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INTRODUCTION.

Petrochemicals are usually thought of as products made from
crude oil. However, the name covers a much wider group of products
derived from a hydrocarbon or hydrogen raw material commonly referreo
to as feedstock. The hydrocarbon or hydrogen feedstock may be
produced from crude cil or natural gas. Some hydrocarbons can
also be produced from coal during the calcining process to make coke.
Products made from coke ove: hydrocarbons have chemical
compositions similar to those derived from crude oil. Therefore,
in this study they will be classified as petrochemicals.

Petrochemicals satisfy an essential need in modern society.
However, the public is expocsed only to a number of chemicals and mostly
in a finished form. In most other instances the use of
petrochemicals is transparent. The origirn of the product is not
obvicous to the user. These uses scan the full spectrum from
essential products such as pharmaceuticals and focod, to the
necessary products such as clothing, detergents; and paints, to
disposable packaging comporients.

Because cof the large number of products, a1t is useful to
classify petrochemicals into groups. In this study, the
classification will be based on the degree of upgrading
to which the product is expesed. RAccordingly petrochemicals can
be divided into thiee groups :

1. Primary products.
2. Intermediates.
3. Finished products.

1. Primary products are simple molecules which can be used
as building blacks to producz intermediates and finished
products. They include ethylene, propylene, the butylenes,
berizere, toluere, xylene, methanocl, and ammonia.

2. Intermediates include all products which have received
orie ¢~ more upgrading steps. By definition, they all fall cne
step short of the firnished products.

S. Finishec products are petrochemicals upgraced to a level
which makes them useable by the public with minimum or no further
processing., They include commodities such as Jetergents, paints,
inks, textiles, plastics, housewares, fertilizers, pesticides, and
compornents of capital gocds.

RAW MATERIALS.
Hydrogen.

Hydrogeri is a primary raw material for the production of
petrochemicals. It is noct available free in nature. It is
prepared commercially by the steam reforming of methare, the
magor constituent of natural gas, or naphtha, a refinery stream
produced from crude oil. It can also be produced by the
electrclytic hydrolysis of water. However, it is ircluded in this
study because it is mostly produced from crude oil or natural gas.




Hydrogen is used to saturate olefinic functions in
intermediates and finished products. However, its major use is in
the production of ammonia and methanol.

Natural Cas.

Natural gas is found in nature associated with crude oil
deposits, It is also found in geologic formations alone.
It is a rion-renuable resource containing mostly methane. It can
also contain minor quantities of the following components @

- Ethane.

- Propane.

- Rutare.

- higher mclecular weight liguids.

Depending on the deposit, it can also contain other
contaminants. FRssociated gas usually contairns relatively high
concentrations of liquids.

Irn addition to its use as a clean burning fuel, it is used
as a petrochemical feedstock. Its use for the production of
hydroger. was .described in a previous section of this report. While
producing hydrogen, carbon mornoxide is also produced. The two
products react to give methanol.

When hydrogern is allowed to react with nitrogen under
specific conditions, ammcnia is produced.

Ethare is used as cracker feedstock for the production of ethylene.

Propare and butane are usually sold as liquified petroleum
gas (LPG)., They cculd alsc be used as cracker feedstocks to
produce ethylene, propylene, and butylenes.

The higher molecular weight hydrcocarbons are used as
casaline blernding comporents.

Crucde 011.

Crude 011 complements natural gas as a feedstock for the
petrochemical industry. Ivi most cases, a refinery processes the
crude and prcduces certain streams which can be used by
netrochemical operatiors.

The mairn crude o1l components used by petrochemical
operations are naphtha, reformate, and gas oil. These components
contain higher molecular weight hydrocarborns, essential for the
production of some petrochemicals, and not available in natural gas.




THE REFINERY PETROCHEMICAL INTERFACE.

The primary objective of a refinery is to produce fuels to
satisfy the demand of a specific market. These fuels include
gasoline, kerosene, distillates, and residual fuel o0il. When the
market demand for the various fuels does not match the product
slate obtained from the crude oil available to the refinery,
additional process units are added to alter the product slate.
These units produce products of value to the refinery arnd to any
associated petrochemical facility.

Vacuum Tower fAnd Cracker.

A vacuum tower is added to increase the white products
cbtained from the atmospheric tower bottoms. These additional
distillates have a relatively high molecular weight. Therefore
they are processed in a cracker to produce fucels of the desired
boiling range. In this prcocess clefinic by—-products such as
of f-gases, propylerne , and butylenes are obtained. The major
use of the off-pases is as refinery fuel. If a chemical facility
1s available, the off-gases can be cracked further to produce
ethylene.

The propylerne and butylenes can be sent to an alky'ation or
polygas unit to produce additional high octane gasoline blending
components. They could also be separated, purified and used to
produce petrochemicals. The refiner determines the ultimate use
of these clefinic by-products as a result of his rieed for clear
octane barrels to match the market demand. The alternate use of
these producte as petrochemicals is considered viable when they
carn cive higher netbacks to the refiner. RAs suth they increase
the profitatility of the refirnery as a ~hole.

Refcrmer.

The rnaphtha stream obtained in the refirery can be treated
1in a reformer to increase its octane value. This is accomplished
by converting straight chain hydrocarbons into riaphtheres and
cehydrogenating the rniaphthene rings to produce aromatics. The
most i1mportant components of the reformate stream are berizerne,
taxluene, and xylene.

