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Introduction: 

Industrial Countries  

1-The world petrochemical industry has changed drastically in the last twenty to thirty years. 

 2-The United States, Western Europe and Japan previously dominated production of primary 

petrochemicals, 

i.not only to supply their own domestic demand. 

ii.but also to export to other world markets. 

These areas accounted for over 80% of world primary petrochemical production  prior to 1980 

3-Countries with vast reserves of crude oil and natural gas (e.g., Saudi Arabia andCanada) 

have constructed plants. to add value to their resources. Since these countries generally 

i. have smaller domestic demand. 

ii. Petrochemical production is earmarked for the export market. 

4-The need for synthetic rubber and synthetic chemicals for explosives during World War II 

prompted the development of the highly specialized petrochemical industry in America. 

After 1952 the state's share in the American petrochemical industry increased dramatically, 

5-During the 1960s played an increasingly diversified role in all phases of the 

petrochemical industry: furnishing and processing oil and gas, producing petrochemicals, 

and manufacturing commercial commodities. 

6- By 1965 200 petrochemical plants in Texas processed such basic petrochemicals as 

ethylene, propylene, butadiene, benzene, isoprene, and xylenes, which are the building 

blocks for innumerable chemical products spanning the range of the plastic, rubber, and 

synthetic fiber industries. 

7-The petrochemical industries in the United States, Western Europe and Japan have 

experienced lower growth rates. In 2010, these three regions accounted for only 37% of 

world primary petrochemicals production. 
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Petrochemicals: 

Petrochemicals in general are compounds and polymers derived directly or indirectly 

from petroleum and used in the chemical market. The major petrochemical products: are 

plastics, synthetic fibers, synthetic rubber, detergents, and nitrogen fertilizers. Many 

other important chemical industries such as paints, adhesives, insecticides, and 

pharmaceuticals may involve one or more petrochemical products within their 

manufacturing steps. 

Structure and schemes of petrochemical industries, main petrochemical equipment 

:steam crackers, quench towers, scrubbers. Olefins and aromatic plants. Hydrogen 

plants ,Synthesis gas .Unit processes for intermediates. Polymerization and 

polycondensation, Trends in petrochemical industries. 

Raw materials 

The primary  raw materials and future energy and chemical sources: Natural gas 

and crude oils are the basic raw materials for the manufacture of petrochemicals. 

Secondary raw materials, 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.  

Two petrochemical classes are olefins including ethylene and propylene, and 

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 
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adhesives. Olefins are the basis for polymers and oligomers used in plastics, resins, 

fibers, elastomers, lubricants, and gels. 

¶ Benzene is a raw material for dyes and synthetic detergents, benzene and 

toluene raw material 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. 

Factors affecting development and growth of petrochemical 

industries: 

1-Avaliability of oil and natural gas and development of refining technology and 

industries. 

2-Great development in production and purification of basic PCs. 

3-The characterization properties of PCs produced: Tensile, corrosion resistance and 

easy of production. 

4-Cost of PCs produced equal or less than natural or classical materials. 

5-Great demand on commodity product and limited availability of natural product thus 

are replaced by PCs product. 

Characterization petrochemical industries: 

1-Different processing stages from oil and NG to final product. 

2-Its demand of high developed and complex technology and efficient stuff from 

various levels. 

3-High capital cost: cost of civil, processing are high on other hand this industry 
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characterizes by high profit especially final products. 

4- High production capacity is considered to be economic due to technological 

development in using equipment and also recovery of by-products. 

5- By-product associated with basic PCs produced can be utilized in economics of 

project: production of Ethylene from Naphtha :by-products are: Propylene and BD. 

PCs Industries Generations: 

1ST Generation PCs or Basic PCs: 

From oil and NG: 

Processes used: 

1-Thermal cracking for olefin and aromatic production. 

2-Catalytic reforming :To produced Aromatic. 

3-Steam reforming or partial oxidation: To produced H2 and CO. 

2ND Generation PCs or intermediate PCs : 

Produced from basic PCs: 

Processes used:1-Oxidation, 2- Hydrogenation,3-Alkylation and others. 

