude mixture of ethanol amines and heavy ends.  

 This mixture is fed to a mono ethanol amine tower first to separate the mono ethanol 

amine from the other two and heavy ends  

 The bottom product from the first distillation tower then enters the second and third 

distillation towers which are operated under vacuum to produce di ethanol amine and 

tri ethanol amine as top products.  The bottom product from the last distillation tower 

is the heavy ends product.  

 Discussion  

1. In what way operating the CSTR In liquid phase is beneficial?  

Ans.: Liquids have higher mass transfer coefficients than solids.  Therefore, if the 

reaction needs be facilitated with two components, if they are in liquid phases, then 

reactions could be faster. Therefore, pressure can play an important role in both altering 

the selectivity as well as conversion of the series reactions scheme.  
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2. Why ammonia + water needs to be separated from the second tower i.e., water 

separation tower?  

Ans.: Ammonia dissolves instantaneously in water to form ammonia solution.  This 

chemical affinity of ammonia is very difficult to get it through.  On the other hand, 

despite using flash unit, some ammonia will remain the water consisting of ethanol 

amines and heavy ends. Therefore, the second water separation tower is required to 

remove once again ammonia + water from the solution.  

3. Why vacuum is used in the second and third distillation towers?  

Ans.: The di ethanol and tri ethanol amines dissociate at high operating temperatures.  

Therefore, vacuum is used to reduce the operating temperature of the distillation 

columns (second and third).  

4. What process modifications you can suggest for better operation?  

Ans.: When higher quantities of di or tri ethanol amine is desired, then the mono ethanol 

amine can be sent to another reactor in which ethylene oxide is added.  It’s not advisable 

to recycle it the CSTR shown in the process flow sheet as it can form amino-ethers but 

not di ethanolamine.  

5. Can solvents (extraction) be used instead of vacuum distillation for the separation 

of di and tri ethanol amines?  

Ans.: No, this is due to the reason that solvents tend to have similar solubility factors 

for both di and tri ethanol amines.  
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 Propylene derivatives 

Isopropanol and Acetone from Propylene 

 

Introduction  

 In this lecture we study the process technology associated to the manufacture 

of isopropanol and acetone.  

 Isoprpanol is manufactured from hydration of propylene  

 Acetone is produced using the dehydrogenation route of isopropanol  

 We first present the isopropanol process technology  

 

 

7.1 Isopropanol manufacture  

 

7.1.1 Reaction                       

 Sulfation: 𝐶𝐻3𝐶𝐻𝐶𝐻2  + 𝐻2𝑆𝑂4  → (𝐶𝐻3)2 CH(𝑂𝑆𝑂3H)Isopropyl acid sulphate) 

  Hydrolysis: Isopropyl sulphate +  𝐻2O →   Isopropanol +  Sulfuric acid                 

                                                               Thus sulphuric acid is regenerated in the process  

 Side reaction: Diisopropyl sulphate +  𝐻2O → Diisopropyl ether +  Sulfuric acid 

 Therefore, the primary reaction is a gas liquid reaction in which propylene is 

absorbed into a tray tower fed with sulphuric acid.  

 Operating conditions: Room temperature but 20 – 25 atms pressure  

 Reaction is highly exothermic  
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7.1.2 Process technology (Figure 7.1)  

 

Figure 7.1 Flow sheet of Isopropanol manufacture 

 

 

 Either pure propylene or a mixture of Propylene and other C2, C3 components can be 

fed to a reactor.  

 The hydrocarbon feed is compressed and fed to the reactor at about 20 – 25 atms 

pressure.  

 Sulphuric acid of about 70% acid strength is fed in a countercurrent mode to the tray 

column where reactive absorption takes place.  Here, sulfonation reaction takes place.  

 The reaction is highly exothermic and therefore, refrigerated brine is used to control 

the temperature in the absorber.  Jacketed arrangement will be preferred for the tray 

absorption column to circulate the refrigerated brine in the cooling jacket.  
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 After reaction, the unreacted light ends such as saturated components will leave the 

unit as the gas stream.  

 The sulfonated product rich stream is then sent to a hydrolyzer cum stripper where 

isopropanol is produced and is vaporized due to existing stripper temperatures.  

 The hydrolyzer is fed with water to facilitate the conversion of the sulfonate product.  

 The isopropanol rich vapors then enter a caustic wash unit to remove the acidic 

impurities. - The isopropanol rich vapors then enter a partial condenser which 

separates the unreacted propylene from the alcohol + ether mixture. Here, propylene 

is separated as the vapour and alcohol + ether is separated as the liquid stream.   

 The separated propylene gas is once again subjected to water wash to remove soluble 

impurities (such as ethers and alcohols). Subsequently, pure propylene is sent to mix 

with the fresh feed stream.  Before sending to the unit, the propylene is cooled to room 

temperature so as to have identification conditions as the fresh feed stock.  