The reformate can be blernded into the gascline poole or can
be separatec into 1ts components. The aromatic components are
primary petrochemicals which can be used to produce a variety
of derivatives. When the aromatics are extracted from the
reformate, a stream composed mainly of paraffinic rnaphtha is
obtained. This stream has a low octane value. However it can be
upgraded into regular gasoline by the addition of lead alkyls,

As the amounts of lead in gasoline are reduced, for environmental
arnd health reasor., this stream lcoses scme of its value as a
gasoline component. It remains, however, a valuable feed for
crackers to produce basic petrochemicals.




Naphtha.

A sigrificant side stream from a refinery operation is
straight run naphtha. It is a gasoline blending component. It is
also an essential feedstock for petrochemical pl'ants. Western
Europe and Japan have, over the years, relied heavily on naphtha
as the basic raw material for their petrochemical industries. The
petrochemical industry in the United States used na%tural gas
liquids as the basic raw material and relied on naphtha to
complement the quantities and the product slate obtained from
both raw materials.

The demand for aromatics, butylenes, and propylerne make
naphtha an indispensable raw materiel for basic petrochemicals.

Other Refinery Streams.

Refineries procduce other side streams which can be processed
further to produce various fuels and chemicals. Tnese include
atmcspheric and vacuum gasoil, proparne, and butare. These
products can be used by both industries arnd the decision as to
who uses them depends on economic and supply and demand consideratiors.

The Irnterface.

Refireries and petrochemical plants carn be operated in a way
that mares both operations more profitable. The petrochemical
operation can start with low vaiue by-product streams from the
refinery and produces high value added products. At the same time
these products are used to improve the quality of life in modern scciety.

PETROCHEMICAL PRODUCTS.

The primary petrochemicals were listed in an earlier section
of this report. Also the intermediates and finished producte were
gefiried. This section will follow the sequernce of upgrading of
primary peatrochemicals and describe the markats of the finished products.

ETHYLENE.

Ethylene is produced by cracking ethane, LPG, naphtha, or
vacuum gas oil, It is the simplest ard most widely used
petrochemical building block. Whern rnaphtha or vacuum gas cil are
used as cracker veedstocks, cther primary petrochemicals are
produced as by-products; these include propylerne, butyleres, and
arcmatics., This close production linkage dictates the pricing
structure for all cf these products.

Ethylere is used tc produce a wide range ¢f intermediates
and firnished products. A listing of the most important ethylene
der-ivatives is shown in chart I, They include the fcollowing :




Polyethylene.

When ethylene is treated under selected temperatures and
pressures in the presence of catalysts, it polymerizes to give
polyethylene. If othz2r monomers are included in the reaction
mixture, polyethylenes having different properties will be
formed. These polymers are long carbon backbones which may have
different numbers of side chains with varying length.
Polyethylernes are divided into three classifications :

1. Low density polyethylene (LDPE).
2. Livnear Low Dernsity Polyethylene (LLDPE).
=. High Density Poclyethylene (HDPE).

Polyethylene is used tc produce cornsumer goods such as film
and sheet, injection and blow molded products, wire and cable, and
pipe ano conduit. These erd products are used in packaging,
households, and as components of capital goods.

Ethylerne Oxide.

The addition of an oxygern atcm to the ethylene molecule
gives ethylene oxide. The oxide can be converted to ethylene
glyccl which is most commonly known for its use in antifree:ze
preparations. However, it is also used for the production of
polyzster fiber and film.

Ethylere oxide is also usec to produce polyethylene glycols.
These products are used as brake fluids as well as solvents. They
carn also react with isocyarates to produce polyureth=-es.

Ancther derivative of ethylerne oxide 1is the polyethers.
These are nonionic surface active agents which are used in
cetergent formulations.

Ethylere oxide can alsc react with ammonia to prcduce
etFanolamines and morpholine. These products are used in rubber
formulations, adhesives, polishes , and corrocsion irhibitors.

Ethyibernrene

Ethylene can react with berzerie to produce ethylbenzene
which is converted to styrene. The uses of styrerie will be
discussed under berzene derivatives.




Ethylene Dichloride.

Ethylene can be treated with chlorine under appropriate
conditions to produce ethylene dichloride (EDC). Aside from its
use as & solvent, EDC is converted to vinyl chloride monomer. The
monomer is pelymerized to produce nolyvinyl chloride (PVC).

PVC is used extensively in the manufacture of plastic pipe.
It is also used for the proeduction of film and sheet, ficor tiles,
wire and cable coatings, and automotive anc home furnishings.

Rcetaldehyde.

Ethylene can be oxidized to produce acetaldehyde which is
converted to acetic acid. Aside from 1its use as the active
ingredient in vinegar, acetic acid is used in the production of
vinyl acetate. Derivatives of vinyl acetate ‘nclude polyvinyl
acetate and pclyvinyl alcohol. Both products are used as
components of adhesives and other industrial compounds.

Rcetic acid can also * converted to acetic arhydride which
is used in the production of cellulose acetate film and fiber.

The esters of acetic acid are used as comporients of
industriai solvents.

Ethanol.

Historically ethanol was prnduced by the fermerntation of
sugars. Hcowever, with the advent of inexpensive ethylenz, the
pricduction of etharncl by the hydration of ethylene becamrm~
economically viable. Absolute ethyl alcohol can be used as a
solverit or can be reacted with acrylic acids to produce acrylates.

Alpha Olefins.

Ethylerne car. be polymerized to produce alpha olefins with
carbon chains rarpging from 4 to 18 carbors. The C-4 to C-10 can
be usec as comonomers 1in the production of polyethyleme. They can
alsc be converted to alcohaols which can react with phthalic acids
to produce plasticizers fcr use in PVC formulations.

