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PETROLEUM

What is petroleum?

0 Petroleum is a compound of two Latin words: petra (rock) +
oleum (oil).

0 Petroleum also is called crude oil, crude, black gold.

0 Bitumen (tar) is a solid or semisolid form of petroleum.
0 Biocrude comes from plants or municipal wastes.
0 There are hundreds of different crude oils with a wide range of

physical and chemical properties; properties vary with location,
depth, and age of the oll field.

PETROLEUM

OPEC, Embargos, and Conservation:

o The Organization of Oil Exporting Countries (OPEC) was
founded by five countries Iran, Irag, Kuwait, Saudi Arabia and
Venezuela in 1960.

0 OPEC now includes 13 members: Algeria, Angola, Ecuador,
Indonesia, Iran, Irag, Kuwait, Libya, Nigeria, Qatar, Saudi Arabia,
the United Arab Emirates, and Venezuela.

0 The organization-especially Saudi Arabia, which is the richest in
reserves-strives to stabilize oil prices by acting as a “swing”
producer, raising production when prices are high and cutting

production when prices are low. 4
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PETROLEUM

Economics:

0 Petroleum is an important source of energy.

Hydro, 6.7%  Bio, 22%

\ 0il, 32.9%
Gas, 23.7%

BP statistical Review

i of world energy 2015

0 Petroleum is a raw material from which we produce (ubricants,
petrochemicals, construction materials, and thousands of
consumer products.

Nudcear,4.4%

o Large-scale petroleum production began in the late 1850s, and
by 1970, oil had overtaken coal as the world's leading source of
energy. 5

PETROLEUM

0 Petroleum refineries provide precursors for petrochemicals,

Table 2 Major petrochemicals and uses

Petrochemicals l Used to make . ..

Alcohols

Methanol MTBE, acetic acid, formaldehyde . ..

Acetic acid Vinyl acetate = plastics, latex paints. Cellulose acetate . ..
Cellulose acetate Yams, sheet plastic, films, lacquers

Formaldehyde Resins, butanediol, inks, nylon

Ethyl alcohol Gasoline, solvents, personal care products, ethyl chloride, ethyl acetate .. .
Ethyl acetate Solvent (e.g., nail polish remover)

Isopropyl alcohol Solvents, personal care products

Higher alcohols Solvents, plasticizers, detergents

Aromatics

Benzene Styrene, cumene, cyclohexane, maleic anhydride . . .
Toluene Polyurethane, gasoline

Xylenes Polyester fibers, resins, plasticizers, gasoline

Aromatics derivatives

Cyclohexane Nylon precursors

Cumene and phenol Phenolic resins, epoxy, and polycarbonate resins
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PETROLEUM
Table 2 Major petrochemicals and uses
Petrochemicals | Used to make ...
Olefins
Ethylene Polyethylene, ethylene dichloride, ethylene oxide
Ethylene dichloride Polyvinyl chloride (PVC) = plastics
Ethylene oxide Polystyrene, ethylene glycol ...
Ethylene glycol Antifreeze, polyethylene terephthalate (PET) = plastic bottles
Propylene Polypropylene, propylene oxide = propylene glycol ...
Propylene glycol Antifreeze, polyesters, pharmaceuticals, hand sanitizers
Butenes Maleic anhydride . ..
Butadiene Complex polymers, including synthetic rubbers
Alpha olefins Polymers, surfactants, synthetic lube oil and additives, fatty acids
Other
Acrylonitrile, acrylic acid Polymers, including transparent polymers (Plexiglass, Lucite)
Aldehydes and ketones Acetic acid, acetone, other solvents
Ethylbenzene and styrene Polystyrene
Isobutane Methylmethacrylate resins
Maleic anhydride Polyesters, resins, plasticizers, dicarboxylic acids, nylon precursors
-
PETROLEUM
Appearance:

0 Some crude oil is as clear as vegetable oil and other crudes are
green, brown, or black.

o Some flow like water, while others don't flow at all unless they
are heated.