3RD Generation PCs or End products: 

Represent all the commodity used for different purposes. These may be used alone 

or composites. 
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PRIMARY PETROCHEMICALS: 

Olefins: 

Ethylene production: 

Application: To produce polymer-grade ethylene (99.95 vol%). Major by products are 

propylene (chemical or polymer-grade), a butadiene-rich C4 stream, C6 to C8 

aromatics-rich pyrolysis gasoline and high- purity hydrogen 

 

Description: - Hydrocarbon feedstock is preheated and cracked in the presence of 

steam in tubular SRT (short residence time) pyrolysis furnace (1).  

- The products exist the furnace at 1,500°F to 1,600°F and are rapidly quenched in 

the transfer line exchangers(2), That generate super high pressure (SHP) steam. the 

latest generation furnace design is the SRT 
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- Furnace effluent, after quench, flows to the gasoline fractionators(3) where the 

heavy oil fraction is removed from the gasoline and lighter fraction (liquids cracking 

only). 

- Further cooling of furnace effluents is accomplished by a direct water quench in the 

quench tower (4). 

- Raw gas from the quench tower is compressed  in a multistage centrifugal 

compressor (5) to greater than 500 psig. 

- The compressed gas is then dried (6)  and chilled. 

- Hydrogen is recovered in the chilling train (7), which feeds the demethanizer (8) 

The demethanizer operates at about100 psia, providing increased energy efficiency. 

- The bottoms from the demethanizer go to the deethanizer (9) 

-Acetylene in the deethanizer overhead is hydrogenated (10) or recovered. 

-The ethylene-ethane stream is fractionated (11) and polymer grade ethylene is 

recovered. Ethane leaving the bottom of the ethylene fractionators is recycled and 

cracked to extinction. 

- The deethanizer bottoms and condensate stripper bottoms from the charge 

compression system are depropanized (12) 

- Polymer-grade propylene is recovered in a propylene fractionators (13) 

- Methylacetylene and propadiene are hydrogenated in the depropanizer using CD 

Hydro catalytic distillation hydrogenation technology. The depropanizer bottoms is 

separated into mixed C4 and light gasoline streams (14). 

First:  Steam cracking process: 

treatment of HCS with steam at high temp and low contact time and pressure.: 
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Mechanism: 

1- Dehydrogenation of ethane: 

CH3-CH3→CH2=CH2 

Ethane          Ethylene 

CH3CH2CH3 Ÿ CH2=CH2+ CH4 

Propane                  Ethylene 

2-Dehydrogenation of propane: 

CH3CH2CH3 Ÿ CH2=CHCH3+ H2 

Furnace design: 

Furnaces: tubular furnace: tube arranged either vertical or horizontal, and made of 

S.S: which is alloy of nickel and chrome and contain burners mounted in the bottom 

or on a side of these furnace. NG, reduced crude or fuel oil burns to give heat. 

Operating conditions(OC): 

Practical design of steam cracking and operating conditions depends on feed. 

If the raw material: Ethane-gas oil :then operating conditions are: Temp:750-850 oC 

Residence time(RT)=0.2-0.3 sec. Steam: feed 0.2-1 Pressure:1-3 bar. 

Effect of Operating conditions(OC):on steam cracking process: 

1-RT:low:yield :high and formation of coke: low In order to lower (RT) 

a- lower the reactor size(volume)  b- reduce pressure  c- increase of temp. 

 lower( RT) from sec. to a part of sec. the temp. inside the tubes must be increase 

from 750-900 oC :yield of ethylene will increase from 20-23% to 30-35% . 
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Ratio of steam: HCS: 

Advantage of use of steam 

1-Reduce the vapour pressure and RT of HCS in the reaction zone which in term 

increase %yield. 

2-Reduce the partial pressure of aromatic HCS with high molecular weight which 

limit the formation of coke on the internal tubes walls. 

3-The reaction which takes place between coke and steam to remove precipitation. 

