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INTRODUCTION. 

Petrochemicals are usually thought of as products ~ade from 
crude oil. However, the name covers a much wider group of products 
deri~ed from a ~ydrocarbon or hydrogen raw material commonly referreo 
to as feedstock. The hydrocarbon or hydrogen feedstock may be 
produced from crude oil or natural gas. Some hydrocarbons can 
also be produced from coal dl;.ring the calcining process to makP- coke. 
Pr"'c•ducts made from coke ove~·· hydrocarbor1s have chernical 
cornpositions similar to tt>ose derived from crude oil. The;-efore, 
in this study they will be classified as petrochemicals. 

Petrochemicals satisfy an essential need in modern society. 
However, the public is exposed only to a number of chemical~ and mostly 
in a finished form. In most other instances the use of 
petrochemicals is transrarent. The origin of the product is not 
obvious to the user. These uses scan the full spectrum from 
essential products such as pharmaceuticals and food, to the 
necessary products such as clothing, detergents; and paints, to 
disposable packaging components. 

Because of the 1 arge r1umber of produc-ts, it 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 exposed. Accordingly petrochemicals can 
be divided into tt-n~ee groups : 

1. Primary products. 
2. Intermediates. 
3. Fini~hed products. 

1. Primary products are simple molecules which can be used 
as building blocks to produc~ intermediates and finished 
products. They include ethylene, propylene, the butylenes, 
benzene, toluene, xylene, methanol, and ammonia. 

2. Intermediates include all pr·~d•..acts which have received 
one or more upgrading steps. By definition, they all fall one 
step short of the fini~hed products. 

~· Finished products are petr~chemic3ls upgraded to a level 
w~ich makes them useable by the p~blic with minimum or no further 
pr•:•cess1ng. They ir1cl•..1de cornrood~ties such as jete!'"gerrts, pair1ts, 
ir1~s. textiles, plastics, ho•.isewares, fertilizers, pes~icides, and 
components of capital goods. 

RAW MATERIALS. 

Hydrogen. 

Hydrogen is a primary raw material for the production oi 
petrochen1icals. It is net available free in nature. It is 
prepared comrnercially by the steam re~orming of methane, the 
maJOr cons~ituent of natural gas, or na~htha, a refinery ~tream 
produced from crude oil. It can also be produced by the 
electr.:-lytic hydrolysis of water. However, it j_s irr<:luded in this 
study because it is mostly produced from crude oil or n~tur"'al gas. 



Hydrogen is used to satur•te olefinic 
intermediates and finished products. However, 
the product ion of ammonia and methanol. 

Natura 1 Cas. 

functions in 
its maJOr use is in 

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

Ethane. 
Propane. 
Butane. 
higher molecular weight liquids. 

Depending on the deposit, it can als•::> contain other 
contaminants. Associated gas usually contai~s relatively high 
concentrations of liquids. 

In addition to its use as a clean ~urning fuel, it is used 
as a petrochemical feedstock. Its use for the production of 
hydrogen was.described in a previous section of this report. While 
producing hydrogen, carbon monoxide is also pro1uced. The two 
prc•d•Jcts react to give methanol. 

When hydrogen is allowed to react with nitrogen ur~er 
specific conditions, ammonia is produced. 

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

Propane a~d butane are usually sold as liquified petroleum 
~as <LPG>. They could also be used as cracker feedstocks to 
produce ethylene, propylene, and butylenes. 

The higher molecular weight hydrocarbons are used as 
~asoline blending components. 

Cr•.1de 81 l. 

Crude 011 co~plements natural gas as a feedstock for the 
petrocheM~cal industry. In most cases, ~ refinery processes the 
crude and produces certain streams which can be used by 
petrocheMical operat1o"s. 

The main crude oil ~omponents used by petrocheMical 
operations are naphtha, reformate, and gas oil. These components 
contain higher molecular weight hydrocarbons, essential for the 
production of some petrochemicals, and not available in natural gas. 



THE REFINERY PETROCHEMICAL INTERF~CE. 

The primary obJective of• refinery is to produce fuels to 
satisfy the demand of a specific ~arket. These ~uel& include 
gasoline, kerosene, distillates, and residual fuel oil. When the 
market demand for the various fuels does not m~tch the product 
slate obtained from the crude oil available to the refinery, 
additional process units are added to ~lter the product slate. 
These units produce products of value to the refinery and to any 
associated petrochemical facility. 

Vacuum Tower And Cracker. 

A vacuum tower is added to increase the white products 
obtained from the atmospheric tower bottoms. These additional 
distillates have a relatively high molecular weight. Therefore 
they are processed in a cracker to produce fu~ls of the desired 
boiling range. In this process olefinic by-products such as 
off-gases, propylene , and butylenes are obtained. The maJOr 
use of the off-gases is as refinery fuel. If a chemical facility 
is avai~able, the off-gases can be cracked further to produce 
ethylene. 

The propylene and butylenes can be sent to an alk)~3tion or 
polygas unit to produce additional high octane gasoline blending 
co1~ponents. They could also be ~eparated, purified and used to 
produce petrochemicals. The refiner determines the ultimate use 
of these olefi~ic by-products as a result of his need for clear 
octane barrels to match the market demand. The alternate use of 
these product~ as petrochemicals is considered viable when they 
can give higher netbacks to the refiner. As su=h they increase 
the profita~ility of the refinery as a ~hole. 

Reformer. 

The naphtha 5tream obtained in the refinery can be treated 
in a reformer to increase its octane value. This is accomplished 
by converting straight chain hydrocarbons into naphthenes and 
de~ydrogenating the naphthene rings to produce aroruatics. The 
most important components of the reformate stream are benzene, 
toluene, and xylene. 