0 Bitumen and tar are black and gooey.
Chemical Composition:
0 Petroleum is not a single substance.

0 Petroleum is a complex mixture of countless organic molecules
derived from ancient microorganisms.

0 Most of the molecules are hydrocarbons.
0 Some contain sulfur, nitrogen, oxygen, or trace elements.

o Raw crude oil contains inorganic matter, such as water, salt,
inorganic sulfur, and dirt. 8
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PETROLEUM

Molecular Composition:

o Saturated hydrocarbons can be acyclic paraffins (alkanes) or cyclic

paraffins (naphthenes).

o Olefins are very rare in natural petroleum.
They are mainly products from thermal cracking in refineries.
o Hydrocarbon Ring Compounds (Naphthenes and Aromatics).
0 Heteroatom compounds contain sulfur, nitrogen, oxygen, and trace

elements

= Sulfur is found primarily as H,S, mercaptans, sulfides, disulfides,
thiophenes, benzothiophenes, and polybenzothiophenes.

= Nitrogen is present primarily pyrroles, pyridines, quinolines, indoles, and

carbazoles.

v Amides and oxazoles contain both nitrogen and oxygen.
v Amines are not found in raw crudes.
= Oxygen compounds include naphthenic acids, carboxylic acids, phenols,

cresols, and furans.

9

PETROLEUM

Light Crude il

0 It has low density and flows freely
at RT.

o It has low viscosity, low specific
gravity and high API gravity due to
the presence of a high proportion
of light hydrocarbon fractions.

0 It generally has a low wax content
as well.

o It receives a higher price than
heavy crude oil on commodity
markets because it produces a
higher percentage of gasoline and
diesel fuel when converted into
products by an oil refinery.

Heavy crude oil or extra heavy
crude oil

o It is any type of crude oil which
does not flow easily.

0 Its density or specific gravity is
higher than that of light crude
oil.

o It has more negative impact on
the environment than its light
counterpart since its refinement
requires the use of more
advanced techniques an the
use of contaminants.

10
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PETROLEUM
Petroleum Refining Processes

Crude Oil Preprocessing

o Crude oil comes from the ground mixed with a variety of
substances: gases, water, salt, and dirt.

0 These must be removed before the crude can be transported
effectively and refined without undue fouling and corrosion.
» In refineries, crude desalting units provide subsequent cleanup (treated
with hot water).
Salts can deactivate catalysts and induce corrosion in major equipment.
= Generally, the crude oil floats on the water.
» The water is withdrawn from the bottom and is disposed at the well site.

» Gases are withdrawn from the top and piped to a natural-gas processing
plant or reinjected into the reservoir to maintain well pressure.

» Crude oil is pumped either to a refinery through a pipeline or to storage

to await transportation by other methods.
11
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NATURAL GAS

o Natural gas is a naturally occurring mixture of simple hydrocarbons
and nonhydrocarbons that exists as a gas at ordinary pressures
and temperatures.

o Natural gas consists principally of methane (CH,) and ethane
(C,Hg), with fractional amounts of propane (C5Hg), butane (C,4H,p),
and other hydrocarbons, pentane (CsH;,) and heavier.

o Natural gas containing the first two of these compounds, hydrogen
sulfide and carbon dioxide, is termed “sour” and the contaminants
are referred to as “acid” gases.

o Natural gas that contains low enough concentrations of the acid
gases to meet sales specifications is termed “sweet”

o Natural gas that contains only traces of other compounds is dry gas.
o If natural gas contains significant amounts of ethane, propane,
butanes, and higher hydrocarbons, it is called wet gas.

17
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CHoH + NHy 00C pN-CH, + NH(CHy), + N(CH)s
54% 26% 20%

5 GlieY) Clasa g 4 pdal) Clasad) 5 DMF & DMAC Jie clulall gl dasu g 5alaS aadiod -
Lcldlatal) g LiVasall & i)
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Methanol CH,OH JgiliaoJl : Vgl MBS SNEGEGET

| Esters «ii¥) (6 |

Jia Lelial) GILIYY g clall) z L) 8 JAN 30 Gl jall e S dae LY gilinall andiey -

O

Q o]
H 20 ~
O oo
H,C—0 0—CH, CHgs
Dimethylterphthalate Methyl methacrylate

| Hydrogen cyanide & sl 2w (7 |

15080 gl Il en I siigall Jolily yan -

CHyOH + CO —» HCOOCH; —NHay oo, H:g(t)(/)(lse HCN

Jisall g Ja s ol W) S Lo liaal) ity ALl La U AilaasSl) of gall (ha Sytmd) yuaadl addiiuy -
<y Siia

