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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.

1. SYNTHESIS GAS
A. Production of Synthetic Gas

Synthesis gas, syn gas, is a general term used to

Table 1

Refinery Streams use for Petrochemicals

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
FCC Propylene
FCC Butylene
Kerosene

FCC Light Cycle Oil

Etylbenzene

Methylethylketon

Cumene, Isopropanol, Oligomer
n. Paraffin

Naphthalene
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hydrogen. The mixture of CO/H, can be produced
from almost anything containing carbon and hydro-
gen from methane, coal, to crude oil residues.

Two general types of reactions are used for the
production of syn gas, i.e. partial oxidation and steam
reforming. Steam reforming is the most important
process, when methane or natural gas is used as the
carbon-hydrogen sources. Partial oxidation is prima-
rily used for heavy fuel. Table 2 gives the composi-
tions for the steam reforming of methane to produce
a 3 to | ratio of hydrogen to carbon monoxide.

CH ,+H,0 - 3H,+CO
Partial oxidation of methane
2CH, +0, —2C0 +4H,

The shift reaction is used produce pure hydrogen from
synthesis gas

CO+H, & CO,+H,

Steam reforming process of methane is also used
in the fertilizer industries, methanol plant and hydro-
gen plant for hydrocracking complex .

B. Chemical from Syn Gas

1. Ammonia

Pure hydrogen is produced from Sys Gas. Hy-
drogen combined with atmospheric nitrogen is used
for the production of ammonia.

Nlrg} * 3 H:un @2 NH.‘th

The main consumer of ammonia is the fertilizer
industry (about 80%). Anhydrous ammonia is uti-
lized as a fertilizer by direct application to soil, and in
the form of various compound such as ammonium
nitrate, urea and ammonium phosphate. Ammonia is
also used to produce plastics, resin, fibers and explo-
sives.

2. Urea

Carbon dioxide, a side product of ammonia plant
reacts with ammonia to produce area. The produc-
tion of urea is based on the two-step reactions of
carbon dioxide and ammonia. The NH3 / CO, mole
ratio is about 3:1. In the first step, ammonium car-
bamate is formed

CO,,, + 2 NH, 2= NH, COONH

2(g) 4(s)

The second step is the decomposition of the car-
bamate to urea and water.

NH,COONH, , == NH,CONH,  + HO,

Urea is an important solid fertilizer containing

~about 45% nitrogen. The fertilizer use of urea ac-
“count for about 75% of its production. Other ureas

are used as animal feeds (10%) and adhesives, plas-
tics, and resins (15%).

3. Nitric Acid

Nitric acid is commercially produced by oxidiz-
ing ammonia with air. The simple reaction is assumed,
as follows:
4NH, +50,, »4NO , +6H,0

g

2NO, +0,, = 2NO

2g)

— 2HNO + NO

(1) 3ag) (g}

3 NO 2g) + HJO

Nitric acid is mainly used for the production of
ammonium nitrate. Itis also used as a nitrating agent
for paraffins and aromatic compounds. The major
compounds derived directly or indirectly from meth-
ane are given in Figure 1.

IHHI.LLOW OLEFINS
A. Production of Low Olefins

Steam reforming process of gas and distillates
produces low olefins. The three most important ole-

Table 2

Composition of Reformed Gas and Partial Oxidation Gas

Production Process

Volume % dry sulfur free

cO Hg COE Ng + A CH2
Steam-natural gas reforming 15.5 75.7 8.1 0.2 0.5
Partial oxidation—heavy fuel oil 47.5 46.7 4.3 1.4 0.3
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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 haphtha 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, = CH, 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, - CH = CH,, 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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Table 3
Typical Yields from Various Feedstocks (Including Ethane Recycle)
Products wt. %
Feedstock -
Ethylene | Propylene | Butane [ ATOM®CS | oy
(BTX)
Ethane o4 .0 14 04 04 128
Propane 440 156 34 28 34.2
n-Butane 44 4 17.3 4.0 34 30.2
Light N aphtha 403 15.8 4.9 48 34.2
Full Range Naphtha 317 13.0 4.7 13.7 36.9
Reformer raffinate 329 15.5 6.3 11.0 35.3
Light Oil Gas 283 13.9 4.8 108 425
Heaw Gas Oil 250 124 4.8 11.2 46.6
Waxy Distil ae 283 16.3 6.4 45 445
Crude Resid 21 7 2 11 89
Crude Oil 328 44 3.0 144 454
propylene molecule should permit a wider selection
ST - Table 4
of markets. The propylene utilization are as follows, Tyoi
g . : ypical Once-Through Yields
polypropylene—29%, acrylonitrille 15%, acrylic acid from Naphtha Feedstock*
— 2% and others 13%.