The r~formate can b~ blended into the gasoline poole or can 
be separated into its components. The aromatic components are 
primary petrochemicals which c~n be used to produce a variety 
of derivatives. When the aromatics are extracted from the 
reformate, a stream composed mainly of paraffinic naphtha 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 
and he~lth reason~, this stream looses some of its value as a 
gasoline componeni. It rem~ins, however, a valuable feed for 
crackers to p~oduce basic petrochemicals. 



.....-------------- -~- -

Naphtha. 

A significant side stream from a refinery operation is 
straight run naphtha. It is a gasoline blending component. It is 
also an essential feedstock for petroc~emical plants. Western 
Europe and Japan have, over the years, relied heavily on naphtha 
as the basic raw material for their petrochemical industries. The 
p~trochem~cal industry in the United States used na~ural gas 
liquids as the basic raw material and reliEd on naphtha to 
complement the q•.Jar1tities and the product slate obtained from 
both raw r11at er i a 1 s. 

The demand for aromatics, butylenes, and propylene make 
naphtha an indispensable raw materi~l for basic petrochemi~als. 

Other Refinery Streams. 

Refineries produce other side streams whi~h can be processed 
further to produce various fuels and chemicals. Tnese include 
atmospheric and vacuum gasoil, propane, and butane. These 
pro~ucts can be used by both industries and the decision as to 
who uses them depends on economic and supply and demand considerations. 

The Interface. 

Refineries and petro~hemical plants can be operated in a way 
that ma~es both operations more profitable. The petrochemical 
operation can start with low vaiue by-product streams from the 
refinery and prod!JCes high value added products. At the same time 
these products are used to improve the quality of life in modern society. 

PETROCHEMICAL PRODUCTS. 

The primary petrochemicals were listed in an earlier section 
of this report. Also the intermediate~ and finished products were 
dRfi~ed. This section will follow the sequencP of upgrading of 
primary p2trochemicals and describe the mark~ts of the finished products. 

ETHYLENE. 

Ethylene is produced by cracking ethane, LPG, naphtha, or 
vacu 0.Jrn gas oi 1. It is the simplest arid most widely used 
petrochemical building block. When naphtha or vacuum gas oil are 
u~ed as cracker ieedstocks, ether primary petrochemicals are 
produced as by-products; these include propylen~, but~lenes, and 
arc.riiatics. This close ;n·od•.Jction lin~age dictate~; the pricir1g 
structure for all cf these products. 

Ethylene is used to produce a wide rang~ cf intermediates 
and finished products. A listing of the most important ethylene 
der·1vatives is shc•wn ir. chart 1. They ir1c:lude the follc0wir1g : 



Polyethylene. 

When ethylene is treated under selected temper~tures and 
pressures in the presence of catalysts, it polymerizes to give 
polyethylene. If oth~r monomers are included in the reaction 
mixture, polyethylenes having different properties will be 
formed. These polymers are long carbon backbones which may have 
different n•.tmbers of side chains with varying length. 
Polye+;hylenes ar"'e divided ir1to three classificatior1s 

1. Low density polyethylene <LOPE>. 
2. Li~ear Low Density Polyethylene <LLD?E>. 
~- High Density Polyethylene <HOPE>. 

Polyethylene is used tc· produce cor1sumer goods such as film 
and sheet, inJection and blow molded products, wire and cable, and 
pipe ano conduit. These end products are used in packaging, 
households, and as components of capital goods. 

Ethyler1e Oxide. 

The addition of an oxygen atom to the ethylene molecule 
gives ethylene oxide. The oxide can be converted to ethylene 
glycol which is most commonly known for its use in antifreeze 
preparations. Ho::,wever, it is also used for the production of 
poly?ster fiber and film. 

Ethylene oxide is al5o used to produce polyethylene glycols. 
These products are used as brake fluids as well as solvents. They 
can also react with isocyanates to produce polyureth~~es. 

Another derivative of ethylene oxide is tne polyethers. 
These are nonionic surface active agents which are used in 
detergent formulations. 

Ethylene oxide can also rEact with ammonia to produce 
et~anolamines and ~orpholine. These products are used in rubber 
fc.rr.rnlatior1s, adhesives, po1.1shes , arid cc•rt·c•SlC•n ir1hibitors. 

Ethylene can react with benzene to prodYce ethylbenzene 
which is converted to styrene. The uses of styrene will be 
discussed under benzene derivatives. 



Ethylene Dichloride. 

Ethylene can be treated with chlorine under appropriate 
conditions to produce ethylene dichloride <EDC>. Aside from its 
use as a solvent, EDC is converted to vinyl chloride monomer. Th~ 

monomer is polymerio::ed to produce l"lolyvinyl chloride <PVC>. 

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

Acetaldehyde. 

Ethylene can be oxidized to produce acetaldehyde which is 
converted to acetic acid. Aside from its use as the active 
ingredient in vinegar, acetic acid is used in the production of 
v\nyl acetate. Derivatives of vinyl ace~ate :nclude polyvinyl 
acetate and polyvinyl alcohol. Both products are used as 
coMponents of adhesives and other industrial compounds. 

Acetic acid can also · converted to acetic anhydride which 
is used in the production of cellulose acetate film and fiber. 

The esters of acetic acid are used as components of 
industria1 solvents. 

Ethanol. 

Historically ethanol was pr~duced by the fermentation of 
su~ars. Hcwever, with the advent of inc~pensive ethylen~, the 
production of ethanol by the hydration of ethylene beca~~ 
economically viable. Absolute ~thyl alcohol can be used as a 
solvent or can be reacted with acrylic acids to produce acrylates. 

Alpha Olef1ns. 