‘ Petrochemicals from Methane ¢l o Aaildl) ey glass g 5l

]
4 4 [
(CO/H,)
1
4
Jlisal) cilail

a5 il cladil
0L ) ) il
20l g Cpadlpall cladil

-
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Ammonia NH; jolauidl (Lol | o8l os cblass 2

.-33.3°C Ll a0 98 naa dadif) Al Jle L gl o

LA jadaas o
poia s pasly Jadiial) and) eaaS) alaiualy (9 gl foe G gl o Uiy L ga) L) oy

el sed) a o Rl Jeady

L—;‘\:\)';ﬂ\ ).\Ls.\j.. “\a.ku\)..:
+
Ny + 3H; Fe205 2NH;4
1 500°C/300 atm

+

S 58 2l Il 308l 3 (CO/H,) giadll e 0 4de Jguanll oy
CO, uabais) o dany G2 DEA alainl @lll L 530S 50 <) Jinay 20SY)

Cr203
CO/H, Fe,O3 CO,/H, Ethanolamine H,
Synthesis gas 425°C ;
CO, :
Ammonia
Urea

LA ganl) & g A guanl) AdliAAY) Baand) Aolia L L saY) (e %75 addiey e

Ammonia NH; jolauidl (Lol | o8l os cbylass 2
Lsal) O clitiial)
Urea Lusd (1
S
NH,—-C—NH,

s palsd o
132.5°C U ) a3 £l oy s Baa L5 -
A46.6% G g Al ) 358 5 Al g ) Baand) e -
Lol gplaald o
180°C ? . 200°C
2NH; 4+ €O, —ZE=  NH,—~C—O NH, —2C,

FUCE Ammonium carbamate -H20

O3S ) AU g jalil) glady 5 plall e b sl JO U -

]
NHZ_C_NHZ + Hzo

Urea

2NH; + coO,
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Ammonia NH; aladl l.ub_

by gal) Cilaladlin) o
Aslal) ASly — Apdlall Gile — SlawsS Ly ) i) addiod -
aalle g Ly sall ) -

1

HE E.H #

o ”[miz’t“

Ammonia NH, aladl l.ub_

Ll ;g8 Cpadlpal) culadil ) st (B aniiug M) 5 (Ul + L) Oaadlsall gl -

c|? NH3 ? -+
2NHp;=C—NH,  — P2t NHCN o NH,—C—0 NH,
Urea Cyanamide Ammonium carbamate
A
3NH,CN NTSN

Cyanamide J|\ )\

HoN™ °N™ NHj

Melamine
(2,4,6-Triaminotriazine)

oyl H.gm oM - l —~
A, esono_ AL T oo
H. 1 H t JI\NGL j __P_"';. ):117
A S S S

] J\N NJ*N
"'?J“'Ny‘u"'o"‘x’!'rl:j"o"“o"

L alla g8 cppadlual) cilatil
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Ammonia  NH, oLl sLoU [ o8 st

Ammonium nitrate  NH,NO, assisa¥) @i (2 |

NH3(g) + HNOj

NH4NO3
Ammonium nitrate

G pdal) g8 Lal clieY) cilawe — i jadial) — 3ieud) doliva B ardiad -
Jeliti iNO, NO (aail o) ga paladl) Jolily oty a g9 gual) il i Jia gAY €l yiadl) ypdans -
Lasidguall il S aa Al auulsyl

8NaNO3; + 4NO + 4CO, + 18H,0
Sodium nitrate

12NH; . 210, N2C0s

Ammonium sulfate (NH,),SO, assisa¥) cilly xS (3

NHs(g) + H2$O4

(NH4)2804
Ammonium sulfate

(Juiay! Lo ) i) 3 a Aadlsal — olual) Aallas — Baand) dolia & padid -

Ammonium phosphate (NH,);PO,  asisa¥) i (4

NH3(g) + H3PO4

(NH4)3PO4
Ammonium phosphate

(Juidy) Lo ) clial) 3 s dadl<al — 310u) dolia B padtas

Ammonia  NH, oLl sLoU [ o8 s

Compound fertilizers &Sl 3au) (5

N, P, K (e s 58t Brand o J guanl] Ll gall g Ailioa sl 9 Apiia g yiall) Bran) e il g B e -
23 0-23-23 Jlia -
9 el g O g ) quead (98T ganallpal) s + Ciliaush pgigal (A + Lyyg (e AllS
Additives sl dala 3 ga 58 5 Le (A LBl il 9 0/23/23 (A psealisd)

