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Second: Cooling: . )

Effulent from steam cracking furance with temp.800°C contains a lot of active

unsaturated compounds ,thus cooling process(quenching)must carried out for the

following :

1-The gums and polymeric compounds which forms as result of side reaction must

be excluded.
2- Recovery of thermal energy as steam
Cooling stages: S '
Cooling is carried out in 2-3 stages according to feed as follows:
1-Quenching(rapid and immediate) and produétion of high pressure steam.

2- Primary fractionation:for product of thermal cracking in case of feed stock and

separation of fuel oil.

Pyrolysis gas
Pyrolysis 400°Cv at 200°C
Gas —> Gas
650-850°C $50°C
Pyrogas decante
Steam T Pyrogasoline —
Fule oil L
Quench cooler Prefractionator Scrubber oil or water
Quenching:

Is carried out first in TLE(Transfer line exchanger)




To atemp. of (375-500°C)by using hot water in the apper part of tublar furance and

production of high pressure steam which is used to operate the copressers in the

same comples.

Final cooling:

Cooling is carried out to about 40°C as follows:

a-Gas feed: direct treatment in water quanch unit;where pyro gas leaves from the
top of washing tower while pyro gasoline leaves with washing water from the

bottom of the washing tower,pyro gasloine is separated,wash water is recycled after

cooling in heat exchangers.

b-Liquid feed:cooling is carried out first using direct wash with oil such as gas oil
then fractional distillation is carried out to for fuel oil separation from heavy
gasoline fraction.During direct washing products temp.decrease to 200-220°C then
products are introduced to primary disitation tower to separat fuel oil and washing
gas ,temp. of product is reduced to about 100-110°C,Final cooling is about 40°C.

Third:Compression:

Pyro.gas contains some impurties with different concentrations differs according

to feed type and operating condions.Impurties are acids gases(H,S,CO,) ,acetylene
and water.

The compression of gas to 34 atm. occur in mulit stages (4-5).condense HCS are
removed from these stages.Acids gases removal is usually carried out during
copression using soda or amine wash unit, then gas is dried to prevent hydrided and

ice formation when the gas is cooled to low temp.during the distillation under

pressure.
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2-steam cracking of hydrocarbons which typically produces a cracked
naphtha product commonly referred to  aspyrolysis  gasoline, pyrolysis

gas or pygas. The pyrolysis gasoline typically consists of Cgto Cg aromatics,

heavier aromatics containing 9 to 11 or 12 carbon atoms, and non-aromatic cyclic

hydrocarbons (naphthenes) containing 6 or more carbon atoms.

Aromatics separation

1-Solvent extraction:

The BTX aromatics can be extracted from catalytic reformate or from pyrolysis

gasoline by mény different methods. Most of those methods, but not all, involve the

use of a solvent either for liquid-liquid extraction.

Raffinate — Aromatic

Non aromatic

Solvent

Liquid-liquid € jori, aTsd known as solvent extraction and partitioning, is a
method used to extract of a substance from one liquid phase into another liquid

phase. Liquid-liquid extraction is a basic technique in chemical laboratories, where

it is performed using a separatory funnel.




Raw material for basic for PCs.

Uses: Plastic,rubber, fiber,resin adhesive, ,coating, detergents and plasticizer

World production of BTX:

The BTX aromatics are very important petrochemical materials. Global
consumption of benzene, estimated at more than 40,000,000 tons in 2010, showed
an unprecedented growth of more than 3,000,000 tons from the level seen in 2009.
Likewise, the para-xylene consumption showed unprecedented growth in 2010,

growing by 2,800,000 tons, a full ten percent growth from 2009.

Production of BTX Hydrocarbons

1-catalytic reforming of naphtha in petroleum refinery.

Catalytic reforming usually utilizes a feedstock naphtha that contains non-

aromatic hydrocarbons with 6 to 11 or 12 carbon atomsand typically produces
a reformate product containing Csto Cg aromatics (benzene, toluene, Xylenes) as

well as paraffins and heavier aromatics containing 9 to 11 or 12 carbon atoms.