 The alcohol and ether enter a ether column that separates isopropyl ether which is 

returned to the reactor.  

 The bottom product consisting of isopropyl alcohol and water is sent to a isopropyl 

alcohol column that produces water + heavy ends as the bottom product and 87 % 

isoprpanol-water azeotrope mixture as the top product.  

 The azeotrope is sent to an azeotropic distillation column that uses isopropyl ether as 

a azeotropic agent to obtain 99 % isopropanol as the bottom product. The top product 

is a mixture of isopropyl ether and water. The top product is a low boiling azeotrope.  

This stream upon gravity settling will produce the isopropyl ether as the top product 

which is sent as a reflux stream to the azeotropic column.  The bottom product is a 

mixture of isopropanol and water is recycled back to the isopropyl alcohol column 

along with the bottom product generated from the ether separating column. 

7.1.3 Uses of Isopropanol:   

There may be many uses of iso-propanol, industrial as well as common uses. It finds use 

in pharmaceutical applications because of the low toxicity of any residues. Isopropanol is 

also used as a chemical intermediate in some industrial processes. It is also used as a 

gasoline additive.  
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Discussion   

 

1. Why refrigerated brine is used in the sulfonation reactor?  

Ans.: The reaction temperature is room temperature (25 – 30 oC).  Therefore, 

refrigerated fluid is used.  Brine is used here, as refrigerated is antifreeze and can allow 

solution to reach lower temperatures without freezing problem.  

 

2. Why a partial condenser but not total condenser is used to separate C3 from alcohol 

+ ether?  

Ans.: Apart from costs, the total condenser produces a single stream and this is of no 

use as propylene must be separated and sent as a gas back to the sulfonation reactor. All 

this is achieved in a single process unit by using partial condensation principle.  

 

3. Why is isopropyl ether circulated back to the sulfonation reactor?  

Ans.: To suppress the side reaction and hence decomposition of sulfonation to less 

valued product.  

4. Present the working principle of an azeotropic distillation column?  

Ans.: The azeotropic distillation column is fed with the azeotrope mixture and another 

component which forms a low boiling heterogenous azeotrope with the feed (azetropic 

mixture) components as one of the products and a purer compound as the other product.  

The low boiling azeotrope is then sent to a gravity settler that separates the 

heterogeneous phases into two products namely the azeotropic agent and an impure 

mixture of the original components.  The impure mixture is actually fed to one of the 

distillation columns in the process flow sheet at a location that matches with the purity 

of the stream.  

 

5. What happens to the water in which acid gets dissolved in the hydrolyzer cum 

stripper column?  

Ans.: Here, the stream is a weak acid stream that is fed to a multiple effect evaporator 

to concentrate the weak acid solution to a strong acid solution.  The strong acid solution 

then can be used as one of the raw materials in the process. 
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6. Can you do heat integration for the partial condenser with the sulfonation reactor?  

     Ans.: No, the reason is that sulfonation reaction is highly exothermic and heat needs to 

be quickly removed.  This is not possible when vapors are used as the cooling stream as 

gas phase heat transfer coefficients are significantly lower than the liquid phase heat 

transfer coefficients.  

7. Can a partial condenser be used for the ether column?  

Ans.: Yes, the reason is that there is no hard and fast rule that isopropyl ether be added 

in the liquid phase to the sulfonation reactor. In fact, it should be added as a vapour 

phase only and therefore, partial condenser should be used in place of total condenser 

to save costs as well as meet the process specifications.  
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7.2 Acetone manufacture from isopropanol  

 

7.2.1 Reactions  

 Dehydrogenation of Isopropanol  

 Isopropanol →  Acetone +  H2                       

 Reaction pressure: 3 – 4 atms  

 Reaction temperature: 400 – 500 oC  

 Copper catalyst on porous carrier is used  

 Vapor phase reaction  

7.2.2 Process Technology (Figure 7.2) 

 

Figure 7.2 Flow sheet of acetone manufacture from isopropanol 

 

 First, Isopropanol is heated using steam to vaporize the same.  

 Then, Isopropanol is compressed to desired reactor pressure i.e., 4 – 5 atms  

 The compressed Isopropanol then enters a catalytic shell and tube reactor in the 

tube side.  The tube is packed with the porous copper catalyst  
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 The reactor is operated at 400 – 500 oC using flue gas for heating. The flue gas is 

passed in the shell side of the shell and tube reactor.  

 After reaction, the gases are condensed using cooling water condenser. The 

condensed isopropanol and acetone are sent for fractionation.  

 The gases consisting of the remaining quantities of isopropanol and acetone are 

absorbed into water using a water scrubber.  