The C-1Z to> C-18 olefins can be converted to linear alkyl
sulvonates which are used in synthetic detergents. They can also
be used to produce alkyl benzene which is sulforiated to produce
lirear all',1 berizerie sul fonate.

The C-12 to C-18 can also be coriverted to alcohols which can
be used as sclvents or treated with ethylere oxioe to produce
ronionic surface active agents. The most important application of
the C-12 to C-18 olefinrn. is in the productiorn of detergents. They
sursass previcus gerierations of detergents in that they are more
bicdegradeable.




Other Ethylerne Derivatives.

Ethylene is also used to produce smaller volumes of other
cerivatives such as ethyl halides and ethylene propylene
elastomers. The halides are used to produce more complex
petrochemicals., The elastomers are used &s rubber components.

ETHYLENE END USES IN THE USAR, WESTERN EUROPE, AND JARPAN.

The United States, Western Europe, and Japan constitute the
largest world markets for ethylene derivatives. Chart & shrws the
1383 demand for these products in each of the three markets. The
demand 1s broken by end use.

The USA consumed about 12 million torns of ethylene in
1383. Pclyethylene accournted for 49% of that demand. Ethylere
oxide accounted for 174 and EDC and styrerne accounted for 14 and
7% respectively,

Western Europe crnsumed about 12 million tons of ethylene
in 1983. Polyethylene accounted for 55% of that demand. Ethylene
oxice, EDC, and styrerie accounted for 11, 18, and 7% respectively.

Japarn comsumed about 3.7 million tons of ethylene in 1983,
Half ¢f the consumption went into polyethylerne prod —tion.
Ethylene oxide, EDC, and styrerne accounted for 11, s and 3% respectively.

ETHYLENE AND ITS DERIVATIVES IN SYRIA.

Ethylere and its derivatives, at the internmediate and
finished product level, are not presently produced imn Syria. Some
cf the firnished products are used. However, these are imported.
The market size 1s small and the country does rncot presently have
inherent advantages to ernable Syria to enter the world markets.




PFROPYLENE.

Propylene is cobtained as a by-product while cracking naphtha
or heavier liquids to produce ethylene. It is alsc produced in
cat crackers in refineries. R listing of the intermediates and
the final propylene derivatives of commercial importance is shown
in chart 3. The following is a description of the end uses of
these derivatives.

Polypropylene.

When propylere is pclymerized under appropriate conditions
polypropylene is produced. It is a versatile polymer with a
variety of end uses. It is used to produce fibers for carpets and
textile. These fibers have properties which make them superior to
ratural fibers in some applications such as carpet backing. It is
alsc used to prcduce ron woven fabrics used in diapers and
packaging.

Polypropylerie i1s also used to produce film and sheet. Also,
a variety of consumer goods can be produced by injection molding
polypropylerne.

Scme preoperties of polypropylerne make 1t superior to
polyethylere in certain applications.

Rerylonitrile.

Urder proper conditions propylene reacts with ammonia to
form acrylonitrile which is usec to produce acrylic fibers and
ritrile rubbers. It can also react with styrerne to produce
styrene acrylonitrile resins (SAN) and with butadiene and styrene
tc produce acrylonitrile butadiere styrene (ABS) trolymers.

Acrylonitrile is also used in the manufactuire of some nylons.
Propylene Oxide.

Propylere reacts with oxygen urider specified conditions to
proguce propylene oxide. The oxide can e converted to glyccols or
polyether polynls. The glycels are uszd in the manufacture of
ursatur ated polyesters which are in turn used for the production
of fiber glass backed equipmernt such as boats and automotive
parts.

The pclyether polyocls react with isccyanates to produce
rolyurethanes. These products find application as foams for
seating in furniture and transportation equipment. They are also
ised as engineering plastics because of their strength and
~esi1stance to corrosion.




Acetone.

Propylene can be hydrated to isooropyl alcohol (IPR) which
is used as a solvent and a comporent of rukbing alcohol
formulations.

Iscpropyl alcochol can also be dehydrogenated to produce
acetone.

fnother commercial source of acetone is cumene which is
obtained by alkylating benzene with propylene. The cumane is
converted to cumene hydroperaxide which is then decomposed to
acetone and phenol. The phernol applications will be discussed
urider berizere derivatives.

Aside from its use as sclvent, acetone is used in the
manufacture of methyl methacrylate, butyraldehyde, and bis—-phenol
A. M=thyl methacrylate is used to produce acrylics. Butyraldehyde
is convertied to butyl alcchol and 2-ethyl hexanol. Eoth products
are used as solvents and as plasticizer alcohols. Eis—phenol A is
used in the manufacture of polycarbonates and epoxy resins. The
products are important engineering plastics.

Epoxy resins are obtained from the reaction of bis—phenol A
and epichlorchydrin, arncother propylene derivative.

Acrylic Acid.

Propylene is also used in the manufacture of acrylic acid
which can be converted to acrylates. These products are us2d in
paints, emulsifiers, adhesives, and pclishes.

Other Propylerie Derivatives.

Other derivatives of gropylene include higher clefins such
as heptene, nonerne, and dodecene. These products are alkylating
agents faor phencl and berzerne. The alkylates are used tc produce
ari-nic and nonionic surfactants.

PROPYLENE MAJOR END USES IN THE USR, WESTERN EUROPE, AND JRPAN.

The united States, Western Eurcope, and Japan have the worlas
largest domes*ic markets for propylere deravatives. Chart 4 shows
the demand for propylere in 1983 in these markets by end use.