Nitric acid HNO, ¢ iill (aes (6

2
4NH; + SO, %}, 4NO E7I

- 2

4NO,

3NO, + H,0 —— 2HNO; + NO

Blaud) Z L) B 0475 addiay -

S paiial) Aol g ) s R (8 aaiioall  shibadd) ) jid ) -
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‘ Petrochemicals from Methane ¢l o Aaildl) ey glass g il

L 4
Synthesis Gas gl ji&
(CO/H,)
1

Jlisal) clail
e ) gh () giadl) cilaiil
SadL g Ul

b alle 8 Cppadlipal) clail

Octanol (JgilSel) Jgilwsad Jui] WU [MESEEsami
H
CaCOs CH,

Cat. |
CO + H, + —CH CH,CH,CH,CHO + H.C-C—
2 T 2H,C Ly, 180°C200am geEgsEg G

H; Butylaldehyde Isobutylaldehyde
CH;CH,CH,CHO
Butylaldehyde ¢Ha
HgC-lc_iz—CHO
1) Cat./-H,0 Isobutylaldehyde
2)H, / Cat. -
cl;H2CH3 12) H
Hy Hy Hy Hy (CH3)2C(CH,0H),
HyC-C—C—C~CH-C—OH Neopentylglycol
. . 2-Ethyl hexa.noi(Oc.:tano.l)ﬂ u.“” s _‘S!“{\ cilad) el u’ PECI
¢ Dioctyl phthalate sxaad 2 sy A i) aanil) gy g poadia el

AL cilatiall GalS Jany

%/\/\m
zrnv(/v :
G e O

Phthalic anhydride oHy Dioctyl phthalate
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radiaas V1 i) G il glast s 5

0,
CHy —————> = + 2CO + 7H
+ S00-600°C HE=CH -
4 gulanll LS pall (o Bpdadl yudan b addiey -
+
@ HC=CH + H30 —— Acetaldehyde
+
@ HC=cCH + H30 ©) Acetic acid
HC=CH + CH3;COOH —»A Vinyl acetate
(
() HC=EH + HCNM» Acetonitrile
90°C
100°C, 5 atm. :
=CH + HCHO > 1,4-Butanediol
[ G O=e H,/Ni, CuCl o e
s NH,4CI
@ HC=CH + CuCl, e Vinyl acetylene
HCI\—> Chloroprene
USJ)SJI )MI Gl o il glass g )

Ay Gaaless A o ey (AT 2 gl pa

Alilaad) 5 4 ) L 5 02) 028N S sl 3 @A) Bk (8 any -

CH, + O, Thermal

decomposition © =

ALSEaY) 3 ) o 4la gllal il Uy deliva B asdiosall Blaal) ) 950 Aoy ciliay -
O3S (39 — Aann pal) i shaa) - gallaall a9 39l ad) g ilygal) 5 Cilall ) il -

il ) gl L) pai -
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wlbio g UWYI o Whglousg il
tspill Jo il
Petrochemicals from Ethane and Other
Distillates

-.sp‘kll Jg il wlbso 9 VY o GlglousSg il

S al) o Aalh cilSye ) LY g Gligad) g Gl Jla gAY Jasill @ jkia 5 QY Jsal -
it ) g Ailag Y
— Al LY Al il et A g (Caldigm gl — Cpulalign — culig o — Cplilf) Lt gY) (e g
Ao slass g i cilaiia - Jalhaal)
Al Cua Guadlil) (e j — Jaiall — 50 ad) e ARy jhal) oda aalad g o A paasil) Ades o Joail) alig
A i 5 o 80 A L) i el oS plall i ) < jhaia g Adg sl i S (e A3l Bala Jald
il ) o Jgandl 5 pusill a% Eua 870°C ¢ iy L M L)