 The acetone + isopropanol obtained from the condenser and water + isopropanol + 

acetone are sent to an acetone fractionator that separates acetone as the top product 

and isopropanol + water as bottom product.  

 The bottom product isopropanol + water from the acetone fractionators is sent to a 

isopropanol column.  

 This column produces water as the bottom product and isopropanol as the top 

product.  

 The water is cooled using a water condenser and sent to the water scrubber as fresh 

water solvent.  

7.2.3 Uses of Acetone:  

**Acetone is used as a polar, aprotic solvent in a variety of organic reactions. One 

important property for which it is used as laboratory solvent is because does not form 

an azeotrope with water.   

**Acetone is also used in various medical and cosmetic applications. It also forms an 

important component in food additives and food packaging.   

Discussion   

1. Is pure isopropanol required as feedstock in the reactor?  

Ans: This question is asked due to the fact that isopropanol production process 

involves the formation of an azeotrope with 87 % Isopropanol and 13 % water.  

Therefore, if the azeotrope itself can be used as feedstock, then one can save azeotropic 

column costs if an acetone plant is constructed next to the isopropanol.  

 Yes, isopropanol azeotrope can be used as a feed stock.  In this case, the water will 

not react and will condense in the condenser after the reactor.    
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2. Can’t we feed the product gases directly to the water absorber eliminating the 

condenser?  

Ans: The condenser removes the condensable components from the product vapors.  

If condenser is not used, then the hot vapors move to the absorber and absorber load 

and degree of separation should be pretty high and hence higher cost. Therefore, it’s 

better to use the water cooling condenser.  

3. Why is water from the isopropanol fractionators cooled and sent to the water 

absorber unit?  

Ans: This is due to the fact that absorption is favored at lower temperature and higher 

pressure.  

4. Why are isopropanol again sent to the compressor along with the feed?  

Ans.: The operating pressures of the absorber, acetone fractionator and isopropanol 

fractionators reduce sequentially as the stream progresses to the right side.  Therefore, 

the last column produces the product with about atmospheric pressure only.  Therefore, 

to bring it back to 5 atm as in the reactor conditions, the stream has to be compressed 

along with the feed stream.  

 



  
 

1 
 

 Propylene derivatives 

Cumene and Acrylonitrile from Propylene 

Introduction  

 In this lecture, we study the process technology associated to the production of 

cumene and acrylonitrile from propylene  

 Both Cumene and Acrylonitrile are very important compounds that are required 

for the manufacture of other downstream petrochemicals  

 We first present the process technology associated to the Cumene  

8.1 Cumene  

8.1.1 Reactions  

 

 The reaction is exothermic  

 Catalyst: H3PO4 impregnated catalyst on porous carrier  

 Operating conditions: 25 atms pressure and 250 oC temperature.  

8.1.2 Process technology (Figure 9 .1)  

 

Figure 8.1 Flow sheet of Cumene production 
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 Propylene obtained from refinery processes as a mixture of propylene and propane 

 The mixture along with benzene is compressed to 25 atms  

 Eventually the mixture enters a heat integrated exchanger to heat the pre-heat the 

feed mixture.  

 The feed mixture enters a packed bed reactor.  

 The stream distribution in the packed bed reactor corresponds to cold shot 

arrangement i.e., cold propane from the distillation column in the process is added 

after every reactor with the product stream so that the temperature of the stream is 

controlled.  

 Here, propylene is the limiting reactant and therefore, presumably all propylene 

undergoes conversion.  

 Here, propane does not react but is a diluents or inert in the system. In that way it 

controls the reaction temperature.  

 The reactor units are maintained at about 250 oC  

 The product vapors are cooled using the heat integrated exchanger  

 The vapors then pass to a depropanizer which separates propane from the product 

mixture.  

 The bottom product consisting of benzene, cumene and polyalkyl benzenes enters 

another distillation column which separates benzene from the mixture of cumene 

and polyalkyl benzene. The benzene stream is recycled to enter the compressor.  

 The bottom product from the benzene column is sent to a cumene column which 

produces cumene as top product and poly alkyl benzene as bottom product.  

 Discussion  

1. What alternative reactor arrangement is possible if pure propylene feed is used?  

Ans.: When pure propylene is used, then there is no propane for quenching.  Therefore, 

the packed bed reactor shall be provided a cooling jacket which can control the 

temperature of the reactor.  

lenovo
Highlight



 

3 
 

2. Comment on the sequence of distillation columns separating propane, benzene 

and cumene in series?  

Ans.: The distillation columns are so arranged so that lighter components are separated 

first followed by heavier components.  Since no component is present which will 

decompose on long time heating, this arrangement is followed. If not, the component 

which can decompose upon long time heating will be separated first following by the 

lighter to heavier component sequence in the remaining components.  