The United States consumed aboui €.4 millior tons of
propylene in 13832. The largest erd use was polypropylene
accounting for about 33% of total demarnd. Rcrylonitrile was
second using about one million tons of propylene equivalent to
174 of demard. The cther derivatives consumed between 450 and €70
KT each.




Westerr Europe consumed about 6.5 million tons of
propylene, slightly exceeding the american consumption.
Polypropylene was the largest concsumer of propylene in Western
Europe accounting for about 2.1 million tons equivalent to 33%
of the demand. Acrylonitrile and cumene accounted for 17 and 8%
respectively of the propylene demand.

Japan consumed about 2.6 million tons of propylene in
1983. 432X of the cemand was converted into pclyprcpylene and 21%
into acrylonitrile. The other major derivatives were iscpropyl
alcohcl, cumene, and propylene oxide.

PROPYLENE AND ITS DERIVATIVES IN SYRIR

iylene and its derivatives are not presently produced in
Syria. However finished prooylene derivatives are imported into
the country. These include polypropylene, polyurethanes, epoxy
resins, alkylates, acrylates, and nylons. The domestic market has
been ton small to justify production of these derivatives.

BUTYLENES.

The butylene stream contains butadiene, butere-1, butere-g&,
and 1sobutylere.

Chart 5 shows the derivatives of butadiene. most of them are
pclymers pgenerically classified as rubbers. They include styrene
butadierie rubber (SEBR) which is used extensively in the
meniufacture of automobile tires.

Polybutadierie, rnecprerne, and nitrile rubbers are alsc made
from butadiene and are used by the automotive industry.

Butadiere is alsc used in the manufacture of RABES arnd rnylons.
Both of these poclymers are used as engineering plastics.

Another derivative of butadierne is styrene butadiene latex.
This ciass <V compounds is best known for its use in water based paints.

Buterie-1, Butere-2, and iscobutylerie are raw materials for
the production of polybuteres. They are also used in the
marufacture of alcohols for solsent applicatiorns.

THE BUTYLENES AND THEIR DERIVATIVES IN SYRIA.

Butad}gpe, the bugxlenes, and their derivatives are not
produced In Syris. However, the finished rubbers and latex are
imported into the country. SBR is impcrted for the manufacture of

automotive tires. The latex is 1mported for use in paint formulations.

The Syrian domestic market has been tco small to Justxfy the
rmanufacture of these’ products in"the country. }




BENZENE

Berizene is ggg_g}mplesp aromatic nucleus. As_such it has
charecternstxcsﬂhhxch.make (it a useful building block. Chart €
contains a listing of the most important benzerie derivatives. The

following is a description of these derivatives and their markets.

Styrene.

The largest berizene erd use is in the‘manufacture of
styrene. Benzene is alkylated with ethylene to produce

eEF IEen~Ene whlch is dehydrogenated tc give styrere.

Styreme is used in the manufacture of polystyrenes which
fall 1nto three classes:

!1. Gerieral Purpose.
i @. High Impact.
i 3. Exparndable beads.

_The general purpose and high impact pelymers are used for
raking cabirviets for electronxc equxpment They are also used for
riaking film arid shéet. " They are used in packaging and housewares.

The exparicable beads are used in insulation. They are also
used in foamed to shape packaglng to protect equipment during

transportation. Arncther use of the exparndable beads is for making
cups.

The techriology is available to use all three pclystyreries in

insulation,

are used as cnmponents of capital equ;pnent.

Styrere is also used for making ABS and SAN. Ecth praducts

Styrerne butadiere rubber and latex were described urder
butadiere derivatives because both raw materials are reeded to
proguce these polymers,

Phernl.

EBerizerie is alkylated with propylere tc produce cumene which
is then treated with a percxide to produce cumene hydroperoxide.
The peroxide is decomposed to give pheriol and acetore. The erd
uses of acetone were described under propylene derivatives.

The largest ernd use of phercl is in the production of
prenclic resins. These resins are used in plywood, adhesives,
g:ass fiber insulatiorn, maulding compourds, and lamirates.

Phencl is &lso used in the production of bis—-phenol R which
is a raw material for polycarborates arnd epoxy resins. The
polycarborates are used in appliances, signs, sports and
recreaticn, and transportation equipment. They are superior tc
metals in certain applications.




The epoxy resins are used in surface coatings, adnesives,
laminates, encapsulating electrical parts, flooring, and pipes.

Cyclohexane.

Berizene can be reacted with hydrogen to produce cyclohexane
which can be used as a solvent. It can alsc be used to produce
caprolactam, adipic acid, and hexamethylene diamine. All of these
products are raw materials for the manufacture of nylons.

The nylorne can be used to produce fiber for textiles as well
as film and sheet. They can also be used to produce molded parts
for capital equipment.

Other Bernzene Derivatives.

Other derivatives of berizene include aniline which is used
to produce polyurethanes and chlorobenzenes which are used in the
praduction of pesticides. Ancther benzerne derivative is alkyl
ber-cere which is sulfonated to produce alkyl benzene sul fonates,
an essential component in detergent formulations.

—— e e m—— - f—— —_

BENZENE MQJOR END USFS IN THE USQ NESTERN EUROPE, AND JAPAN.

The Uriited States, Western Eurcpe, and Japan have the worlds
largest markets for benzene derivatives. Chart 7 shows the
berizerie demand by end use in each of the three markets for 1983,

The United States consumed about 4.8 million tons of
ber:zerie in 19832. S1% of the domestic demarnd went into the
production of ethylbernzere/styrere. Cumene and cyclohexarne
corisumed €1 and 15% of the demard respectively.