C + H2O ŸCO +H2 

Disadvantages: 

1-Reduce the unit capacity. 2-Recovery limited amount of steam. 

3- The need of high energy to cool the product. 

Second: Cooling: 

Effluent from steam cracking furance with temp.800oC contains a lot of active 

unsaturated compounds ,thus cooling process(quenching)must carried out for the 

following : 

1-The gums and polymeric compounds which forms as result of side reaction must be 

excluded. 

2- Recovery of thermal energy as steam. 

Cooling stages: 

Cooling is carried out in 2-3 stages according to feed as follows: 

1-Quenching(rapid and immediate) and production of high pressure steam. 

2- Primary fractionation: for product of thermal cracking in case of feed stock and 
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separation of fuel oil. 

pyrolysis gas650-850oC                                                                             Pyrolysis gas  

 

 

 

 

 oil or water 

 

Quenching: 

Is carried out first in TLE(Transfer line exchanger)  

To a temp. of (375-500OC)by using hot water in the upper part of tubular furnace and 

production of high pressure steam which is used to operate the compressors in the 

same complex. 

Final cooling: 

Cooling is carried out to about 400C as follows 

a-Gas feed: direct treatment in water quanch unit; where pyro gas leaves from the 

top of washing tower while pyro gasoline leaves with washing water from the bottom 

of the washing tower, pyro gasloine is separated, wash water is recycled after cooling 

in heat exchangers. 

b-Liquid feed: cooling is carried out first using direct wash with oil such as gas oil 

then fractional distillation is carried out to for fuel oil separation from heavy gasoline 

fraction. During direct washing products temp. decrease to 200-220oC then products 

are introduced to primary disitlation tower to separate fuel oil and washing gas ,temp. 

of product is reduced to about 100-1100C,Final cooling is about 40oC. 
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Third:Compression: 

Pyro.gas contains some impurities with different concentrations differs according to 

feed type and operating conditions. Impurities are acids gases(H2S,CO2) ,acetylene 

and water. 

The compression of gas to 34 atm. occur in multi stages (4-5).condense HCS are 

removed from these stages. Acids gases removal is usually carried out during 

compression using soda or amine wash unit, then gas is dried to prevent hydride and 

ice formation when the gas is cooled to low temp. during the distillation under 

pressure. 

 

Fourth: Acid gases removal: 

Purity requirement in low olefins need to reduce the contain of H2S(1-2)ppm and 

CO2(10-15) ppm. 

Resonces for acid gas removal: 

1-To avoid corrosion problems, and limit solid CO2 precipitation at low temp. 2- 

Prevent catalyst (pd) poisoning. Catalyst is used in acetylene hydrogenation. 
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Removal process ; 

Removal is carried out by multi stages washing with caustic soda solution. Usually 

two stages washing reduce the amount of CO2 to(15-20)ppm while the amount is 

further reduced to less than (5) ppm when three or more stages are used. The pyro gas 

is feed in the lower part of washing tower and run up ward in the reverse direction to 

soda solution stream(counter current) .The soda solution is supplied with different 

concentrations in two separated contact stages inside the tower. The partially 

exhausted soda solution after the second washing stage is recycle to the first stage 

,then it run outside the tower as rabish. The concentration of the recycle solution to 

the second stage is neutralized with new dilute solution of soda. 

 

Washing process : 

Treated gas from the second stage is washed with water in a separated region in a 

tower contain several trays for contact .The water is recycle with different speed to 

obtained effective washing of gas from residual soda and impurities. 
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Five: Drying:  

Pyro gas is saturated with water steam as a result of its contact with water in different 

stages of manufacturing .The HCS gases dissolved amount of water steam differs 

according to temp. and pressure thus the drying of the gas is necessary for the 

following: prevent the solidification of water and hydride formation during 

distillation at low temp. which result to blockage of pipes and equipment and reduce 

the efficiency of separating units. 

Drying process: 

1-It is carried out by: Adsorption: using suitable solid material ;such as active 

aluminum oxide, silica gel, molecular sieves. 