3. In what way propane quenching plays a role in the reactions?  

Ans.: Propane quenching reduces polymerization of cumene and formation of 

polyalkyl benzenes.   

4. How can one suppress polyalkylbenzene formation?  

Ans.: By using high feed ratio of benzene to propylene and using propane as a diluent  

5. Is further heat integration not possible?  

Ans..: A further heat integration can be carried out using hot vapors in the distillation 

column to be as hot streams in the re boilers of various distillation columns.   

6. In what way higher pressure in the product vapors from the reactor are beneficial 

for the deprpopanizer unit?  

Ans..: The depropanizer unit requires condensation of propane vapors in the 

condenser.  Propane’s boiling point is less than 0 oC at 1 atm pressure.  Therefore, 

higher pressures to the extent of 25 atms will enhance propane boiling point to about 

25 – 30oC for which cooling water can be used as the cooling media in the condenser.  

If not, refrigerant needs to be used and the refrigerant will require a refrigerating unit 

along with the process. This is much expensive than using cooling water as the cooling 

media.  
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8.2  Acrylonitrile  

8.2.1 Reactions  

 C3H6 +  NH3 +  O2 →   C3H3N +  H2O                                 

 The reaction is exothermic  

 Stoichiometric ratio: C3H6 : NH3 : O2  = 1:1:1.5  

 Operating conditions: 1.5 – 3 atms pressure and 400 – 500 oC  

 By products: Acetonitrile and Hydrogen cyanide from side reactions  

 Catalyst: Mo-Bi catalyst  

8.2.2 Process Technology (Figure 8.2)  

Figure 8.2 Flow sheet of Acrylonitrile production 

 Propylene + Propane, Air and Ammonia, Steam are compressed to required pressure 

and are sent to the fluidized catalytic reactor consisting of the Mo-Bi spherical catalyst.  

The reactor is maintained at 400 – 500oC.  
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 Cyclone separator is also kept in the fluidized bed reactor in which catalyst and product 

gases are separated after fludization.  The contact time for fluidization is in the order 

of seconds.  

 The product vapors then enter a water scrubber that does not absorb propane and 

nitrogen from the products.  The products absorbed in the water include acrylonitrile, 

acetonitrile and other heavy ends.  

 The very dilute acryolonitrile (about 3 %) solution in water is sent to a fractionator. 

The fractionators separates acrylonitrile + heavy ends + HCN + light ends as a top 

product stream and acetonitrile + water + heavy ends as a bottom product.  

 The top product then enters an extractive distillation column with water as extractant. 

The azeotropic distillation column vapour is partially condensed to obtain a vapour, 

aqueous and organic layer.  The vapour consists of Light ends and HCN and is let out.  

The organic layer consists of acrylonitrile and heavy ends is sent for further 

purification. The aqueous layer is sent as a reflux to the azeotropic column. In other 

words, addition of water enabled the formation of a heterogeneous azeotropic mixture 

at the top.  

 The bottom product from the azeotropic distillation column enters a product 

purification unit along with oxalic acid where acrylonitrile is further purified from 

heavy ends (+ oxalic acid) and is obtained as a 99.5 % pure product.  

 In similarity to this, the bottom product from the product splitter enters an azeotropic 

column which produces water as a bottom product. The total condenser in this column 

generates both aqueous and organic layers.  The organic layer is rich in acetonitrile 

and heavy ends where as the aqueous layer is sent back as a reflux to the azeotropic 

column.  

 The bottom product from the acetonitrile azeotropic column enters a purification unit 

where distillation principle enables the separation of acetonitrile from the heavy ends.  
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 Discussion   

1. Why is oxalic acid added in the acrylonitrile purification column?  

Ans: One of the byproducts of the ammonoxidation of propylene are 

cyanohydrins.These organic compounds readily dissociate to form volatile 

compounds.  These volatile compounds are severely polluting compounds. Therefore, 

to avoid this, oxalic acid is added to the purification column in order to form complex 

compounds with these cyanohydrins and these compounds eventually enter the heavy 

end products.  

2. A careful analysis of the process flowsheet shown indicates that while absorption is 

favoured at lower temperatures and higher pressures, exactly opposite conditions 

exist for the reactor outlet stream (at about 1 atm pressure and 400 – 500oC). What 

additional process modifications are suggested?  

Ans: Cooling the vapour product stream from 400 oC to about 50 oC in a series of heat 

exchangers.  Since vapour is involved, extended area exchangers will be beneficial. 

Heat integration with the reboilers of any of the distillation columns is also beneficial.   

Pressurizing the vapour pressure to higher pressure and allowing it to enter the 

scrubber at the same temperature. This is beneficial but compressor costs will be 

enormous.  

Therefore, in the light of the process costs, cooling the vapour stream is beneficial than 

compression to favour good absorption.   