CoHxp+o + H0 Tosw o~ Ch~CH + Cy=CH—CHs ...etc
Aol g ) il i g el 5l clles (ge AUl (s AN o sall 5 il ) ) Asd Gy 1 Jgda

Lllaay) Ll Loy Lodll oplighdsad Gl e Gl A
sl g Sl s GEDS il % % %
Sl s olasladls

%18.6 %81.4 - 1.4 80

%37.8 %62.2 2.7 14.5 45

%42.8 %57.2 4.3 16.7 36.2

%51.7 %48.3 4.5 14 29.8

%56.8 %43.2 4.2 13.3 25.7
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o e e | Ll |
Ethylene Production galuiu¥l 2l }

-103.7°C 4t da 8 {1 sl apae & (L) -

Ly (uadlall (a9 daiuall g 31 pall) alalieay (s ) el 35k o YD (e Gl il -
%81 ki il

Ol Jia (Al o) Adans g) AibaasS) claiiall (pa dyand) gorieal (B Al A glasS g 5y Bala g8 (LY -

>

T TORRTYIE oM |

o . a L= |
ALY o i) (S50

(i) ABUSY) (i culdyl o d:‘-"ﬁm“:uﬁgbe‘
Jeldl) @A A
O JsSila ‘

Ja s sh Y
i ol S |:‘£="“»)SWU“

G ) o sl A

Polyethylene oaduivl g (1 ‘

Polyethylene culi A -
G Cpldi) Aol o ) o) ADE 23 539 Lrgia A2 0140-115 O La W lguaiida , 7 9155 b 33la 8
Basn sal) dgilal) il it

Low Density Polyethylene (LDPE) ALY addta ol S (0
High Density Polyethylene (HDPE) A3l @ ya cplil) A (@

Linear Low Density Polyethylene (LLDPE) Jail) 4Uisl) (yaidia cpld) s (2

QUS| Yoo (adais] g (1
Low Density Polyethylene (LDPE)
Ayl 98 8 Agila £ g8 o A g S Abdlaw (5 g -

2 150-300°C 30~ 9 1500-3000 atm adiy b cad &8 Uiy bl gih oo @il -
sy (3 5d Jia (ua da) Jia dale a5

H
Cat./ 150-300°C 2
CH,=CH —CH,—CTH4
2 2 71500-3000 atm : E

20°C e 0.92 4%US baw 5l 5 10,000-40,000 gidall (o 5ol (s -

(1:2) dsedy Jei g Ao gana g Jib) Ao gana (o ABUSY) (diia cplily) N gall ilal) g g A1) ¢y oSl -
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wloVl vao WU Jl Y G il gl g i)
2V o Clglousg,in (i e oy

LDPE cilaladin o
s sliea g dgle A ey Jliai-
Film i) 4pde | i) 8 asdiod -
ULl g Aalal] g pibiiad) Lol ulsS) m
LJSUl Aa glaal) g 45 pal) i) m
Jraadl) @ gl g cildlatal) Jia Badia gl &Y g8l g Jual gl m
SR ¢ S e A aadie -
4l olyall o puu gkl 5 501 i o8 Akt B il -

Al gl DL A jle 3) gaS addied -

OloVl vao WU Jl Y G il gl i)
u-o ..slmS. 2S5 9 in) e
aslisll gaijw Guduiv] oy (©
High Density Polyethylene (HDPE)
AL Qs £ g8 il Al Aluidluw (g gia -
W jlgeari) A 3 IS 5 9690 ) Lol A3 B3k (635 Laa gl Sl A s Jeadhaad) 03¢ (158, -
500,000 giall 52l (s -
A Jad s Jale 3sa g Aiaddia 3l 2 g (aidia biua @l Philips ueld 4 aladiuly gl -
Gl wus] A e atiwad) Cromium trioxide asssl) s 36

Cr053/Si0,/MgCl, , Ha Ho

nH2C=CH2 < 50°¢/720 atm tC—C5

HDPE <ilaladiing -

Al — dadi e Lilia — High tensile strength Ll 4%aglia 5 68 — o jlgail da 3 gl L jliad =
0 gl Lgald A8 _ ¢ el Lg s