Ethylene can be polymerized to produce alpha olefins with 
carbor. chci ins rar.g 1 rig from 4 to 18 carbor s. The C-4 to C-10 can 
bE used as corno~omers in the production of polyethylene. They can 
also be converted to alcohol~ which can react with pht~alic acids 
to produce plasticizers for use in PVC formulations. 

The C-12 to C-18 olefins can be converted to linear alkyl 
sulionates which are used in synthetic detergents. They can al~o 
be used to produce alkyl benzene ~hich is sulfonated to produce 
lir.ear al'.:,·l ber1:zer1e sulfonate. 

The C-12 to C-18 can also be converted to ~lcohols which can 
be us9d as solvents or treated with ethylene oxio~ to produce 
nonionic surf~ce ~ct1ve agents. The most important application of 
the C-12 to C-18 olefin·. is in the prod•.Jct ior1 of detergents. They 
sur~ass previous generations of detergents in that they •re more 
bic·degradeable. 



Other Ethylene Derivatives. 

Ethylene is also used to produce smaller volumes of othe~ 
derivatives such as ethyl halides and ethy!ene propylene 
elastomers. The halides are used to produce more complex 
petrochemicals. The elastomers are used ~~ rubber components. 

ETHYLENE END USES IN THE USA, WESTERN EUROPE, AND JAPAN. 

The United States, Western Europe, and Japan constitute the 
largest world markets for ethylene derivati~es. Chart 2 sh~ws the 
1383 riemand for thes~ products in each of the three markets. The 
demand is broken by end use. 

The USA consumed about 13 million tons of ethylene in 
1383. Polyethylene accounted for 49~ of that demand. Ethylene 
oxide accounted for 17~ and EDC and styrene acco,tnted for 14 and 
7% respectively. 

Western Europe crnsuMed about 12 million tons of ethylene 
in 1983. Polyethylene accounted for 55~ of that demand. Ethylene 
oxide, EDC, and styrene accounted for 11, 18, and 7~ respectively. 

Japan consumed about 3.7 mjllion tons of ethylene in 1983. 
Ha:f cf the consuwption went into polyetl1ylene prod ~tion. 
Ethylene oxide, EDC, and styrene accounted for 11, and ~~ respec~ ively. 

ETHY~ENE AND ITS DERIVATIVES IN SYRIA. 

Ethylene and its derivatives, at the interwed1ate and 
finished product level, are not presently produced ~n Syria. Some 
cf the finished products are used. However, these are imported. 
The mar~et si~e is small and the country does ~ot presently have 
i~~e1·ent advantages to enable Syria to enter the world markets. 



PF.OPYLENE. 

Propylene is obtained as a by-product while cracking naphtha 
or heavier liquics to produce ethylene. It is als~ produced in 
cat crackers in refineries. A listing of the intermediates and 
the final propylene derivatives of comn1ercia 1 importance is shown 
in chart 3. The following is a description of the end use~ of 
thPse derivatives. 

Polypropylene. 

When propylene is polymeri~ed under appropriate conditions 
polypropylene is produced. It is a versatile polymer with a 
variety of end uses. It is used to prod~~e fibers for carpets and 
textile. These fibers have properties which make them superior to 
natural fibers in some applications such as carpet backing. It is 
also used to prcduce ~on woven fabrics used in diapers and 
packagir1g. 

Polypropylene is also used to produce film and sheet. Also, 
a variety of consumer goods can be produced by inJection molding 
pc• l yprc0 py l erie. 

Some properties of polypropylene make lt superior to 
polyethylene in certain applications. 

Acryl•:•rritri le. 

Under proper condition~ propyle~e reacts with ammonia to 
for~ acrylonitrile which is used to produce acrylic fibers and 
r1itr1le rubbers. It can also react with styrer1e to pre.duce 
styrene acrylonitrile resins <SAN> and with butadiene and styrene 
to produce acrylonitrile butadiene styrene <ABS> ~olymers. 

Acrylc•nitrile is also •Jsed in "t;he manuf'actu.·e of some rrylons. 

Propy l er1e Oxide. 

Propylene rFacts with o~ygen under specified conditions to 
pr·:·d•Jce propylene o)(ije. The oxide can t.ie corwerted to glycols or 
polyether polyols. The glycols are u~?d in the manufacture of 
u~saturated polyesters which are in turn used for the production 
of fiber glass backed equipment such as boats and auto~otive 
parts. 

The polyether polyols react with isocyanates to produce 
rolyuret~anes. These products find application as foams for 
5eat1ng in furniture and transportation equipment. They are also 
;sed as engineering plastics because of their strength and 
~es1stance to corrosion. 



Acetone. 

Propylene can be hydrated to iso~ropyl alcohol <IPA> which 
is used as a solvent and a cc..n1por.ent of rul'-bing alcohol 
formulations. 

Isopropyl alcohol can also be dehydrogenated to produce 

ai:et one. 

Another coMmercial source of acetone is cumene whic~ is 
obtained by alkylating benzene with propylene. The cum2ne is 
converted to cumene hydroperoxide which is then decomposed to 
acetone and phenol. The phenol applications will be discussed 
under benzene deriv~tives. 

Aside from its use as solvent, acetone is used in t~e 
manufacture of methyl met~acrylate, butyraldehyde, and bis-phenol 
A. M~thyl methacrylate is used to produce acrylics. Butyraldehyde 
is converted to butyl alcohol and 2-ethyl hewanol. Loth products 
are used as solveri_ts arid as plasticizer alcohols. Bis-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 epichlorohydrini another propylene derivative. 

Acrylic.. Acid. 

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

Other Pro~ylene Derivatives. 