3. In certain processes for acrylonitrile production, cyanohydrins removal is desired.  

If so, what process modifications are suggested?  

Ans: Cyanohydrins are in the bottom product obtained in the product splitter.  

Therefore, the bottom product can be sent to a reactor where cyanohydrins can be 

converted to acrolein and these acroleins can be separated and sent back to the 

ammonoxidation reactor (fluidized beds). In that case, oxalic acids are not used and 

the heavy ends will not also get produced significantly and therefore process topology 
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will be somewhat different from what is being shown here.  For further details upon 

how the process flowsheet changes please refer to Chemical Engineering Design 

(Book) by Sinnott where in Appendix these modifications have been explained 

thoroughly in the process description.  

4. Is a partial condenser required in the acetonitrile azeotropic column?  

Ans: No, the reason is that the bottom product from the product splitter consists of 

heavy ends, acetonitrile and water and does not consist of lighter ends and HCN.  

Therefore, a partial condenser is not required and a total condenser producing two 

separate liquid phase streams that separate upon gravity is required.  

5. A feed stock heater is not shown in the process. However, reactor operating 

conditions are indicate high temperature operation. How is the feed stock heated?  

Ans: The heat for achieving the feed to desired temperature is provided by superheated 

steam that is mixed along with the feedstock.  Typical feed molar composition is 

propylene 7, ammonia 8, steam 20 and air 65. Additional heat for the reaction is 

obtained from the highly exothermic reaction in the fluidized bed catalytic reactor.  

6. What are the advantages of the fluidized catalytic reactor when compared to a 

packed bed reactor?  

Ans: It is well known that the heat and mass transfer coefficients of gases are 

predominantly lower than those of the liquids.  Therefore, fluidization principle 

effectively enhances bulk phase mass and heat transfer coefficients of the gas solid 

catalytic reaction.  In other words, due to fluidization, less contact time that is required 

in the process, higher conversions can be achieved.  



n-BUTANE CHEMICALS

Like propane, n-butane is mainly obtained from natural gas liquids. 
It is also a by-product from different refinery operations. Currently, 
the major use of n-butane is to control the vapor pressure of product
gasoline. Due to new regulations restricting the vapor pressure of gaso-
lines, this use is expected to be substantially reduced. Surplus n-butane
could be isomerized to isobutane, which is currently in high demand 
for producing isobutene. Isobutene is a precursor for methyl and ethyl
tertiary butyl ethers, which are important octane number boosters.6

Another alternative outlet for surplus n-butane is its oxidation to maleic
anhydride. Almost all new maleic anhydride processes are based on
butane oxidation.
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n-Butane has been the main feedstock for the production of butadiene.
However, this process has been replaced by steam cracking hydrocar-
bons, which produce considerable amounts of by-product butadiene.

The chemistry of n-butane is more varied than that of propane, partly
because n-butane has four secondary hydrogen atoms available for substitu-
tion and three carbon-carbon bonds that can be cracked at high temperatures:

Like propane, the noncatalytic oxidation of butane yields a variety of prod-
ucts including organic acids, alcohols, aldehydes, ketones, and olefins.
Although the noncatalytic oxidation of butane produces mainly alde-
hydes and alcohols, the catalyzed oxidation yields predominantly acids.

OXIDATION OF n-BUTANE (Acetic Acid and Acetaldehyde)

The oxidation of n-butane represents a good example illustrating the
effect of a catalyst on the selectivity for a certain product. The non-
catalytic oxidation of n-butane is nonselective and produces a mixture of
oxygenated compounds including formaldehyde, acetic acid, acetone,
and alcohols. Typical weight % yields when n-butane is oxidized in the
vapor phase at a temperature range of 360–450°C and approximately 7
atmospheres are: formaldehyde 33%, acetaldehyde 31%, methanol 20%,
acetone 4%, and mixed solvents 12%.

On the other hand, the catalytic oxidation of a n-butane, using either
cobalt or manganese acetate, produces acetic acid at 75–80% yield.
Byproducts of commercial value are obtained in variable amounts. In the
Celanese process, the oxidation reaction is performed at a temperature
range of 150–225°C and a pressure of approximately 55 atmospheres.7

CH3CH2CH2CH3 + O2 r CH3COOH + by-products + H2O

The main by-products are formic acid, ethanol, methanol, acetaldehyde,
acetone, and methylethyl ketone (MEK). When manganese acetate is
used as a catalyst, more formic acid (≈25%) is obtained at the expense of
acetic acid.
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Maleic Anhydride:

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

2 CH3CH2CH2CH3 + 7 O2 r

Other catalyst systems such as iron V2O5-P2O5 over silica alumina are
used for the oxidation. In the Monsanto process (Figure 6-4), n-butane
and air are fed to a multitube fixed-bed reactor, which is cooled with
molten salt. The catalyst used is a proprietary modified vanadium oxide.
The exit gas stream is cooled, and crude maleic anhydride is absorbed
then recovered from the solvent in the stripper. Maleic anhydride is fur-
ther purified using a proprietary solvent purification system.8

A new process for the partial oxidation of n-butane to maleic anhy-
dride was developed by DuPont. The important feature of this process 
is the use of a circulating fluidized bed-reactor. Solids flux in the rizer-
reactor is high and the superficial gas velocities are also high, which
encounters short residence times usually in seconds. The developed 
catalyst for this process is based on vanadium phosphorous oxides

Figure 6-4. The Monsanto process for producing maleic anhydride from butane:8

(1) reactor, (2) absorber (3) stripper, (4) fractionator, (5) solvent purification.
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(VO)2P2O7 type, which provides the oxygen needed for oxidation. 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.9 Figure 6-5 shows the
DuPont butane to maleic anhydride process.

Oxidation of n-butane to maleic anhydride is becoming a major source
for this important chemical. Maleic anhydride could also be produced by
the catalytic oxidation of n-butenes (Chapter 9) and benzene (Chapter 10).
The principal use of maleic anhydride is in the synthesis of unsaturated
polyester resins. These resins are used to fabricate glass-fiber reinforced
materials. Other uses include fumaric acid, alkyd resins, and pesticides.
Maleic acid esters are important plasticizers and lubricants. Maleic anhy-
dride could also be a precursor for 1,4-butanediol (Chapter 9).

Aromatics Production

Liquefied petroleum gas (LPG), a mixture of propane and butanes, is
catalytically reacted to produce an aromatic-rich product. The first step is

Figure 6-5. The DuPont butane to maleic anhydride process.9
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assumed to be the dehydrogenation of propane and butane to the corre-
sponding olefins followed by oligomerization to C6, C7, and C8 olefins.
These compounds then dehydrocyclize to BTX aromatics. The follow-
ing reaction sequence illustrates the formation of benzene from 2
propane molecules:

2CH3CH2CH3 r CH3CH2CH2CH2CH=CH2 + 2H2

1-Hexene

Although olefins are intermediates in this reaction, the final product con-
tains a very low olefin concentration. The overall reaction is endothermic
due to the predominance of dehydrogenation and cracking. Methane and
ethane are by-products from the cracking reaction. Table 6-1 shows the
product yields obtained from the Cyclar process developed jointly by
British Petroleum and UOP.10 A simplified flow scheme for the Cyclar
process is shown in Figure 6-6.

The process consists of a reactor section, continuous catalyst regen-
eration unit (CCR), and product recovery section. Stacked radial-flow
reactors are used to minimize pressure drop and to facilitate catalyst
recirculation to and from the CCR. The reactor feed consists solely of
LPG plus the recycle of unconverted feed components; no hydrogen is
recycled. The liquid product contains about 92 wt% benzene, toluene,
and xylenes (BTX) (Figure 6-7), with a balance of C9

+ aromatics and a
low nonaromatic content.10 Therefore, the product could be used directly
for the recovery of benzene by fractional distillation (without the extrac-
tion step needed in catalytic reforming).

Table 6-1
Product yield from saturated LPG feed to the cyclar process10

Yields, wt% of fresh feed

Feedstock Aromatics Hydrogen Fuel gas

Propane (100%) 63.1 5.9 31.0
Butanes (100%) 65.9 5.2 28.9

Basis: High-yield mode. Lower cost Cyclar units can be designed, but for lower overall yields.
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Figure 6-6. A flow diagram showing the Cyclar process for aromatization of LPG.10

Figure 6-7. The liquid (C6
+) product breakdown in weight units obtained from the

Cyclar process.10



Interest in the use of lower-value light paraffins for the production of
aromatics led to the introduction of two new processes similar to the
Cyclar process, the Z-forming and the Aroformer processes, which were
developed in Japan and Australia, respectively.12,13

Research is also being conducted in Japan to aromatize propane in
presence of carbon dioxide using a Zn-loaded HZSM-5 catalyst.14 The
effect of CO2 is thought to improve the equilibrium formation of aro-
matics by the consumption of product hydrogen (from dehydrogenation
of propane) through the reverse water gas shift reaction.

CO2 + H2 a CO + H2O

However, it was found that the effect on the equilibrium formation of
aromatics is not substantial due to thermodynamic considerations. A
more favorable effect was found for the reaction between ethylene
(formed via cracking during aromatization of propane) and hydrogen.
The reverse shift reaction consumes hydrogen and decreases the chances
for the reduction of ethylene to ethane byproduct.