¥ia

~2%-




Petrochemical Engineering fourth class/Branch refinery and gas technology

Application: Produce high-purity cyclohexane by liquid-phase
catalytic hydrogenation of benzene.

Description: The main reactor (1) converts essentially all the feed
isothermally in the liquid phase at a thermodynamically-favorable low
temperature using a continuously-injected soluble catalyst. The catalyst’s
high activity allows use of low hydrogen partial pressure, which results in
fewer side reactions, e.g., isomerization or hydrocracking. The heat of
reaction vaporizes cyclohexane product and, using pumparound
circulation through an exchanger, also generates steam (2). With the heat
of reactionbeing immediately removed by vaporization, accurate
temperature control is assured. A vapor-phase fixed-bed finishing reactor
(3) completes the catalytic hydrogenation of any residual benzene. This
step reduces residual benzene in the cyclohexane product to very low
levels. Depending on the purity of the hydrogen make-up gas, the
stabilization section includes either an LP separator (4) or a small
stabilizer to remove the light ends.

A prime advantage of the liquid-phase process is its substantially
Jower cost compared to vapor phase processes: investment is particularly
low because a single, inexpensive main reactor chamber is used
compared to multiple-bed or tubular reactors used in vapor phase
processes. Quench gas and unreacted benzene recycles are not necessary
and better heat recovery generates both the cyclohexane vapor for the
finishing step and a greater amount of steam. These advantages result in
lower investment and operating costs. Operational fl exibility and
reliability are excellent; changes in feedstock quality and flows are easily
handled. Should the catalyst be deactivated by feed quality upsets, fresh
catalyst can be injected without shutting down.

Yield: 1.075 kg of cyclohexane is produced from 1 kg of benzene.

0




Petrochemical Engineering fourth class/Branch refinery and gas technology

million mtpy. Four additional process units, with a total design capacity

of 600,000 mtpy, are in design and construction.

~— Uses: Raw materials or intermediate for production of:

v

1- Phenol-formaldehyde resins 2- Bisphenol(for production of epoxy)
3-Caprolactum(for production of Nylon6 monomer) 4-Adipic acid

(for production of Nylon 66 monomer) 5- Salicylic acid(Aspirin
production)  6-Phenol alkyl (Rubber chemical) or(production of

Detergent).

12-Cyclohexane -

CGHﬁ + 3H2 H.CGHIZ

Yo
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Petrochemical Engineering fourth class/Branch refinery and gas technology

alphamethylstyrene (AMS), catalyzed by mineral acid. This unique
design achieves a very high selectivity to phenol, acetone and AMS
without using recycle acetone. The high total yields from oxidation and
decomposition combine to achieve 1.31 wt cumene/wt phenol without tar
cracking. Decomposed catalyst is

neutralized. |

Phenol and acetone purification (3): Phenol and acetone are
separated and purified. A small amount of byproduct is rejected as heavy
residue.

AMS hydrogenation or AMS refining (4): AMS is hydrogenated
back to cumene and recycled to oxidation, or AMS is refined for sale.
Cumene peroxidation is the preferred route to phenol, accounting for

more than 90% of world production. The Sunoco/UOP Phenol process

features low feedstock consumption (1.31 wt cumene/wt phenol) without
tar cracking, avoiding the expense and impurities associated with tar
cracking. High phenol and acetone product qualities are achieved through
a combination of minimizing impurity formation and efficient
purification techniques. Optimized design results in low investment cost
along with low utility and chemicals consumption for low variable cost of
production. Design options for byproduct alphamethylstyrene (AMS)
allow producers to select the best alternative for their market:
hydrogenate AMS back to cumene, or refi ne AMS for sale. No acetone
recycle to the decomposition (cleavage) section, simplified neutralization,
and no tar cracking make the Sunoco/UOP Phenol process easier to

operate.
Commercial plants: The Sunoco/UOP Phenol process is currently




fourth class/Branch refinery and gas technology

Petrochemical Engineering

11-Phenol ; ‘

CoHsCH(CH3); + 02 — CsHsC(CH3);00H
CﬁHSC(CHg)ZOOH = C&HsOH + (CHg)zCO

Phenol acetone

Application: The Sunoco/UOP phenol process produces high-quality
phenol and acetone by Jiquid-phase peroxidation of cumene.