Other derivatives of ~ropylene include higher olefins such 
as heptene, nonene, and dodecene. These products are alkylating 
agents for phenol and benzene. The alkylates are used to produce 
a~1~nic and nonionic surfactants. 

PROPYLENE MAJOR END USES IN THE USA, WESTERN EUROPE, AND JAPAN. 

The united States, Western Europe, and Japan have the worlds 
largest domes~ic ffiarkets for propylene derivatives. Chart 4 shows 
the demand fo~ propylene in 1983 in these warkets by end use. 

The United States consumed about 6.4 million tons of 
propylene in 1983. The largest end use was polypropylene 
accounting for about 33~ of total demand. Acrylonitrile was 
secc·nd usir;g abo•Jt or1e rnil l ioro t 0::ons of propylene equivalent to 
17~ of demand. The other derivatives consumed between 450 and 670 

KT each. 



Western Europe consumed about 6.S million tons of 
propylene, slightly exceeding the american consumption. 
Polypropylene was the largest con~umer of propylene in Weste~n 
Europe accounting for about 2.1 million tons equivalent to 33~ 
of the demand. Acrylonitrile and cumene ~ccounted for 17 and 8~ 
respPctively of the propylene demand. 

Japan consumed about 2.6 million tons of propylene i~ 
1983. 43~ of the oemand was converted into polyprcpylene and 21~ 
irito acrylonitrile. The other maJor deri•.1atives were isopropyl 
alcohol, cumene, and propylene oxide. 

PROPYLENE AND ITS DERIVATIVES IN SYRIA 

1ylene and its deriv~tives are not presently produced in 
Syria. Howe1er finished propylene derivatives are imported into 
the country. Thes~ include polypropylene, polyurethanes, epoxy 
resins, alkylates, acrylates, and nylons. The domestic market has 
been too small to Justify production of these derivatives. 

BUTYLENES. 

The butylene stream contains butadiene, butene-1, butene-2, 
and i s•:ib•; t y I erie. 

Cnart S sho~s the derivatives of butadiene. most of them are 
polymers generically classified as rubbers. They include styrene 
butadiene rubber CSBR> which is used extensively in the 
~~nufacture of automobile tires. 

Polybutadiene, neoprene, and nitrile rubbers are also made 
from butadiene and are used by the automotive industry. 

But~diene is also used in the Manufacture of ABS and nylons. 
Both of these polymers are usPd as engineering plastics. 

Anot~er derivative of butad1ene is styrene butadiene latex. 
This class of comp0unds is best known for its use in water based paints. 

Buter.e-1, B•.1ter.e-2, .:i.r.d isc•butylene are raw Materials for 
the pi·c0 d 0;ct l·:>rr of pc0 lyb•.1teries. They are also used in the 
manufacture of alcohols for sol1ent applications. 

THE BUTYLENES AND THEIR DERIVATIVES IN SYRIA. 

Butadier1e, the b•.1!.xl~r:ies, ar1_q_th~_ir __ c;ferivat~ve!i are .!•C•t 
pr 0:•d•JcedTns°)~r-ia-.-_However 1 the.T1-n)shed ri.1bbers arid latex are 
imported into the country. SBR is imported for the manufacture of 
automotive tires. The.latex is· iMported for use in paint formulations. 

The Syr i ar1 domestic market has been to_?_ s_m~-~ ! .. t_o __ J~st_i fy the 
r1~ar11.d act •Jre of t·hese ·-products-1 n .the-co-u-nt ry-~. 



BENZENE 

Benzene is the simplest aromatic nucleus. As_ such it .has 
charecter~s~hfcilJliake-~it--a-usefuf -bu-iloing- block. Chart 6 
contains a listing of the most important benzene derivatives. The 
following is a description of these derivatives and their markets. 

Styrerie. 

The largest ber1zene _end us~ i_s _ _J_n_tt)e Jnarrufac~ur~of 
styrene. Benzene is alkylated with ethylene to produce 
etf I J §e:r~_z_~;,e _ w_h ~ ch-~is--dehych:.-ogema t ed Tc. -give st yrer.e. 

Styrene is used in the manufacture of polystyrenes which 
fall int~ three classes: 
------

1. General Purpose. 
2. High Impact. 
3. Expandable beads. 

_Ih_~_gene!·al _pu~p·:>_!?e_ar1d [ligh impact polymers are used 'for 
ffiaking cabinets for electronic equipment. T~ey are also used for 
ri:alllng-fiTri1-c:frid ·sr.eet~- They-are-1_1sE;ci i~ packaging arid housewares. 

T_he expandable beads_are used in_i_!"'sulation. They are also 
used in foamed to shape packaging to protect equipment during 
transportation. Another use of the expandable beads is for making 
C•Jps. 

The technology is available to use all three polystyrenes in 
ins•Jlat ior1. 

Styrene is also used for making ABS and SAN. Both products 
are IJSed-:is C•:orrp•'.)l'1ents of ~apitai eq~ipment. --

Styrene butadiene rubber and latex were described under 
butadiene derivatives because both raw materials are needed to 
;::n··:·duce t f-1E-se pc•l ymers. 

Phenol. 

Benzene is alkylated with propylene to produce cumene which 
is then treated with a peroxide to produce cumene hydropero~ide. 
Th~ peroxide is decomposed to give phenol and acetone. The end 
uses of acetone were described under propylene derivatives. 

The largest end use of phenol is 1n the production of 
pher1ol 1c resir1s. These resins are used in plywood, adhesives, 
g!ass fiber insulation, Moulding compounds, and laminates. 

Phenol is also used in the production of bis-phenol A which 
is a r~w material for polycarbonates and epoxy resins. The 
polycarbonates are used in appliances, sign$, sports and 
recreatirn, and transpo~tation equipment. The) are superior to 
m~tals ~n certain applications. 