Western Curcpe was the secomd largest word market consuming
almost 4.8 millicr tons. Ethylberzerie/styrene accounted for 48%
-f the demard. Cumere and cyclohexame accourted for €0 and 14% respectively.

Japar was the third largest market consuming about 1.8
million tons. S1% went into the production of
ethylberizere/styrerne. Cycichexane was the second largest benzene
sutiet in japan accounting for about 23% of the cemand.
Cumerne/phencl were third accounting for 14% of the demand.

BENZENE AND ITS DERIVQTIVES IN QYRIQ
Berizerie and its derivatives are not presently produced ir Syria.
Howey r, flnxshed berzere derivatives are imported into the
cnuntry Qlkyl berizere sul foriates are imported for the production
of detergents and styrene derivatives are imported for production
ef packaging comporents.

The Syrian market is presently toc small to justify domestic
production of berzene derivatives. ’




TOLUENE.

Toluene is produced in ethylene crackers which use naphtha
or gas oll as feedstocks. It is also produced in refinery
reformers. In both cases it is part of an arcomatic stream which
requires seperation and purification before it can be used in
chemical applications.

A small fraction of the tcluene produced in refineries is
isolated for chemical use. The balance is kept in the reformate
and blended in the gascline pocl as an octane booster. Most of
the isclated tcluene finds a market in the feollowing chemical areas.

Ber.zerie.

The largest chemical market for tcluerne is in the production
of benzene. The toluene is treated in a hydrodealkylation unit
(HDA) under specified conditions to locse a methyl group and
produce berizerne. There is a yield loss of about 20X basis feed in
this reaction. Therefore the bernzere produced by HDR is more
expensive than the benzere produced in the reformer.

Pclyuretharies.

Toluerne is converted in a series of reactions to produce
dinitrotoluene, toluene diamire, and toluene di—-isocyanate. When
the di-isocyanate is reacted with polyols, polyurethanes are formed.

Other Toluene Derivatives.

Teluerne is used as & solvent in paints and lacquers because
of its relatively low toxicity.

Ancther market for toluere is in the production of berizcic
acid which is used as a preservative in health and beauty aids as
well as in some prepared foods and beverages. EBerizoic acid can be
oxidized further to produce phencl which is used in the
sroaduction of adhesives.

The side chair in toluerie cari react with chlorine tco produce
bernzyl chloride which cari be easily corniverted to benrnzyl alcohol.
Tre alcohol is used in industrial perfumes and cther fine chemical
preparations,

TOLUENE IN SYRIR.

Toluerie 38 produced in the Syrian refineries. However it is
not isolated. Therefore any tcluernie used domestically has to be
imported. No toluere derivatives are produced in Syria. The
domestic market for these derivatives has been too small to
Justify local proaduction.




XYLENES.

Most of the xvlernes produced in refineries is not isolated.
The arowmatic stream ctontaining the product is blended into the
gasoline pool as an octarne booster. However some xylenes are used
in chemical markets. Rside from the solvent applications, these
markets require the seperation of the three xylene isomers :
ortho xylene, meta xylene, and para xylene.

Chart 9 contains a listing of the chemical applications of
the three xylene isomers.

Orthe Xylerne.

The most important market for ortho xylere is in the
production of phthalic anhydride. The anhydride is reacted with
alcchols, such as Z2-ethylhexyl alcchol, to produce di-cctyl
phthalate, a well krnown plasticizer for PVC and unsaturated
polyester formulations.

Ortho xylere is also used as a solvent in paints, pesticide
and herbicide formulations.

Meté Xylere.

Meta xylene is converted to isophthalic acid which is used
for making unsaturated polyesters. It is also used as a raw
material for the production of fine chemicals which end in
pharmaceutical preparations and perfumes.

Para Xylene.

The most important market for para xylene is in the
production of terephthalic acid and dimethyl terephthalate. Both
products react with polyethylene glycols to produce polyesters.
The three major applications of polyesters are fiber, film, and bottles.

THE XYLENES IN SYRIR.

Xylere mixtures are produced in the Syrian refineries.
However the iscmers are not separated. The small quarntities
rneeced by the domestic market are imported.

Nore of the xylene derivatives are produced in Syria. The
doamestic market has been too small to justify the production of
these derivatives. Market demand has been satisfied by imports.

ME THANDL. .

Methariol is produced by reacting hydrogern arnd carbon
monoxide under appropriate conditions, Both raw materials are
obtained by steam reforming of methare, from natural gas, or
rnaphtha. Historically, the use of methane arnd naphtha was evenly
split. More recently, the trend has been changing in favor of
natural gas. The new methanol plants are being built close to
large natural gas fields. Several of these plarnts have been
built in the Middle East and North Rfrica.




A listing of chemical uses of methanol is shown in chart 10.

Formaldehyde.

Historically, formaldzhyde has been the major chemical
derivative of methanol. It is still the major end use of the
alcohol, however, its share of the market is declining as rnew
applications are commercialized.

Formzldehyde is used to produce pheriolic resins which
constitute an essential part of adhesive formulations. The major
market for adhesives is in forestry and lumber products.

Formaldehyde is also used to produce urea formaldehyde and
melamine formaldehyde resins. Urea formaldehyde's major end use
was in the production &of foam insulation for homes. Recently, it
was discovered that the fcam decomposes with time emitting
formaldehyde, which is a carcinogen, and exposing the residents
to the vapors. As a result the use of urea formaldehyde in home
insulatiorn has been banned in a number of countries.

Acetic Acid.

