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ABSTRACT

Petrochemical processes begin with relatively few basic raw materials, expand into a
complex network of chemicals and converge into materials that serve specific functions as
consumer products. Then raw material base for the petrochemical industry primarily de-
pends upon the type of intermediates and final products required by industry and con-
sumer. Almost all petrochemicals are derived from three sources: synthesis gas, olefin and
aromatic.

Production of those three petrochemical sources and the derivative chemicals are de-
scribed briefly.
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I. INTRODUCTION

Petrochemical processes begin with relatively few
basic raw materials, expand into a complex network
of chemicals and converge into materials that serve
specific functions as consumer products. Then raw
material base for the petrochemical industry prima-
rily depends upon the types of intermediates and fi-
nal products required by industry and the consumer.
Almost all petrochemicals are derived from three
sources:

- Carbon monoxide/hydrogen (synthesis gas) from
steam reforming of natural gas (methane)

- Olefins from thermal reforming of ethane, pro-
pane -butane (LPG) or distillates in the olefin cen-
ter

- Aromatics from catalytic reforming.

There are also refinery streams used for Petro-
chemical (Table 1). The three main source for petro-
chemicals lead to products which are marketable
items in their own right, as well as raw materials for
a great many other petrochemicals used both as in-
termediates and as finished products.  Production of
synthesis gas, low olefins and low aromatics, and their
chemical derivatives are described briefly.

Table 1
Refinery Streams use for Petrochemicals

II. SYNTHESIS GAS

A. Production of Synthetic Gas

Synthesis gas, syn gas, is a general term used to
designate various mixtures of carbon monoxide and

Refinery Stream Petrochemical 

 Basic Petrochemicals 

 FCC Offgas  Ethylene 

 FCC Olefin  Propylene, Butylene

 Reformate  Benzene, Toluene, Xylene  

 Petrochemical Intermediates 

 LPG  Olefin 

 Naphtha  Olefin 

 Gasoil  Olefin 

 FCC Ethylene  Etylbenzene 

 FCC Propylene  Methylethylketon 

 FCC Butylene  Cumene, Isopropanol, Oligomer

 Kerosene  n. Paraffin 

 FCC Light Cycle Oil  Naphthalene 
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Figure 1
Major compounds derived directly or indirectly from methane

fin used for the production of petrochemicals are eth-
ylene, propylene and butadiene. However these prod-
ucts are inseparable. There are generally produced
in various ratios by cracking of feedstock as  shown
on Table 3.

In both countries of United States and Europe,
heavier feedstocks are playing a greater role in eth-
ylene production.

One of the advantages of naphtha over gas feed–
stocks is wider spectrum of coproducts therefore a
variety of coproducts can be obtained. The additional
pyrolysis of gasoline (liquid products) causes for the
additional BTX formed (Table 4).

B. Chemical from Low Olefins

1. Ethylene

A basic reason why ethylene CH
2
 = CH

2
 is a

prime raw materials for petrochemicals is that it is
readily available at low cost and in high purity.  Ethyl-
ene reacts by addition with low cost material such as

oxygen, chlorine, hydrogen chloride and water to pro-
duce petrochemical compounds,  moreover the reac-
tions take place under relatively mild conditions and
usually with high yields.  It enters into the production
of about 30% of all petrochemicals.  Derivates of
ethylene are used for the production of plastics (65%),
antifreeze (10%), fiber (5%), and solvents (5%).

Ethylene and many ethylene derivatives are used
to produce polymers, which is the largest percentage
of ethylene utilization, such as polystyrene, polyester
and polyvinyl chloride.

2. Propylene

Propylene, CH
3
 – CH = CH

2
, often offered as

the crown prince of petrochemical. It is superficially
similar to ethylene, however each of which has many
differences either in production or uses.

Petrochemical demand for propylene is about
one–half of the demand for ethylene. This is some-
what surprising because the added complexity of the
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IV. LOW AROMATICS

A. Production of Low Aro-
matics

Catalytic reforming process of
heavy naphtha produces refor-
mate containing low aromatics
(BTX).  The composition of the
C6–C8 aromatic of reformate  is
shown in Table 5.

Catalytic reforming process of
heavy naphtha is an important pro-
cess in the aromatic center.

B. Chemicals from Low
Aromatics

Benzene, toluene and xylenes,
(BTX) are aromatic hydrocarbon,
with a wide use as petrochemicals.
They are important precursors for
plastics such as nylon, polyure-

Figure 2
The chemical application of the n – butanes

Figure 3
The chemical application of isobutylene, exclusive of polymer formation
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Figure 4
The principle industrial compounds derived from butadiene

thane, polyester, alkyd-resins, and phthalate plasticiz-
ers. These represent the large scale applications.  On
the lesser scale they are precursors for insecticides,
weed killers, medicinal, and dyes.

1. Benzene

Benzene C
6
H

6
, is the simple aromatic hydrocar-

bon and so far this aromatic compound is the most
widely used in petrochemical industries. The initial
derivates  of which in turn are used to make con-
sumer product.

The final products are
frequently polymers which
means the chemical ben-
zene is a large volume pet-
rochemical.  Initial used of
benzene are as follows:
Ethylbenzene ethylene –
50%, cumene – 15%, cy-
clohexane – 15%, nitroben-
zene – 5%, maleic
anchydride – 4%, and
other – 11%.  The styrene
is produced by
dehydrogeration of
ethylbenzene.  The styrene
market is as follows:  poly-
styrene – 61%, styrene
butadiene rubber – 9%,
acryconitril butadiene sty-
rene  – 7%, unsaturated
polyester – 7% and other
– 8%.

Cyclohexane, C
6
H

12
, is

produced by hydrogenation of benzene.  Cyclohex-
ane is used almost exclusively in the production of
intermediates for nylon fibers and resins, with 60
percent to nylon 66 and 30 percent to nylon 6.

2. Toluene

The application of toluene in petrochemical in-
dustries are as follows: solvent – 35%, toluene
diisocyonate – 21%, benzyl chloride – 6%, benzoic
acid – 6%, phenol – 3%, trinitrotoluene – 3%, and

Table 5
The composition of the C6 – C8 Aromatic of Reformate Structure
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thalate, DMT. Pure fiber grade terephthalic acid is
called PTA. Current production capacity is about
evenly split between PTA and DMT. The trend is
toward PTA expansion rather than DMT.

The two p–xylene derivatives PTA and DMT,
have only one major use, i.e. the synthesis reactivity
to polyethylene terephthalate fiber (85 percent) and
film.

However, at least two other types of terephtha-
late esters are growing in importance. These are un-
saturated polyesters and polybuthylene terephthalate,
PBT, which are available as thermoset plastics.  PBT
is one of the fastest growing injection molding plas-
tics.  A lesser extent TPA is used as an intermediate
substance for herbicides, adhesive, printing inks, coat-
ings, paints, and animal feed supplements. Several
petrochemical industries built in Indonesia are as
shown in Table 6.

V. CONCLUSION

Feedstock source of petrochemical process are
mainly based on the three following molecules i.e.
synthesis gas, low olefin and low aromatics. These
three main sources for petrochemical products which
are marketable items is their own right, as well as

raw materials for a great many other petrochemicals
used both as intermediates and as finished product.

Steam reforming processes are used in the fertil-
izer industry, methanol plant and hydrocracking pro-
cess. While thermal reforming is used in olefin plant.
catalytic reforming process is applied in aromatic
center.
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