CH2=CH2 + H2 r CH3-CH3

ISOMERIZATION OF n-BUTANE (Isobutane Production)

Because of the increasing demand for isobutylene for the production
of oxygenates as gasoline additives, a substantial amount of n-butane is
isomerized to isobutane, which is further dehydrogenated to isobutene.
The Butamer process (Figure 6-8) has a fixed-bed reactor containing a
highly selective catalyst that promotes the conversion of n-butane to
isobutane equilibrium mixture.15 Isobutane is then separated in a
deisobutanizer tower. The n-butane is recycled with make-up hydrogen.
The isomerization reaction occurs at a relatively low temperature:

CH3CH2CH2CH3 r CH3CH(CH3)2

Isobutane

ISOBUTANE CHEMICALS

As has been mentioned in Chapter 3, isobutane is mainly used as an
alkylating agent to produce different compounds (alkylates) with a high
octane number to supplement the gasoline pool. Isobutane is in high
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demand as an isobutene precursor for producing oxygenates such as
methyl and ethyl tertiary butyl ethers (MTBE and ETBE). The produc-
tion and use of MTBE are discussed in Chapter 5. Accordingly, greater
amounts of isobutane are produced from n-butane through isomerization
followed by dehydrogenation to isobutene. The Catofin process is cur-
rently used to dehydrogenate isobutane to isobutene. Alternatively,
isobutane could be thermally cracked to yield predominantly isobutene
plus propane. Other by-products are fuel gas and C5

+ liquid. The steam
cracking process is made of three sections: a cracking furnace, a vapor
recovery section, and a product fractionation section. The Coastal isobu-
tane cracking process is reviewed by Soudek and Lacatena.16

NAPHTHA-BASED CHEMICALS

Light naphtha containing hydrocarbons in the C5-C7 range is the pre-
ferred feedstock in Europe for producing acetic acid by oxidation.
Similar to the catalytic oxidation of n-butane, the oxidation of light naph-
tha is performed at approximately the same temperature and pressure
ranges (170–200°C and ≈50 atmospheres) in the presence of manganese
acetate catalyst. The yield of acetic acid is approximately 40 wt%.

Light naphtha + O2 r CH3COOH + by-products + H2O

Figure 6-8. The UOP Butamer process for isomerization of n-butane to isobu-
tane:15 (1,2) deisobutanizer, (3) reactor, (4) separator (for separation and recy-
cling H2), (5,6) stabilizer.
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The product mixture contains essentially oxygenated compounds (acids,
alcohols, esters, aldehydes, ketones, etc.). As many as 13 distillation
columns are used to separate the complex mixture. The number of prod-
ucts could be reduced by recycling most of them to extinction.

Manganese naphthenate may be used as an oxidation catalyst.
Rouchaud and Lutete have made an in-depth study of the liquid phase
oxidation of n-hexane using manganese naphthenate. A yield of 83% of
C1-C5 acids relative to n-hexane was reported. The highest yield of these
acids was for acetic acid followed by formic acid. The lowest yield was
observed for pentanoic acid.17

In Europe naphtha is the preferred feedstock for the production of syn-
thesis gas, which is used to synthesize methanol and ammonia (Chapter
4). Another important role for naphtha is its use as a feedstock for steam
cracking units for light olefins production (Chapter 3). Heavy naphtha,
on the other hand, is a major feedstock for catalytic reforming. The prod-
uct reformate containing a high percentage of C6-C8 aromatic hydrocar-
bons is used to make gasoline. Reformates are also extracted to separate
the aromatics as intermediates for petrochemicals.
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CHEMICALS FROM HIGH MOLECULAR WEIGHT
n-PARAFFINS

High molecular weight n-paraffins are obtained from different petro-
leum fractions through physical separation processes. Those in the range of
C8-C14 are usually recovered from kerosines having a high ratio of these
compounds. Vapor phase adsorption using molecular sieve 5A is used to
achieve the separation. The n-paraffins are then desorbed by the action of
ammonia. Continuous operation is possible by using two adsorption sieve
columns, one bed on stream while the other bed is being desorbed. n-
Paraffins could also be separated by forming an adduct with urea. For a
paraffinic hydrocarbon to form an adduct under ambient temperature and
atmospheric pressure, the compound must contain a long unbranched chain
of at least six carbon atoms. Ease of adduct formation and adduct stability
increases with increase of chain length.18 Table 6-2 shows some physical
properties of C5-C16 n-paraffins. As with shorter-chain n-paraffins, the
longer chain compounds are not highly reactive. However, they may be
oxidized, chlorinated, dehydrogenated, sulfonated, and fermented under
special conditions. The C9-C17 paraffins are used to produce olefins or
monochlorinated paraffins for the production of detergents. The 1996
capacity for the U.S., Europe, and Japan was 3.0 billion pounds.19
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OXIDATION OF PARAFFINS (Fatty Acids and Fatty Alcohols)