The epoxy resins are used in surface coatings, •dhesives, 
laminates, Encapsulating electrical parts, flooring, and pipes. 

Cyclohexane. 

Benzene car1 be reacted with hydrogen to produce eye lohexane 
which can be used as a solvent. It can also be used to produce 
caprolactam, adipic acid, and hexamethylene diamine. All of these 
products are raw m~terials for the manufacture of nylons. 

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

Other Benzene Derivatives. 

Other derivatives of benzene include aniline which is used 
t•:- prc-d•Jce pol yuretha!'les and ch lorobenzenes which are used in the 
production 0f pesticides. Another benzene derivative is alkyl 
benzene which is sulfonated to produce alkyl benzene sulfonates, 
an essential component in detergent formulations. 

-------- ---··- ---
BENZE~~--~-~~-0~ _END USES ~N __ T_J:i~ USA, WESTERN _E~-R~P~, AND JAPAN • 

. -- - - - . - - ---

The United States, Western Europe, and Jaoan have the worlds 
largest markets for benzene derivatives. Chart 7 shows the 
ber,;:er1e der1lar1d by end usP ir1 each of the three markets for 1983. 

The United States consumed about 4.8 million tons of 
benzene in 1983. 51~ of the domestic demand went into the 
produrtion of ethylbenzene/styrene. Cumene and cyclohexane 
consuMed 21 and 15K of the demand respectively. 

Western Europe was the second largest ~ord market consuming 
alMost 4.8 million tons. Ethylbenzene/styrene accounted for 48~ 
of the de~and. Cumene and cyclohexane accounted for 20 and 14% respectively. 

Japan was the third largest market consuming about 1.8 
million tons. 51% went into the production of 
ethylbenzene/styrene. Cyclohex~ne was the second largest benzene 
outlet in Japan accounting for about 23% of the demano. 
Cumene/phenol were third accounting for 14~ of the demand. 

BENZENE AND ITS DERIVATIVES IN SYRIA. 
---~---· .4-·-

Benzene and its derivatives_ are not presently produced in ~yr~a. 
H.owev~·, finished· ber.zene derivatives are- imported. ·ir1to the · 
C0°1:ir."try. ':fli.t.yl ber1;;:ene sulfc1r1ates are irnported for the production 
or detergen~s arid styrene derivatives are imported fo~ producti9n 
of packaging components. -

The Syrian market is presently too small to Justify domestic 
p~oduction of benzene derivatives. 



TOLUENE. 

Toluene is produced in ethylene crackers which use na~htha 
or gas oil as feedstocks. It is also pro1uced in refinery 
reformers. In both cases it is part of an aroraatic stream which 
requires seperation and purification before it can be used in 
chemical applications. 

A ~mall fraction of the toluene produced in refineries is 
isolated for chemical use. The balance is kept ~n the reformate 
and blended in the gasoline pool as an octane booster. Most of 
the isolated toluene finds a market in the following chemical areas. 

Ber,zene. 

The largest chemical mar~et for toluene is in the production 
of benzene. The to!uene is treated in a hydrodealkylation unit 
<HDA> under specified conditions to loose a Methyl group and 
produce benzene. There is a yield loss of about 20~ basis feed in 
this reaction. Therefore the benzene produced by HDA is more 
expensive than the benzene produced in ~he reformer. 

Pc·l yuret hanes. 

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

Other Toluene Derivatives. 

Toluene is used as a solvent in paints and lacquers because 
~f its relative:y low to~icit). 

Another market for toluene is in the production of benzoic 
acid which is used as a preservative in health and beauty aids as 
well as in some prepared foods and beverages. Benzoic acid can be 
oxidi:ed further to produce phenol which is used in the 
production of adhesives. 

The side chain in toluene can react with chlorine to produce 
benzyl chloride which can be easily converted to benzyl alcohol. 
The alcohol is used in industrial perfumes and other fine chemical 
p•·ep.arat i-::·ns. 

TOLUENE IN SYRIA. 

Toluene js produced in the Syrian refineries. However it is 
not isolated. Therefore any toluene used domestically has to be 
imported. No toluene derivatives are produced in Syria. The 
domestic market for these derivatives has been too small to 
Justify local production. 



XYLENES. 

Most of the xvlenes produced in refineries is not isolated. 
Th~ aro~atic stream containing the product is blended into the 
gasoline pool •s an octane booster. However some xylenes are used 
in chemical ~arkets. Aside from the solvent applications, these 
markets require the seperation of the three X)lene isomers : 
ortho xylene, meta xylene, and para xylene. 

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

Ortho Xylene. 

The most important market for ortho xylene is in the 
production of phthalic anhydride. The anhydride is reacted with 
alcohols, such as 2-ethylhexyl alcohol, to produce di-octyl 
phthalate, a well known plasticizer for PVC and unsaturated 
polyester formulations. 

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

Meta Xylene. 

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 SYRIA. 

Xylene mi~tures are produced in the Syrian refineries. 
However the isomers are not separated. The small quantities 
~eeded by the domestic market are imported. 

None of the xylene derivatives are produced in Syria. The 
d0Mest1c market has been too small to Justify the production of 
these derivatives. Market demand has been satisfied by imports. 

METHANOL. 

Methanol is produced by reacting hydrogen and carbon 
monoxide under appropriate conditions. Both raw materials are 
obtained by steam reforming of methane, fro~ natural gas, or 
naphtha. Historically, the use of methane and naphtha was evenly 
split. More recently, the trend has been changing in favor of 
natural gas. The new m~thanol plants are being built close to 
large natural gas fields. Several of these plants have been 
built 1n the Middle East and North Africa. 