— gl cgal — il giaal) — Plad) Jia Lgtasd Jalay Jliad 3 L al) @l ga¥) Jlaa B aadid w
Aatiall &l g padd) (ubssi - Jai )

Al Ao lial) cililiial) il — (aleals 4 slaisl] of gall Badad daddiecall i giall =

Alan) g Lt Al e oY) g palill) dolia B aadis =

Al g D) 5 Al el gal) g uli¥) dolia B aadiis w

A 5 Al i pall slias Laldl) couli) delia A ardies =
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wloVl vao WU Jl Y G il gl g i)
2V o Clglousg,in (i e oy

bl aslsll yosskio aliivl Jou (2
Linear Low Density Polyethylene (LLDPE)

LDPE & HDPE Yl a3 jai -
LDPE (s 4 siaall cilaiial) pa el 4dlaiia -
HDPE Jie daidia ) o 5 abiia ki aladiudy il -

! 1-Butyene or 1-Hexene or 1-Octene (» b bua ciluas dila) & cadudy) -
B el e i o (s giag d idia pasl g3 (i pSE Gl Sl S

Gl - Ll 1 5ol — JUa) ol — A 55a) ) 5o — ) 0 g (B ) L) B andiin -

Taada) g 413800 3) gal) Cilh) Aaddoval) (3l 1) COUISY g LY i of pa Z L) B addiig -
Blaaall

wloVl vao WU Jl Y G il gl i)
2Vl o Clglousg,in (i e oy

Poly(vinyl chloride) Jwislall 3,9lS sJou (2
Jal e Bany (LA S8 (e il -
9 Gl age Qi ) Jgad) B0OC 2is 3 i BaaSFECly 25250 uoiS iy culd) dalaa (1)
(Ethylene dichloride cliy) 4,48 A

Cly/FeCl CH,—CH,

CH2=CH2  CH,C1,/30-60°C | |
cl

Ethylene dichloride
vinyl chloride J:tdl 18 (65 (2)
JHa Jalas aadlf ahadials o ) Al jaesil) Ban g 8 G g gl 2618 86 5 @1 55)

Active carbon
— CH>=—CH
?H2 (|:H2 500°C/25 atm 2 4
! cl Vinyl chloride

Suspension polymerization (i & 3 bl (3)

H
nCHz:CI‘,H _€CH2_C|in_
Cl Cl
Vinyl chloride Poly(vinyl chloride)
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wloVl vao WU Jl Y O il sl 5 i)
2V o Clglousg,in (i e oy

PVC JI chaladin -

sbaall adal & — sbyall cilayaad il Jia dauall o) gall ZlL) B adiiey

(Ciladal) 5 SIS Ala glial) Jaif gal) 9 ) ga¥f) — s 1 Il — Sluludd) @l ) plea 8 addiin
slaall A1 jlad) 2 gall — Ayl g 31 gl Aol b pdiiay

Gl all a5y 5 3N g5 g pladall gy 3 g U g ol sall A f L) A padiy

bl (e A8 gl Gudlal) g cibilaal) piia B adiiey

Poly(vinylidene dichloride) — ¢ualaldll 3,48 AS Ag

deliall Gl delia 8 daga bala -

Vinylidene dichloride waali-

QP H Ca(OH), .

o= osrc 9 Tope s MO
O liqudpese O G a
Vinyl choride 112 Trichloroethare ~ Vinylicene dichloride

50,000-20,000 ¢l < 5all sl - 2200C W lguail Aa 3 - aliiial) Lgus 531 5 olia 5ala -

Suspension polymerization dlxa & 8 sald) dau) g 5 jalil) ali -

wloVl vao WU Jl Y G il sl g i)
2V o Clglousg,in (i e oy

Polystyrene pwiw Jos (3

i) -

Hzo_CH3
e O 1oo?c1/céchCf11 cl
Ethylene S

Ethyl benzene

lFe203/60 °C
H H
+c—c+ HC—=CH,
2 Badger process

R 2
- © A0 Ale Guagol £
Ade 3

polystyrene Styrene
(PS)
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wloVl vao WU Jl Y O il sl 5 i)
2V o Clglousg,in (i e oy