The catalytic oxidation of long-chain paraffins (Cl8-C30) over man-
ganese salts produces a mixture of fatty acids with different chain
lengths. Temperature and pressure ranges of 105–120°C and 15–60
atmospheres are used. About 60 wt% yield of fatty acids in the range of
Cl2-Cl4 is obtained. These acids are used for making soaps. The main
source for fatty acids for soap manufacture, however, is the hydrolysis of
fats and oils (a nonpetroleum source). Oxidation of paraffins to fatty
acids may be illustrated as:

RCH2(CH2)nCH2CH2R + 5/2O2 r R(CH2)nCOOH + RCH2COOH + H2O

Oxidation of Cl2-Cl4 n-paraffins using boron trioxide catalysts was
extensively studied for the production of fatty alcohols.20 Typical reac-
tion conditions are 120–130°C at atmospheric pressure. ter-Butyl
hydroperoxide (0.5%) was used to initiate the reaction. The yield of the
alcohols was 76.2 wt% at 30.5% conversion. Fatty acids (8.9 wt%) were
also obtained. Product alcohols were essentially secondary with the same
number of carbons and the same structure per molecule as the parent
paraffin hydrocarbon. This shows that no cracking has occurred under
the conditions used. The oxidation reaction could be represented as:

RCH2CH2 Rv + l/2O2 r R-CH2CHOHRv

Table 6-2
Selected properties of n-paraffins from C5-C16

Name Formula Density B.P.°C M.P.°C

Pentane CH3(CH2)3CH3 0.626 36.0 –130.0
Hexane CH3(CH2)4CH3 0.695 69.0 –95.0
Heptane CH3(CH2)5CH3 0.684 98.0 –90.5
Octane CH3(CH2)6CH3 0.703 126.0 –57.0
Nonane CH3(CH2)7CH3 0.718 151.0 –54.0
Decane CH3(CH2)8CH3 0.730 174.0 –30.0
Undecane CH3(CH2)9CH3 0.740 196.0 –26.0
Dodecane CH3(CH2)10CH3 0.749 216.0 –10.0
Tridecane CH3(CH2)11CH3 0.757 234.0 –6.0
Tetradecane CH3(CH2)l2CH3 0.764 252.0 5.5
Pentadecane CH3(CH2)13CH3 0.769 266.0 10.0
Hexadecane CH3(CH2)14CH3 0.775 280.0 18.0



n-Paraffins can also be oxidized to alcohols by a dilute oxygen stream
(3–4%) in the presence of a mineral acid. The acid converts the alcohols
to esters, which prohibit further oxidation of the alcohols to fatty acids.
The obtained alcohols are also secondary. These alcohols are of commer-
cial importance for the production of nonionic detergents (ethyoxylates):

Nonionic detergents are discussed in Chapter 7. Other uses of these alco-
hols are in the plasticizer field and in monoolefin production.

CHLORINATION OF n-PARAFFINS (Chloroparaffins)

Chlorination of n-paraffins (C10-C14) in the liquid phase produces a
mixture of chloroparaffins. Selectivity to monochlorination could be
increased by limiting the reaction to a low conversion and by decreasing
the chlorine to hydrocarbon ratio. Substitution of secondary hydrogen
predominates. The reaction may be represented as:

R CH2 CH2Rv + Cl2 r R CHCl CH2Rv + HCl

Monochloroparaffins in this range may be dehydrochlorinated to the cor-
responding monoolefins and used as alkylating agents for the production
of biodegradable detergents. Alternatively, the monochloroparaffins are
used directly to alkylate benzene in presence of a Lewis acid catalyst to
produce alkylates for the detergent production. These reactions could be
illustrated as follows:
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Detergent production is further discussed in Chapter 10.
Polychlorination, on the other hand, can be carried out on the whole

range of n-paraffins from C10-C30 at a temperature range of 80–120°C
(using a high Cl2/paraffin ratio). The product has a chlorine content of
approximately 70%. Polychloroparaffins are used as cutting oil additives,
plasticizers, and retardant chemicals.

SULFONATION OF n-PARAFFINS
(Secondary Alkane Sulfonates SAS)

Linear secondary alkane sulfonates are produced by the reaction
between sulfur dioxide and n-paraffins in the range of C15-C17.

R-H + 2SO2 + 2O2 + H2O r RSO3H + H2SO4

The reaction is catalyzed by ultraviolet light with a wave-length between
3,300–3,600Å.21 The sulfonates are nearly 100% biodegradable, soft and
stable in hard water, and have good washing properties.

Sodium alkanesulfonates for detergent manufacture can also be pro-
duced from the free-radical addition of sodium bisulfite and alpha olefins:

RCH=CH2+ NaHSO3 r RCH2CH2SO3Na
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