A listing of chemic•l uses of methanol is sho~n in chart 10. 

Formaldehyde. 

Historically, formald~hyde has been the ~aJor chemical 
derivative of methanol. It is still the maJOr end use of the 
alcohol, however, its share of the ~arket is declining as new 
applications are commercialized. 

Formaldehyde is used to produce phenolic resins which 
constitute an essrntial 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 foam decomposes with time emitting 
formaldehyde, which is a carcinogen, and e><posing the residents 
to the vapors. As a result the use of urea formaldehyde in home 
insulation has been banned in a number of countries. 

Acetic Acid. 

Methanol can react with carbon monoxide under specific 
conditions to produce acetic acid. The acid can be converted to 
acetic anhydride which is used to produce cellulose acetate fiber 
an film. Acetic anhydride can also react with alcohols to produce 
acetates w~ich are wideiy used in solvent applications. 

Acetic acid can also be used to produce vinyl acetate, a 
monomer, which can be converted to polyvinyl acetate, polyvinyl 
alcohol or ethylene vinyl ac~tate. All of these derivatives are 
used in te~tiles and adhesives. 

Dimethyl Terephthalate. 

Methanol reacts with terephthalic acid to produce dimethyl 
terephthalate <DMT> which is used in the production of 
polyesters. The reaction between Methanol a~d terephthalic acid 
takes place in situ while para xylene is converted to DMT. New 
technology makes it possible to produce free terephthalic acid, 
without having to produce the ester. The acid is then converted 
to the polyesters. 

Methyl Tertiary B•..1tyl Et:ier IMTBE>. 

ComMercial production of MTBE in world scale plant~ ~tarted 
about 10 years ago. During this period the number of MTBE plants 
has increased significantly and the product has become an 
important octane booster in the gasoline poole. 



Future MTBE plants are expected to be li•ited because of 
availability of isobutylene. 

Other Methanol Derivatives. 

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

METHANOL IN SYRIA. 

Methanol and its derivatives are not presently produced in 
Syria. The small quantities needed by the domestic market are 
imported. 



PETRtCHEMICAL MANUFACTU~ING ECONOMICS. 

AmmoniA is the only basic petrochemical proJuced in Syr\a. 
It is made in• 300 kilo ton/year plant in Homs. The ammonia 
plant is part of• fertilizer cornpleK which includes a S60 
kt/year sulfuric acid plant, a 450 kt/year superphosph~te plant, 
a 315 kt/year urea plant, and a 50 kt/year ammonium nitrate 
plant. 

The fertilizer compleK is operated as a fully integrated 
faci:ity wit~ common management, maintenance shops, water 
treating facilities, and labour force. Because the complex is 
fully integrated, problems affecting any one of the units will 
iMpact on all the others. Also, no financial a~sessment 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 can be made 
concerning the financial performance of the separate units. 

The size of the fertilizer complex, the number of Jobs it 
creates in the community, the quantity and value of its 
production, its impact on the agricultural sector in syria, its 
impact on the economy of the province and the country dicta~e 
that a detailed analysis of the complex should be performed. 
The analysis should quantify the contribution of the complex to 
all the above segments of society, and should recoMmend options 
for optimizing the complex's contribution to the Syrian economy. 

For the present report we have developed the computer 
programs which can be used to determine the economics of 
producing ammonia and urea in stand alone plants located in 
Syria, Saudi Arabia, and the U. S. Gulf Coast. These programs 
were used to conduct analyses based on hypothetical plants 
completed (overnightJ 1n the middle of 1983. The values of raw 
materials, utilities, labour, and other cost components reflect 
fair market value, of these commodities, in the respective 
locations as best as we were able to determine them. 
Maintenance labour and control laboratory staff costs we~e 
estimated using relationships to operating labour developed for 
a U. S. Gulf Coast plant. The cost of operating supplies was also 
related to operating labour. Plant overhead was equated to 80% of 
operating labour. Ta~es and insurance were assumed to be equal to 
2% of fixed capital. And capital was depreciated over a ten yea~ 
per·ic•d. 

rhe results of the analysis are described in the following 
sect i or.s. 

AMMONIA ECONOMICS. 

U. S. Gulf Coast. 

The plant was assumed to cost about 205 
million U.S. dollars and uses natural gas as the 
feedstock. The detailed breakdown of the cost components 
is shown in chart 11. The plant gate cost, without 
depreciation, was 7.24 c/lb. The product cost was 
9.81 c/lb, and the pr·od•Jct val•Je was 15.0 c/lb. 



'} ,. ~ ~ ~ J • ' ' - • 

Saudi Arabi a. 

The plant was assumed to cost S 328 Million And 
us~s natur•l gas as the feedstock. Natural gas was 
assigned a value of S0.5 per thousand 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/lb, and the product value was 1~.85 c/lb. 

syri a. 

The plant was assumed to cost S 328 million and 
uses n~tural gas as the feedstock. Natural gas was 
assigned a value of S 1.5 per thousand standard cubic 
feet. The detailed breakd·:::>wn of the cost components is 
shown in chart 13. The plant gate cost, without 
depreciation, was 5.15 c/lb. The product cost was 8.92 
c/lb, and the product value was 17.24 c/ib. 

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 
prc•duct in Saudi Arabia i~ lower than Syr·ia, beca1~se 
the Saudis assign a lower value to natural gas. 

UREA ECONOMICS. 

U. S. Gulf Coast. 

The plant was assumed to cost S 72 million. Chart 
14 shows the detailed breakdown of the cost components. 
The plar1t ~ate cost less deprP.ciation was 5.3 c/lb. The 
product cost was 6.35 c/lb, and the product value was 
8. 17 cl 1 b. 