Metharol can react with carbon monoxide under specific
conditions to produce acetic acid. The acid can be converted to
acetic arhydride which is used to produce cellulcose acetate fiber
an film. Acetic anhydride can alsc react with alcohols to produce
acetates wrich are wideliy used in sclvent applications.

fecetic acid can also be used to produce vinyl acetate, a
moriomer, which can be converted to pclyvinyl acetate, polyvinyl
alcohol or ethylene vinyl acetate. All of these derivatives are
used in terxtiles and adhesives.

Dimethyl Terephthalate.

Metharol reacts with terephthalic acid to produce dimethyl
terephthalate (DMT) which is used in the productiorn of
polyesters. The reaction betweern methancl ard terephthalic acid
takes place in situ while para xyleme is corverted to DMT. New
technclogy makes it possible to produce free terephthalic acid,
without having to produce the ester, The acid is then converted
tco the polyesters.

Methyl Tertiary Butyl Ether (MTEE).

Commercial production of MTBE in world scale plants started
about 10 years agce. During this period the number of MTBE plants
has increased significantly and the product has become an
important octane booster in the gascline poole.




Future MTBE plants are expected to be limited because of
availability of isobutylene.

Other Methanol Derivatives.

Other methanol derivatives include methyl acrylates,
chloromethanes, methanolamines, and glycol methyl ethers. The
chloromethanes are used as refrigerants after the addition of
~ther halogen atoms to the molecule. The other derivatives are
used in the production of fine chemicals.

METHANOL IN SYRIA.

Methariol and its derivatives are rot presently produced in

Syria. The small quantities needed by the domestic market are
imported.




PETR \CHEMICAL MANUFARCTURING ECONOMICS.

Ammonia is the only basic petrochemical produced in Syria.
It is made in a 300 kilo ton/year plant in Homs. The ammonia
plant is part of a fertilizar complex which includes a 560
kt /year sulfuric acid plant, a 450 kt/year superphosphete plant,
a 315 kt/year urea plant, and a SO kt/year ammonium nitrate
plant.

The fertilizer complex is coperated as a fully integrated
faciiity with common management, maintenarce shops, water
treating facilities, ard labcur force. Because the complex is
fully integrated, problems affecting any cne of the units will
impact ori all the others. Also, no firnancial assessment of the
performance of any of the units can be performed without having
access to the books of the total complex. In the absence of such
access to the books, only limited estimates car be made
cerncerring the financial performarce of the separate units.

The size of the fertilizer complex, the number of jobs it
creates in the community, the guantity and value of its
production, its impact on the agricultural sector in syria, its
impact on the eccromy of the province and the ccuntry dicta’e
that a detailed analysis of the complex should be performed.

The arialysis should quantify the contributicon of the complex to
all the above segments of society, and shculd recowmmend options
for- optimizing the complex’s contribution to the Syriar. economy.

For the present report we have develcoped the computer
programs which can be used to determine the economics of
producing ammonia and urea in stand alore plants located in
Syria, Saudi Arabia, and the U. S. Gulf Coast. These programs
were used to conduct anaiyses based on hypcthetical plants
completed (cvermight) 1irn the middle of 1983. The values of raw
materials, utilities, labour, and other cost components reflect
fair market value, of these commcdities, in the respective
locations as best as we were able to determine them.

Mainterarce labour and control laboratory staff costs were
estimated using relationships to operating labour developed for

a U S. Gulf Coast plant. The cost of coperating supplies was also
related tc cperating labour., Plant overhead was eguated to BO% of
operating labour. Taxes and insurance were assumed to be equal to
2. of fixed capital. And capital was depreciated over a ten year
nericd.

The results of the aralysis are described irn the fcllowing
sections.

AMMONIA ECONOMICS.
U. S. Gulf Conast.

The plant was assumed to cost about 203
million U.S. dollars and uses natural gas as the

feedstock. The detailed breakdown of the cost compornents

is shown in chart 11. The plant gate cost, without
depreciation, was 7.24 c/1b. The product cost was
9.81 c/1b, and the product value was 15.0 c/lb.




Saudi Arabia.

The plant was assumed to cost ¢ 328 million and
uses natural gas as the feedstock. Natural gas was
assigned a value of $0.5 per thousard standard cubic
feet. The detailed breakdown of the cost components is
shown in chart 12. The plant gate cost, without
depreciation was 4.78 c/lb. The product cost was
8.53 c/1b, and the product value was 16.85 ¢/1b.

syria.

The plant was assumed to cost $ 328 million and
uses natural gas as the feedstock. Natural gas was
assigred a value of ¢ 1.5 per thcousand standard cubic
feet. The detailed breakdown of the cost components is
showr: in chart 13. The plarnt gate ceost, without
depreciation, was S.15 c/1b. The prcduct cost was 8.9c
c/1b, and the product value was 17.24 c/1b.

These results indicate that the cash cost, ie.
plant gate cost less depreciation, of ammonia produced
in Syria is lower than that in the U.S. under the
assumptions used in this study. The cash cost of the
product in Saudi Arabia ic lower than Syria, because
the Saudis assign a lower value tc natural gas.

UREA ECONOMICS.

U. S. Gulf Coast.

The plant was assumed to cost ¢ 72 million. Chart

14 shows the detailed breakdown of the cost components.
The plant gate cost less depreciation was $.3 c/1b. The
product cost was €6.35 c/1b, and the product value was
8.17 c/1b.

Saudi Arabia.

The plant was assumed to cost ¢ 115 million. Chart

1S5 shows the detailed breakdown of the cost component s.
The plant gate cost less depreciation was 4,94 c/1b.
The product cost was €.43 c/lb, and the product value
was 9.335 c/1lb.