The major uses of propylene oxide are in the pro- - Cracking Severity
duction of flexible foams (48%) and propylene glycol Producs L Hiah
(25%). The remaining propylene oxide are usually ow '9
produced for rigid foams, non—foams, dipropylene Methane 103 15
glycol, polypropylene glycol and isopropyl amines. Ethylene 5 g 313
% Butene Fropylene 16.0 12,1

The chemical application of 1 butene (CH,= CH- Butad 15 12
CH,~CH,), 2 butene (CH,~CH=CH-CH.) and iso- SERTE ' =
butene (CH,~CH CH,-CH,) are presented in Fig- Butanes 79 28
ures 2 and 3. BTX 10 13
4. Butadiene CH + 17 9

It was noted that while the assured future of the Fuel oil 3 6
butadiene, CH,=CH-CH=CH, lies on synthetic rub- Other™* o EE
ber the potential of butadiene is in its chemical versa- & 2 e

+sp gr BOGOF  0.712

tility. Today only about 7% of butadiene production ¥
Boiling range "C 32 =170

is utilized in other than direct polymer formation. _
Butadi lived : S : Arornatic 7

ut.a iene hE?S not lived up to its potential asa Fhemr = \weight perc ent
cal intermediate (Figure 4). The polymer distribution * Cthane (3.3 and 3.4%), acetyleng,
is : styrene—butadiene rubber (50%), polymers (20%), rrethyl acetylene, propane, hydragen
and other rubbers (10%).

146



PETROCHEMICAL INDUSTRIES
A.S.NASUTION, ETAL.

LEMIGAS SCIENTIFIC CONTRIBUTIONS
VOL. 33. NO. 2, SEPTEMBER 2010: 143 - 150

IV. LOW AROMATICS

A. Production of Low Aro- —- Polybutene
matics 1-Butene —=
" £
Catalytic reforming process of —— Bulylene oxide, CH,-CH,-CH-CH,
heavy naphtha produces refor-
mate containing low aromatics —» sec-Butanol CHy-CHOH-CHp-LH,
(BTX). The composition of the
C6-C8 aromatic of reformate is -
shown in Table 5. " ME::{;;“F' CH,-G-CH,-CH,
Catalytic reforming process of i-Butenc '
heavy naphtha is an important pro- OF  ———pt——t Agelic acid CH,-L-Oh
cess in the aromatic center. 2-Butene
_ CH-C = O
B. Chemicals from Low - NMaleic anhydride W -0
Aromatics CHC=0
Benzene, toluene and xylenes, L Bulaciene CH, = CH-CH = CH,
(BTX) are aromatic hydrocarbon,
with awide use as petrochemicals. Figure 2
They are important precursors for The chemical application of the n — butanes
plastics such as nylon, polyure-
CHs
— tert-Butyl alcohol CH,-COH-CH,
H P H
—*Methyl tert-butyl ether c 3'0;{00 3
3
2o
— |sobutylene oxide CH,-C-CH,
-
O
: - CH,
—1, 2-Diisobutylene glycol  CH,-COH-CH,OH
lsobutylene - CH. ©
Isobutene g N
——»-Methacrylic acid CH, = C-C-OH
cH, QHcH
CH,C — -CH,
——»2, 6-Di-tert-butyl-p-cresol CH, “CH,
CH,
y CH CH
a 3
—= Diisobutylene CH,- -CHE-¢ = CH,
Hy
—"Heptene”
P G?HH

Figure 3
The chemical application of isobutylene, exclusive

of polymer formation
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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 CH,, 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

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

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

Butgi engm—m

e —

1 4 PEamstany. L birkan
d-Ciaceiany-bukne

1.4 Butanedin LA ARl

polyester — 7% and other
- 8%.
Cyclohexane, C.H,,, is

12

Figure 4

The principle industrial compounds derived from butadiene

Table 5
The composition of the C6 — C8 Aromatic of Reformate Structure
ty . -Gy
e @ | & |G |Fa | G | S
. Hy,
Name  Benzene | Toluene | O.xylene | M.xylene | P.xylene Ethy!
) ) ) Benzene
Vol % 10.3 33.7 12.9 21.7 8.1 9.3
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other including export — 26%. The major endproducts
from the chemical use of toluene are shown in
Figure 5.