2-Pratically;two towers at least are used in drying units ;one of them in adsorption 

stage while the other in activation and cooling stage. The content of water in gas is 

reduced to(1-2)ppm. 

1-Anti freeze agent(e.g. methanol)is also added thus hydride formation and freezing 

of water is avoided When gas is subjected to low temp. in compression and 

distillation units. 

2- Some times gas is cooled by propylene refrigerants after washing by soda in order 

to reduce condensation of water and reduce its percentage in gas. 
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Sixth: Acteylene removal: 

Pyro. Gas conatins acetylene which its compound separated with olefins with 

equivalent carbon no. when distillation processes. Thus acetylene must be removed in 

order to get olefins and diolefins with high purity. Acetylene compound are removed 

from pyro gas by: 

1- Selective hydrogenation. 

2-Solvent extraction. 

Selective hydrogenation : 

Used in almost all low olefins production units. 

 

 

Removal process; 

Acetylene removal is carried out either: 

1-Front end removal; in compression stage. 

2-Tail end removal; in product separation stage. 

Front end removal: Hydrogenation of pyro gas is carried out before product 

separation i.e. during compression and in presence of excess of hydrogen especially 

the gas contains amount of hydrogen. 

Tail end removal: Hydrogenation of pyro gas is carried out after product separation 

i.e. after directly after distillation process and by using equivalent amount of 

hydrogen. Most recent units work by tail end removal especially when liquid feed is 

used. 
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Seventh: Product separation: 

Pyro gas contains: LO(E,P,B) H2, DO(diolefins)and acetylene. 

Separation process : 

To separate E and other LO from pyro gas ;distillation under pressure at low temp, 

using higher efficiency towers thus products with high purity are obtained 

 

 

Energy requirments: 

Energy consumption: 

1-Heating : vapourzing and cracking of raw material supplied to the furance about 

50% 

2-Energy used to operate compressors to compress the gas to 40 atm. About 28-40% 

3-Refrigeration energy in separation and purity units. 

4- Thermal energy to produce medium pressure steam with feed. 

5-Others :heating of recycle boiler, distillation towers, pumps, compressors 

operation furnace exhausters. 
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Energy recovery: 

1-Heat recovered from hot combustion gases emitted from thermal cracking 

furance. 

2-Heat from hot reaction product when they cooled in TLE to about 4000C and it 

produced as steam under medium pressure. 

3-Final cooling for reaction product either in primary distillation tower or in heat 

exchanger and it produce as steam under low pressure or hot water. 

 

Butylenes and Butadiene 

Hydrocarbons with carbon no.4: C4 .Its include the followings: 

 
 

These chemical available as a mixture with carbon no.-4. Also C4 fraction contains 

some unsaturated comp. Such as acetylene also HCS with carbon no. (3,5) in low 

percentage. 

Sources of butylene production: 

1-By product in cracking unit of oil fractions. 

2-Steam cracking unit in ethylene production.  

3-Dehydrogenation processes and other synthsis processes. 
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Butylene consumption: 

In 1985:Total Butylene consumption=28.09 MT 

Linear Butylene =2/3 28.09 Iso=1/3 28.09 mt 

Butylene Consumption for engine benzene. 

BD consumption =8.3 mt in 2000 %growth=4.5% utilization of DO :in 

production of : rubber, solvent and other compounds. 

Conversion processes-Dehydrogenation 

It is used for production of: 

1-LO(low olefins)from paraffins in a method similar to the production of ethylene. 

2-HO(higher olefins) from linear paraffins. 

3-DO(diolefins)from paraffins and olefins. 

Reactions: 

C4H10→CH3CH2CH=CH2 +H2 

n-butane     1-butene 

C4H10→CH3CH=CH2CH3 +H2 

n-butane    2-butene:cis 

C4H10→CH3CH=CH2CH3 +H2 

n-butane     2-butene:trans 

C4H10→CH2=CH-CH= CH2 +H2 

Reaction characterization: 

1-Reversible 2-Endothermic 3-Occur in gas phase :each vol. gives two vols.: i.e. 

increase in vol. 4-Takesplace in selective manner in presence of cata. And T=600-

800oC. 