Syra.

The plant was assumed to cost % 115 million. Chart

16 shows the detailed breakdown of the cost comporients,
The plant gate cost less depreciation was .32 c/lb.
The product cost was 7.03 c/1b, and the product value
was 9.94 c/1b.

In the urea econcmic analysis, it was assumed that

the plants in Syria, Saudi Arabia, and the U. S. Gulf
paid the same price for the ammcnia feedstock. Urnder
this condition and the assumptions used in the
analysis, the cash cost of producing urea in Syria is
the highest of the three locations. However, the
differernce is relatively small.




SYRIAN DEMAND FOR SELECTED PETROCHEMICALS.

The Syrian domestic market for mrost petrochemicals is
relatively small. Invariably, the products are imported to
satisfy the market demand. We were unable to find Syvrian import
statistics to determine domestic consumption. In the absence of
such statistics we prcocbed the export statistics for the major
exporting countries for these petrochemicals and identified the
volumes they destined to the Syrian market. The results are shown
in chart 17.

Most of the imports came from western eurcpe, japan, and the
United States. Some of these products are presently, or will, in
the near future, be produced in rneighboring Arab countries.
Arranging supplies of these products from other Arab producers
might prove bereficial to all concerned.




CHART 1

ETHYLENE
Major End Uses
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CHART 2

1983 Ethylene Demand By end Use In The USAR, Europe, and japan

End Use USA
LDPE/LLDPE 3756
Ethylere oxide 2234
HDPE 2684
Ethylene Dichloride 1821
Ethylbenzene 907
Oligomers 653
Ethanol 274
Vinyl Acetate 323
ficetaloehyde 195
Other 292
Totals 13139

KT

Europe

4638
12€3
191e
2192

839

603

474

11921

Japan

1095
412
729
671
336

114
173
149

3679




CHART 3

PROPYLENE
Major End Uses
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19 82 Prooylene

End Use

Polypropylene
Acrylonitrile
Propylere Oxide
lscpropyl alcchol
Cumene

Oxo Rlcohols

Ol igomers

other

Totals

CHART 4

Demand By Snd Use In The USR,

usA

=3 & ¥4
1090
€635
458
599
543
4395
450

6412

KT
Europe

2126
1100
733
412
540
908
289
412

6520 -

Europe,

And Japan
Japan
1136

Sa42

171

300
290

1398

2637




CHART 5

BUTADIENE
Major End Uses

STYRENE
BUTADIENE
RUBBER

POLY-
BUTADIENE

HEXA-
METHYLENE
DIAMINE

NYLON 66
SALT

NYLON 66
FIBER &
POLYMER

BUTADIENE

NEOPRENE
RUBBER

ACRYLONITRILE
BUTADIENE
STYRENE

STYRENE
BUTADIENE
LATEXES

NITRILE
RUBBER




CHART 6

BENZENE

Major End Uses
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1983 Benzene Demand By End Use in The USA, Europe,

End Use

Ethylbenzene
Cumene
Cyclohexane
Aniline

Maleic anhydride
Chlorobenzernes
Dodecylbenzene
Ot her

Other

CHARY 7

USA

2462
1032
712
251
38
12€
144
42

4807

UT
Europe

2305
9c4
€70
317
144
89
233

€6

4788

and japan
Japan
947
262
422
40

€9
113

1853




TOLUENE

CHART 8

TOLUENE

Major End Uses

BENZENE

GASOLINE
BLENDING

SOLVENTS

DINITRO
TOLUENE

TOLUENE

DIAMINE

TOLUENE
DHSOCYANATE

POLY-
URETHANES

BENZYL
CHLORIDE

PHENOL

||




CHART 9
XYLENES
Major End Uses
FLEXIBLE
O-XYLENE A%”J;‘;RL"(‘):E PLASTICIZERS POLYVINYL
CHLORIDE
UNSATURATED
POLYESTER
RESINS
M-XYLENE :soprgamc (
POLYESTER
FIBERS
DIMETHYL
TEREPHTHALATE
POLYESTER POLYESTER
P-XYLENE POLYMER FILM
TEREPHTHALIC
ACID
POLYESTER
AOTTLES




CHART 10

METHANOL
Major End Uses

SORMA.DEHYDE

PENOLIC
RESNS

UREA AND

ACETR
Arerry DRIOE

WEL AMINE
FOMMAL DEHTOE
MESNS

CELL R OSE

ACETATE
FBERS & TOW

ACETIC

ACETATE
ESTERS

ETHVLENE
VIV

YINL
ACETATE
MONOWER

ACETATE

PFOLYVINTY,
ACETATE

DWETHYL
TEREMHTHALATE

ALCOrOL

POLYESTER

FIBEN & POLYMER

T,
METHACAYLATE

ACRYLIC

SHEET

“ET M.
ACRY_ATE

CAOAONET HANES

METHANOL
AMINES

OLYCOL METPTL
ETHERS




CHART 11

ammor:iia econcmics us gulf coast July 1983
plant capacity m lbs/y 38€. Q0
annual production m lbs 38€. OO0

capital costs

battery limits m s 145.70
off—sites m $ 53. 20
working capital m$ G. QO
total capital me =04, 90
variable cocsts

raw materials

methane c/scf 0. 27 3.95
chemicals & catalyst 0.08
raw materials sub tctal c/lb 4.03
utilities

conling water usg/lb c3. 40 0.16
process water usg/1b 0.13 0.01
electricity kwh/1Db 0.02 0.13
natural gas scf/1lb 9. 00 1.11
utilities sub total c/lb . 1.41
fixed costs