Saudi Arabi a. 

The plant was assumed to cost $ 115 million. Chart 
15 shows the detailed brea~down of the cost coMponents. 
The plant gate cost less depreciation ~as 4.94 c/lb. 
The product cost was 6.43 c/lb, and the product value 
was 9.33 c/lb. 

Syria. 

The plant was assumed to cost$ 115 million. Chart 
16 shows the detailed breakdown of the cost components. 
The plant gate cost less depreciation was ~.52 c/lb. 
The product cost ~as 7.03 c/lb, and the product value 
was 9. 94 ell b. 

In the urea economic analysis, it was assumed that 
the plants in Syria, Saudi Arabia, and the U. S. Gulf 
paid the same price for the ammonia feedstock. Under 
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 
d1fferer1ce is relatively small. 



SYRIAN DEMAND FOR SELECTED PETROCHEMICALS. 

The Syrian domestic market for rost petrochemicals is 
relatively small. InvariatJly, the products are imported to 
satisfy the market demand. We were unable to find Syrian import 
statistics to determine domestic consumption. In the abse~~e of 
such statistics we prc·bed the export statistics for the maJor 
exporting countries for these petrochemicals and identified the 
volumes they destined to the Syri2n market. The results are shown 
in chart 17. 

Most of the imports came froro western europe, Japan, an~ the 
United States. Some of these products are presently, or will, in 
the near future, be produced in neighboring Arab c~untries. 
Arranging supplies of these products froM other Arab producers 
might prove beneficial to all concerned. 

J 
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CHART 2 

1983 Ethylene Demand By end Use In The USR, Europe, and Japan 
KT 

End Use USR Europe Japan 

LDPE/LLDPE 3756 4638 1095 

Ethylene o><ide 2234 12E.3 412 

HOPE 2684 1912 729 

Ethylene Dichloride 1821 2192 671 

Ethyl benzene 907 839 33E. 

Oligomers 653 
Ethanol 274 603 

Vinyl Acetate 323 114 

Acetalaahyde 195 173 

Other 292 474 149 

Totals 13139 11921 3679 
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CHMT 4 

19 83 Prooylene Demand By ~nd Use 
KT 

End Use 

Polypropylene 
Ac ry 1 c·n i tr i le 
Propylene O>eide 
Isopropyl alcohol 
Cumene 
Oxo Alcc•hols 
01 i goniers 
•:>th er 

Totals 

USA 

2112 
1090 

&65 
458 
599 
543 
495 
450 

6412 

In The USA, Europe, And Japan 

Europe Japan 

2126 113€. 

1100 542 
733 171 
412 
540 300 
908 290 
289 
412 198 

6520. 26~7 



BUTADIENE 

CHART 5 

BUTADIENE 
Major End Uses 
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CHART 7 

1983 Benzene Demand By End Use in The USA, Europe, arid Japan 
KT 

End Use USA Europe Japan 

Ethyl benzene 2462 2305 947 
Cumene 1032 964 262 
Cyclohe><ane 712 670 422 
Aniline 251 317 
Maleic anhydride 38 144 40 
Ch lorober1zer1es 12t 89 
Dodecylbenzene 144 233 69 
Other 42 66 113 

Other 4807 4788 1853 
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ammoni• econoMics 

plant capacity 
annual production 

capital costs 
battery l irni ts 
off-sites 
working capital 
total capital 

variable costs 

raw materials 

us 

n1 

m 

m 
m 
m 

m 

CHART 11 

gulf coast 

lbs/y 
lbs 

s 
$ 

$ 

$ 

methane c/scf 0.37 
chemicals & catalyst 
raw materials sub total c/lb 

ut1l1ties 
cooling water 
process water 
electricity 
natural gas 
u~ilities sub total 

fixed cost~ 

labou~ (op+main+con> 
maintenance mat & sup 
plant overhead 

taxes & insurance 

depreciation 

plant gate cost 
sales admin & r&d 

product cost 

product val •..1e 

•..1sg/ 1 b 

•..1sg/ lb 
kwh/lb 
scf/lb 
c/lb 

c/lb 
c/lb 
c/lb 

c/lb 

c/lb 

c/lb 
c/lb 

c/lb 

c/lb 

July 

23.40 
0.13 
0.02 
0.00 

5"of price 

25" roi bt 

1963 

'38€,. 00 
'38c. (>(I 

145.70 
59. 20 

(I. 00 
2(14. 90 

3.95 
0.08 
4.03 

o. 16 
0.01 
(l. 13 
1. 11 
1. 41 

0.52 
1). 45 
0.42 

0.42 

2.08 

9.32 
0.49 

'3. 81 

15.00 



ammoni• econoM1cs 

plant capacity 
•nnual pr~ductio~ 

capital costs 
battery limits 
off-sites 
working capital 
total capital 

variable costs 

raw materials 
methane c/scf 
chemicals & catalyst 
raw materials sub total 

utilities 
cooling water 
process water 
electricity 
natural gas 
utilities sub total 

fi>eed costs 

labour Cop+main+con> 
maintenance mat & sup 
plant overhead 

ta>ees & insurance 

depreciation 

plant gate cost 
sales admi~ & r&d 

product cost 

product v• l ue 

CHART l( 

saudi arabia 

n1 lbs/y 
m 1 bs 

Ill $ 

m $ 

m $ 

m $ 

c/lb 

usg/lb 
usg/l b 
kwh/lb 
scf/lb 
c/lb 

c/lb 
c/lb 
c/lb 

c/lb 

c/lb 

c/lb 
ell b 

c/lb 

c/lb 

0.05 

July 

C.3. 40 
0. 13 
0.02 
0.00 

S"of price 

25" roi bt 

1983 

38E..OO 
98f .. (II) 