Description: Key process steps:

Oxidation and concentration (1): Cumene is oxidized to cumene

hydroperoxide (CHP). A small amount of dimethylphenylcarbinol

(DMPC) is also formed, but low-pressure and low-temperature oxidation

results in very high selectivity of CHP. CHP is then concentrated and

unreacted cumene is recycled back to the oxidation section.

Decomposition and neutralization (2): CHP is decomposed to

phenol and acetone, accompanied by dehydration of DMPC to

Yy
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Petrochemical Engineering fourth class/Branch refinery and gas technology

to achieve the oxidation and dehydrogenation reactions. In oxidative
reheat, oxygen is introduced to oxidize part of the hydrogen produced
over a proprietary catalyst to reheat the process gas and to remove the
equilibrium constraint for the dehydrogenation reaction. The process
achieves up to about 80% EB conversion per pass, eliminates the costly
interstage reheater, and reduces superheated steam requirements. For
existing SM producers, revamping to SMART SM may be the most cost-
effective-route to increased capacity.

“Economics: (Classic) 500,000 mipy, ISBL, US Gulf Coast:
Investri_;ent, US$ million 78
Ethylbeﬁzene, ton/ton SM 1.055
Utilities, US$/mton SM 29
Commercial plants: Currently, 36 operating plants incorporate the
Lummus / UOP Classic Styrene technology. Seven operating facilities

are using the SMART process technology. Many future units using the
SMART process are expected to be retrofits of conventional units, since

the technology is ideally suited for revamps.
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EB S
Application: To produce polymer-grade styrene monomer (SM) by
dehydrogenating ethylbenzene (EB) to form styrene using the
Lummus/UOP “Classic” styrene Pprocess for new plants and the

Lummus/UOP' SMART process for revamps involving plant capacity

expansion.

Description: In the Classic SM process, EB is catalytically

steam. The vapor phase
acuum. The EB (fresh

and the mixture 1S

dehydrogenated to styrene in the presence of
reaction is carried out at high temperature under v

and recycle) is combined with superheated steam,

dehydrogenated in a multistage reactor system (1). A heater reheats the

process gas between stages. Reactor effluents are cooled to recover waste
sed offgas—
d as fuel.

o the

heat and condense the hydrocarbons and steam. Unconden
containing mostly hydrogen— is compressed and is use
Condensed hydrocarbons from an oil/water separator (2) are sent t
distillation section. Process condensate is stripped to remove dissolved
aromatics.

A fractionation train (3,4) separates high-purity styrene product,
unconverted EB, which is recycled, and the relatively minor byproduct
tar, which is used as fuel. Toluene is produced (5,6) as a minor byproduct
and benzene (6) is normally recybled to the upstream EB process.

Typical SM product purity ranges from 99.85% to 99.95%. The
process provides high-product yield due to a unique combination of
catalyst and operating conditions used in the reactors and the use of a
highly effective polymerization inhibitor in the fractionation columns.

The SMART SM process is the same as Classic SM except that
oxidative reheat technology is used between the dehydrogenation stages

of the multistage reactor system (1). Specially designed reactors are used

bR
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Electricity, kWh 20
Water, cooling m’ 3

Steam, mtons (export) 1.3
Hot oil, 10° kcal 0.6

Commercial plants: Three commercial plants are in operation in
Argentina and Canada with capacities from 140,000 to 816,000 mtpy.
They process ethylene feedstocks with purities ranging from 75%
ethylene' to polymer-grade ethylene. An 850,000-mtpy unit using dilute

ethylene is currrently under construction.

Uses:

[ =

0.5 coﬁéumption of B:in EB production: which is used in

production of styrene.