labou~ (cp+maintcon) c/1b 0.52
maintenance mat & sup c/1lb C. 45
plant overhead c/1lb 0.42
taxes & insurance c/lb 0. 42
depreciation c/lb 2. 08
plant gate cost c/1lb 9.32
sales admin & ré&d c/lb S%of price 0. 49
product cost c/lb 3. 81

product value c/lb 25% roi bt 15. 00




amnonia economlcs

plant capacity
annual preoduction

capital costs
battery limits
off-sites
working capital
total capital

variable costs

raw materials

methane c/scf
chemicals & catalyst
raw materials sub total

utilities

cocling water
process water
electricity

natural gas
utilities sub total
fixed costs

labour (op+main+con)
maintenance mat & sup
plant overhead
taxes & insurance

depreciation

plant gate cost
sales admin & r&d

product cost

product value

CHART 1.

saudi arabia

m lbs/y
m lbs

23
LK R O

m

c/lb

usg/1lb
usg/lb
kwh/1lb
scf/lb
c/lb

c/lb
c/1lb
c/lb
c/lb
c/lb

c/1lb
c/lb

c/1lb

c/lb

July 13983

98€. 00
I8€.. OO

22

22. 00
95. 00
0.00
3c8. 00

0.53
C. 08
0.61

c3. 40
0.13
0. 02
0. 00

0.16
0.01
0.13
1.11
1.41

0.77
0.71
0.61

8.11
0.43

SXof price
8.53

25% roi bt 1€. 85




CHART 13

ammonia econcmics syria July 1982
plant capacity m lbs/y 98€. OC
anmwual production m lbs 38€. OO
capital costs

battery limits m$ £33. 00
off-sites m$ 95. 00
working capital m$ 0. 00
total capital m$ 328. 00
variable costs

raw materials

methane c/scf 0.15 1. 60
chemicals & catalyst 0. 08
raw materials sub tctal c/1b 1.68
utilities

cooling water usg/1lb 23. 40 0. 16
process water usg/lb 0.13 0. 01
electricity kwh/1lb 0.02 0.13
natural gas scf/1lb 0. 00 0. 45
utilities sub total c/1lb 0.75
fixed costs

labour (op+main+corn) c/ib 0.75
maintenarce mat & sup c/1lb 0.71
plant overhead c/1b 0. 60
taxes 8 insurance c/1lb 0.67
depreciation c/lb 3.33
plant gate cost c/lb 8. 48
sales admin & ré&d c/1lb S%of price 0. 45
product cost c/1lb 8. 92

product value c/lb 25% roi bt 17/.24




CHART 14

' urea economics us gulf coast July 1983
plant capacity m lbs/y 986. 00
anrniual production m lbs 990. 00
capital costs
battery limits ms 40. 20
off-sites ms 31.80
working capital m s 0. 00
total capital m$ 72. 00
variable ccsis
raw materials
ammonia c/ib €.75 3. 85
chemicals & catalyst 0. )0
raw materials sub tcotal c/1b 3. 85
utilities
cooling water usg/1b 9. 30 0. 06
process water usg/lb 0.01 0. 00
electricity kwh/1b 0.01 0. 05
utilities sub total c/1lb 0.83
fixed costs
labour (op+main+con) c/lb 0.20
maintenance mat & sup c/lb 0.13
plant coverhead c/lb 0. 16
taxes & insurance c/lb 0.15
deprecilation c/lb 0.72
piant gate cost c/lb €. 03
sales admin & ré&dg c/lb S*%of price 0. 32
product cost c/lb €. 35

product value c/lb £5% roci bt 8.17




urea economics

plant capacity
arnrual production

capital costs
batter' limits
off-sites
working capital
total capaital

variable costs

raw materials

ammonia c¢/1lb
chemicals & catalyst
raw materials sub tctal
utilities

cceoling water

process water
electricity

utilities sub total
fixed costs

labour (cop+mairnt+tcon)
maintenance mat & sup
plant overhead

taxes & insurance

depreciation

plant gate cost
sales admin & r&d

product cost

praduct value

CHART

15

saudi arabia

m lbs/y
m 1lbs

m

3
UK R

m

c/1lb

usg/1b
usg/lb
kwh/1b
c/lb

c/1lb
c/lb
c/lb
c/1lb
c/lb

c/lb
c/lb

c/lb

c/1lb

9.30
0.01
0.01

S%of price

25% roi bt

July 1983

986. 00
990. 00

64. 00
S51. 00

0. 00
115. 00

3.85
0.00
3.85

0. 06
0.00
0. 05
0.21

0.5
0.20
0. 20




urea economics

plant capacity
anriual production

capital costs
battery limits
off-sites
working capital
total capital

variable costs

raw materials

ammoriia c/1b
chemicals & catalyst
raw materials sub total

utilities

cocling water
process water
electricity
utilities sub total
fixed costs

labour (op+main+con)

maintenance mat & sup
plant overhead

taxes & insurance
depreciation

plant gate cost
sales admin & ré&d

product cost

product value

syria

i1bs/y

3
I

m

c/lb

usg/lb
usg/lb
kwh/1b
c/lb

c/lb
c/lb
c/lb
c/lb
c/lb

c/lb
c/l1lb

c/1lb

c/lb

€.75

9. 30
0.01
0.01

SXof price

2S% roi bt

July 1983

990. 00
990. 00

64. 00
51.00

0. 00
115. 00

3.85
0. 00
3.85

0. 06
0. 00
0. 05
0.83

0.&3
0. 20
0.19