2.33.00 
95.00 
0.00 

328.l)(l 

0.53 
v.oe 
o. e. 1 

o. 16 
0.01 
0.13 
1. 11 
1. 41 

0.77 
0.71 
o. E.1 

O.E.7 

3.33 

8. 11 
0.43 

8.53 

1 e.. 85 



amrnoni~ econoMics 

pl ar1t capacity 
an~ual production 

capital costs 
battery lirnits 
off-sites 
working capital 
total capital 

variable costs 

raw materials 
methane c/scf 
chemicals & catalyst 
raw materials sub total 

•Jtilities 
cooling water 
prc•cess water 
electricity 
natural gas 
utilities sub total 

fi><ed costs 

labour <op+main+con> 
maintenance mat & sup 
plant overhead 

taxes & insurance 

depreciation 

plant gate cost 
sales adrnin & r&d 

product cost 

prod•Jct va 1 ue 

CHART 

syria 

n' lbs/y 
m lbs 

m s 
m $ 

m $ 

m $ 

c/lb 

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

c/lb 
c/lb 
c/lb 

c/lb 

c/lb 

c/lb 
c/lb 

c/lb 

c/lb 

13 

July 

0.15 

2.3. 40 
o. 13 
0.02 
0.00 

5~of price 

25" roi bt 

1983 

98E..OC 
98E..OO 

233. (1(1 

95.00 
0. 00 

328.00 

1. 60 
0.08 
1. 68 

o. 16 
0. 01 
o. 13 
o. 45 
0.75 

0.75 
0.71 
0.60 

0.67 

3. 3.3 

8.48 
0.45 

8.92 

11. 24 
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annual production 

capital cost& 
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CHART 14 

gulf coast 

lbs/y 
lbs 

s 
s 
s 
s 

6. 75 

raw materials sub total c/lb 

•.Jtilities 
cc•oling water 
process water 
el ect r i c i t y 
utilities sub total 

fi ><ed CC•Sts 

labour Cop+main+con> 
maintenance mat & sup 
pl ant overhead 

ta><es & insurance 

depre-c1at ic•r1 

plant gate cost 
sales admin l r&o 

prod•.Jct cost 

prc•<li.•ct va 1 ue 

usg/lb 
1.JSg/lb 
kwh/lb 
c/lb 

c/lb 
c/lb 
c/lb 

c/lb 

c/lb 

c/lb 
c/lb 

c/lb 

c/lb 

5"·=· f pr i ce 

25" ro1 bt 

9.30 
0.01 
0.01 

July 1983 

986.00 
990.00 

40.20 
31.80 
o.oo 

72.00 

3_q5 
o. )0 

3.85 

0.06 
0.00 
o. 05 
0.83 

0.20 
o. 13 
o. 1 f, 

0. 15 

0.73 

6.03 
0.32 

6.35 

8. 17 



urea ecc•nom i cs 

plant capacity 
annual production 

capital costs 
batter" 1 imi ts 
off-sites 
working capital 
total capital 

variable cc•sts 

raw materials 
amrnor1ia cl 1 b 
chemicals & catalyst 

CH.l;l<l I~ 

saudi arabia 

m lbs/y 
m lbs 

m $ 

m $ 

m $ 

rn $ 

E..75 

raw materials sub total c/lb 

•.Jt i 1 it i es 
cc•ol i ng water 
process water 
e I ect r i c i t y 
utilities sub total 

fixed costs 

labour Cop+main+con> 
maintenance mat & sup 
pl ar1t overhead 

taMes & insurance 

depreciation 

plarit gate cost 
sales admin & r&d 

product cost 

usg/lb 
usg/lb 
kwh/l b 
c/lb 

c/lb 
c/lb 
c/lb 

c/lb 

c/lb 

c/lb 
c/lb 

c/lb 

c/lb 

5"of price 

25" roi bt 

JUiy 1983 

9.30 
0. 01 
0.01 

98E..OO 
990.00 

E.4.00 
51.00 
o.oo 

115.00 

3.85 
0.00 
3.85 

O.OE. 
0.00 
0.05 
0.21 

0.25 
0.20 
0.20 

0.23 

1. 16 

E.. 10 
0.32 

E..43 

9.33 



ure• economics 

pl,;ant capacity 
•nnual producti0n 

capit•l costs 
battery limits 
off-sites 
"'c•rking capital 
total capital 

variable costs 

raw materials 
ammor1 i a c / l b 
chemicals & catalyst 
raw materials sub total 

utilities 
cc•o l i rig water 
process water 
el ect r i c i t y 
ut i 1 it i es sub t •:>ta l 

fixed costs 

labour Cop+main+con> 
maintenance mat & sup 
plant overhead 

taxes & insurance 

depreciation 

plant gate cost 
sales a~m1n & r&d 

prod•..1ct cost 

product value 

l.M/>\I'- I 

syrioa 

In lbs/y 
m lbs 

m • 
m • 
m s 
nl s 

c/lb 

usg/lb 
usg/lb 
kwh/lb 
c/lb 

c/lb 
c/lb 
c/lb 

c/lb 

c/lb 

c/lb 
c/lb 

c/lb 

c/lb 

lt'I 

July 

E.. 75 

9.30 
0.01 
0.01 

5"of price 

25" rc•i bt 

1983 

'390.00 
990.00 

64.00 
51.00 
0.00 

115. 00 

3.85 
0.00 
3.85 

0.06 
0.00 
o. 05 
0.83 

0.23 
0.20 
0.19 

0.23 

1. 16 

£. 68 
0.35 

7.03 

9.94 