Catalyst used: 

Commercial catalyst :consists of 10-20%Cr2O3+80-90%Al2O3 .The catalyst loses 

its activity in presence of steam. 

Note: Dehydrogenation reaction of low paraffin's is a difficult reaction thus  

1-Sever conditions must be used 2-Catalyst must activated periodically. 

Catalyst characterization: 

1-Higher activity 2-Higher selectivity at higher temp. 
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BD Separation: 

Classical method: 

1-Absorption of BD in ammoniac copper acetate solution. 

2-Separation:in multi-stages extraction-settling rig. 

3-Displacement:BD is displaced from solution when temp. is raised and pressure is 

lowered. 

4-Purification:by distillation. 

1,3 Butadiene (Extraction from mixed C4) 

 

Application: To produce high-purity butadiene from a mixed C4 stream typically a 

byproduct stream from an ethylene plant using liquid feeds (liquids cracker). The 

process uses n-methylpyrrolidone (NMP) as the solvent. 

Description: -The mixed C4 feed stream is fed into the first extractive distillation 

column(1), which produces an overhead butenes stream (raffinate-1) that is essentially 

free of butadiene and acetylenes. The bottoms stream from this column is stripped free 

of butenes in the top half of the rectifier (2)  
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- A side stream containing butadiene and a small amount of acetylenic compounds 

(vinyl and ethyl-acetylene) is withdrawn from the rectifier and fed into the second 

extractive distillation column (3) 

- The C4 acetylenes, which have higher solubility in NMP than 1,3-butadiene, are 

removed by the solvent in the bottoms and returned to the rectifier. 

- Crude butadiene (BD) stream, from the overhead of the second extractive distillation 

column, is fed into the BD purify cationtrain. Both extractive distillation columns have 

a number of trays above the solvent addition point to allow for the removal of solvent 

traces from the overheads. 

-The bottoms of the rectifier, containing BD, C4 acetylenes andC5 hydrocarbons in 

NMP, is preheated solvent stripping column(4). In this column, solvent vapors are 

used as the stripping medium to remove all light hydrocarbons from NMP. 

-The hot-stripped solvent from the bottom of the degasser passes through the heat 

economizers (a train of heat exchangers) and is fed to the extractive distillation 

columns. 

-The hydrocarbons leaving the top of the degasser are cooled in a column by direct 

contact with solvent (NMP and water) and fed to the solvent than 1,3-butadiene 

accumulate in the middle zone of the degasser and are drawn off as a side stream. 

-This side stream, after dilution with raffinate-1, is fed to a water scrubber to remove a 

small amount of NMP from the exiting gases. 

- The scrubbed purged to disposal. In the propyne column(5) 

-The propyne (C3 acetylene) is removed as overhead and sent to disposal. The bottoms 

are fed to the second distillation column (the 1,3-butadiene column (6), which BD as 

overhead and a small stream containing 1,2-butadiene and C5hydrocarbons as bottoms. 
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Isobutylene Separation: 

Extraction of Isobutylene from C4 with H2SO4 

               H2SO4+IB                                                                                                                       C4 free from IB

  

C4  Extract IB     H2O 

 

 

 

 

 

 

                                                                      H2SO4 45% 

 Extract Steam                     65%H2SO4 

1-C4 is supplied to the bottom of tower (1).To the top of tower (1)H2SO4 

(conc.65%) +(IB) is supplied from tower(2) to tower(1). 2-Extract from T(1) flow to 

displacement tower where there the conc. of acid is lowered to 45% And heating by 

steam. 

3-From the bottom of displacement tower H2SO4 (45%) flows to concentrated tower .in 

which the conc. of acid is raised to 65% then it is resupply to Upper of tower 2. 

Other methods: 

1-Dilute H2SO4 is used. 

2- HCl + metal's salt 

3-Adsorption(molecular sieve):Union carbide 

4-IB is converted to secondary &tertiary IB in presence of ion exchange with 96% 

conv. Bayer Company. 
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