PS ) claladin -
Belua) S 55 — i g SS9 Ay ) ) S Ao lieaal) ilaial) (o S 230 ) 8 ardisy
SLATY) 3l ga — G — A el G2l £Y) pla B ading =
AN g ol g dag Sl 5 Gl L gl Sia Aiil) 3] ga Aol B ardiey w
oudlall i h — ) Jaldial s B addiey ®
JUkYY cad g dualy ) il 9Y) pdia B addioy ®
Cladall g cal ) g Alal) mhad 5 Gt A asdiad A5 all AL jlal) 3 pall ada B addiy w
Sl Al cladi)y ghlad) declia w
- ) ) ahal Jariy - adddeal) aal) £) il ST SBR ¢l g sia
(Gl sl - ) gl — asdal A
(B kian ASilSia (0l 53 41— SBR (14 &gy JB) Chailal g0 — ol 5L S s

Claiia pial 8 asdiey - diclia b Godia JA) aadal) e i) ) il
((oonee ) — geal gl — olgal) il j3) Dl )

wloVl vao WU Jl Y G il sl g i)
. WVl o © ..slmS' 1595 (i e oy
Poly(vinyl acetate) Jawldl OM> Jos (4

S e Oila ya Jo juaad — Ala fala -

H,C=CH 0,, 100°C
2 2t 2CH;COOH —*——> H,C=CH
Pd/AL,04 l
Ethylene O OI
-2H, _
c=0
H3C

Vinyl acetate

Ho H
H,C==CH +C_QT
(0] (0]

I - L
C|3=O CIJ—O
H3C H3C
Vinyl acetate Poly(vinyl acetate)

A8y ) gaS — (uSiY) clilal) b asiiey -
PVA U -
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wloVl vao WU Jl Y O il sl 5 i)
WVl oo Olglousg i (i 0a ciiiay
Ethanol JgiluVI (5
87°C Leid da j0 — Alilu Bala -
JSN) ypudans -
slally i) Alalaa f LAY N iy ) aas ALl =

3CH =CH, + 2Hp804 —oCs CH;CH,0805H + (CH;CH0),80,

3H,0
3CH;CH,0OH + 2H,SO,

Ethanol
& &5 60-90 atm ks 5 3250C 55a A Lo sladl i cpldY) Aldlas
H3PO,/Silica ¢ jiaa 1o s siag ) Joldall ) &) ANad) b g 5l

H
H,C=CH, + H,0 325°C/60-80 atm H3C—Cz—OH
Ethylene H3PO4 Ethanol

Jsly cilalading -
GudaS p2iiy w
Saandl) ) piaaioss — A4y 3l Gaabuss Jie ciloliall (e pl) B JAy =
i) 3 ga — i) delia B JAy w
Al ,8lGa)) juiaad w
e8] — 2R AY) Jia Apiliassl) LS jal) (1 328 jplan w

o

ooVl o Ql.esl-ness.‘fa-" t“:‘m‘;:ﬁm‘
Acetaldhyde JdMlaw)l (6
Jha Jale 253 58 Ol Bansly gl -
PdCl,/ Cu HCI
130°C/ 120 atm.

LA (aea — sl M) e iy sasS g ) (oo S L) B padiany -

CH,=CH, + O, CH;CHO

Ethylene Oxide  aduis ¥l dasSi (7

i) -
dale o oY) g ClY) Ga dasll ) pa) el 5 CaLED B sdial A jad) Bansy) w
(Y e Wasalf) Liadl) (pa 2oboa

Ag/250°C

H,C—CH + O
2 2 2 20 atm

Ethylene
Lime water sl sla ga (s ) (i g sl il plall g ) plll cpliy) Alalaa =

H,C—=CH, _,CIZ/H -0 H,C—CH, CZ(PMO_,H)Z Hzc/gCHg + 2H,0 + CaCl

0
H,C5—CH,

Eihylene 10-50°C (‘}| (‘:‘
Ethylene chlorohydrin
......... JsSalad) i il — Gl sl SV — ol J SN — CabdY) I sSalas L) (B padicn -
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wloVl vao WU Jl Y O il sl 5 i)
2Vl oo ChglowSopidl (i 0a ciiiay
Ethylene glycol galuiaVl JesSul>: (I
197.5°C Wule da s el ¢yl dagae Al Bala -
Jia dale 39290 (1:1) Apedy slally Gl dpasf Alalnay pudany -