3. The Xylenes

The xylenes are obtained from refinery reformate
streams where the yield or mixed xylenes plus
ethylbenzene (the C, aromatics) is greater than that
of the combined vyield of benzene and toluene. The

weight percent of the C8 aromatics composition of

reformate is as follows: o.xylene —
20.1%, m.xylene — 40.4%, p.xylene —

duced via liquid phase oxidation of m—xylene by us-
ing of ammonium sulfite (NH,),SO,.

The use of isophthalic acid are similar to those of
the other phthalic acids. This polyesters have better
toughness, resistance to abrasion, resiliency and free
from cracking and cracking reactions.

c¢. Para-xylene

Virtually the only use of p—xylene is for produc-
tion of terephthalic acid, TPA, and dimethyl tereph

18.3% and ethylbenzene 21.2%.
a. Ortho Xylene

About 75% of oxylene is oxidized to
produce phthalic anhydride. The single
largest use (48%) of phthalic anhydride
is for the production of plasticizers for
polyvinyl chloride. (PVC). The second
most important use (24%) is in the pro-
duction of polyester resins; 20 percent is
used for alkyd resins.

b. Metha Xylene

Meta xylene is the least of the three
isomeric xylenes used in petrochemical
industries. At present the major usage m-
xylene is isomerization to the more de-
sirable aromatic hydrocarbons such as :
o —and p— xylenes. The most important
petrochemical interest is its oxidation to

Tolugng ~———————t |

= Hydrodealeylation —s= Berzene + Methane
= Disproportionation —e- Benzene + Xylenes

|—- Trinitrotolene — TNT

i—-— Mitration —-i

= P4-Dinitrotoluene  —= Urethanes
—== Benzaidehyde

|
= Oxidation —-] = Berzene + Terephthalic acid

| |
| = Benzoic acid v-[: Phencl
| Caprolactam

—= Nylon-§
|,_. Benzyl chioride —= Benzyl alcohol
1= Chigrination —-!—- Benzal chioride —= Banzaidehyde
IL-c- Benzotrichloride —» Benzoic acid
= Dehydrocoupling —w Stifbene —= Styrene —= Polystyrens

= Carbonylation —= p-Tolualdehyde —e= Teraphthalic acid —= Polyesters

isophthatic acid. An interesting new syn-
thesis is oxidative ammonolysis to
isophthalonitrite. [sophthalic acid is pro-

Figure 5

he major and endproducts from the chemical use of toluene

Table 6
Petrochemical Industries in Indonesia

Fertlizer Industries

Asean and PIM (Aceh), Pusri (South Sumatera), Kujang (West
Javal Kaltim (East Kalimantan)

Methanaol Plant

- Bunyu (East Kalimantan)

Petrochemical Industries

 Gresik (East Java)

Hydmgen Hant

- Refinery (P 1l Dumai, UP.\ Balikpapan and UP. ™ Balongan)

Olefin Center

- PT Chandra Asih, Cilegon

Ararmatic Center

- UP.IY Pertarmina Cilacap

Paolypropylene

- UP. Pertatmina Flaju

Furified Therephthelate Acid

cUP I Pertamina Plaju
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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.

REFERENCES

1. Lewis F. Hatch and Sami Matan (1981), From
Hydrocarbons to Petrochemical, Gulf Publ. Co.,
London.

2. David S. Glass (2000) The Petrochemical Inter-
face, Modern Petroleum Technology, Volume 2,
Downstream, Sixth Edition, John Willy and Sons.
Ltd. New York

3. Nasution, A.S. (1982) Proses Perengkahan
Termal, Lembaga Publikasi Lemigas, No.1,
Vol.XVII, 1983.

4. Nasution, A.S. (1983) Pusat Aromatik, Lembaran
Publikasi Lemigas, No.1, Vol.XVI1l, 1983.

5. Nasution, A.S. (1994) Catalytic Reforming for
Aromatic Production Refinery, LNG and Petro-
leum Asia "94 Seminar, Singapore.”

150



	LSC V33 NO 2 TH 2010 P08
	As nas hal 143
	Binder1.pdf
	As nas hal 144
	As nas hal 145
	As nas hal 146
	As nas hal 147-148
	As nas hal 149
	As nas hal 150