0
H,S0, (cat)
C—CH, + Mo —2%&0 oy _cn,
50-100°C [ [
OH OH

Ethylene glycol

bty JeSala cilaladiing -
o Jlgeai) A ) il jlaead) il e JAN olial) 2aai A 0 (28l Anti freeze & pddiuy
(4alle 40Le A 50 B lad) ol sal) B pdilly B (e JI8; LS (-15.6°C
l pildal) s jaa (ha g olil) A3 B ariiny
(Leliall Gl zLaY) LU 3 Gaea — luSgilall juiaad 3 addiey =
el Jol) gL Ligad) ga Jolily m
Cilad jial) dclia u& ?"ﬁ""ﬁ (]
Jaaadll ciladiia iclia UA e.\iﬂuﬁ (]
8 gl Jallaal) Aeliva (8 padiny =
i pdal) Glaa dolia b aadiny =

wloVl vao WU Jl Y G il sl g i)
2Vl wo U..s:l-mS.. 9i) (i e oy
Ethanolamine gwel JeiluVl (v

Liga) gn Gl ol (gl -

0
CH,—CH, + NH; —> HOCH,CH,NH,
MEA
HOCH,CH,NH, 2=t 40 CH,CH,),N ———2» (HOCH,CH,);N
MEA DEA TEA

CUBLY 5 ¢ giball dolia 8 TEA addiey -

ol A L gas A1) ) -

30- 5,1ua 43 die PG i) Jy i 5 (s H,S (abaia¥ DEA (0 %20 Jstaa cilia, -
DEA padiud 34 1200C 2is H,S Jwa ahy 3 40°C

4430 31 ga — Jranil) i paatiuca — §lual) F L) A ardieg -
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Acrylonitrile Julyxish SVl (g
77°C Liute da j0 — Alibw Baka -
O sl ga 0 9,2 Silpan JO Uiy pudaa -

OHon  ASs CI:N
(Gas phase)

sl cilyilad) — 48 guall udlall ASbia A asdiad ) il 8§ Gl z L) B asdiy -
O 9 Catali sl aa Jelilly oliall bidaal) dolia B addiicy -
Acrylic acid dlsY) gaes Fli) 8 ariivg -
HC=CH 120, H,C=CH
N 20 COOH

Methyl Acrylate <3t s i) Z U b ardiey -
_ ~y CH;OH e
HzC—CH —3> HZC
' HS0, COOCHjZ

< g — bl 5 @l i) B g8 8 asdieall g gl plasll delia B aadiuy PMA
Sl - clelul) zlaj — claaad) — 44 3ialf

Acrylic acid <lu,SVI yows> (8
CO+O, e col¥) Joli coa yany -

140 C
CH,=CH, + CO + O, 1100 psi Pdc12/Cuc12' CH, =CH

COOH
Acrylic acid
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S>3Vl Jgidl Wlpbio g0 WlglouSg il

1
4 [
GBLY) to Aailal) iy glass g ) s Aailal) il glass g ) s Aailal) il glass g )
(Aila g ) S all) gl Calag )
G5 a il glass g 50 ‘ Ofisn-1 s As
L Ofign-2 (Db S Gia Jiisa) (N o2
e adeian Omise1.3 s sl Y1
dsié O gl Jallaa e Jeasll
6.6 Csuul Ol 52 (e Jallaa gl Gasill Bl iy 8
6 o5 O e Gl Jal
G b 0 30) 558 Ll
e - GiosR !
Cnglslll .u"jﬂ-;.s‘fﬂ,sﬂ‘ ‘ o
oS A A (oS ) il
O sil) libpan 3 (A gl saas)
G On sl sl 3
b -1k
il - sl
Ualvgsdl po Wlglousg il
’ Propylene Production galug,Jl glil
-47.4°C 43l da 3 A sl aase SIS clng ll -
Oslars il g -
..... S g g LY Jia Jg il @ lial Steam cracking ki) sl dles B 5 5l giia w
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