~ 10-Styrene C4H;CH = CH,

66H5CHZCH3 A CﬁﬂscH = CHZ + Hz

Yo
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CD structure. The process is able to handle a wide range in ethylene feed

composition— from 10% to 100% ethylene.
Description: The CD alkylator stripper (1
column. Alkylation and distillation occur in the alkylator

) operates as a distillation
in the presence
Unreacted

ed and fed

of a zeolite catalyst packaged in patented structured packing.
ethylene and benzene vapor from the alkylator top are condens

to the finishing reactor (2) where the remaining ethylene reacts Over

zeolite catlayst pellets. The alkylator stripper bottoms is fractionated (4,

5) into EB product, polyethylbenzenes and flux oil. The

polyethylbenzenes are transalkylated with benzene over zeolite catalyst

pe
can be polymer grade or,
dilute ethylene containing as little as 10 mol% ethylene as in

llets in the transalkylator (3) to produce additional EB. The ethylene

with only minor differences in the process

scheme,
FCC offgas. Reactors are designed for 3 to 6 years of uninterrupted

runlength. The process does not produce any hazardous effluent. Low

operating temperatures allow using carbon steel for all equipment.

Yields and product quality: Both the alkylation and trans-alkylation

reactions are highly selective—producing few byproducts. The EB

product has high purity (99.9 wt% minimum) and is suitable for styrene-

unit feed. Xylene make is less than 10 ppm. The process has an overall

yield of 99.7%.

Economics: The EB process features consistent product yields,
highproduct purity, low-energy consumption, low investment cost and
easy, reliable operation.

Investment (500,000 tpy, ISBL Gulf Coast), US$: 17 million

Raw materials and utilities, based on one metric ton of EB:

Ethylene, kg 265
Benzene, kg 738

Y4
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Electricity, kWh 35
Water, cooling, m’ 15
Commercial plants: The Uhde (Edeleanu) proprietary MTBE process

has been successfully applied in five refineries. The accumulated licensed
capacity exceeds 1 MMtpy.

Uses: Octane booster.

* 9-Ethylbenzene C4H;CH,CH;

CH,=CH,+CHj % C¢HsCH,CH;,

Application: Advanced technology to produce high-purity
ethylbenzene (EB) alkylating bénzene with ethylene using patented
catalytic distillation (CD) technology. The CDTECH EB process uses a
specially formulated zeolite alkylation catalyst packaged in a proprietary

YA
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uniform concentration profiles within the reactor and, most important,
avoids hot spot formation. Undesired side reactions, such as the formation
of dimethyl ether (DME), are minimized.

The reactor inlet temperature ranges from 45°C at start-of-run to
about 60°C at end-of-run conditions. One important factor of the two
stage system is that the catalyst may be replaced in each reactor

separately, without shutting down the MTBE unit.

The catalyst used in this process is a cation-exchange resin and is
available from several catalyst manufacturers. Isobutene conversions of
97% are typical for FCC feedstocks. Higher conversions are attainable
when processing steam-cracker C4 cuts that contain isobutene
concentrations of 25%.

MTRBE is recovered as the bottoms product of the distillation unit.
The methanol-rich C4 distillate is sent to the methanol-recovery section.
Water is used to extract excess methanol and recycle it back to process.
The isobutene-depleted C4 stream may be sent to a raffinate stripper or to

a molsieve-based unit to remove other oxygenates such as DME, MTBE,

methanol and tert-butanol.
Very high isobutene conversion, in excess of 99%, can be achieved

through a debutanizer column with structured packings containing
additional catalyst. This reactive distillation technique is particularly
suited when the raffinate-stream from the MTBE unit will be used to

produce a high-purity butene-1 product.
For a C4 cut containing 22% isobutene, the isobutene conversion

may exceed 98% at a selectivity for MTBE of 99.5%.

Utility requirements, (C4 feed containing 21% isobutene; per metric

ton of MTBE):
Steam, LP, kg 900
Steam, MP, kg 100

VY
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8-Methyl-Tetra-Butyl-Ether (MTBE) (CH; ) 3COCH 3

CH;C(CH 3) = CH, + CH30H — (CH3 ) 3COCH 5

Application: The Uhde (Edeleanu) MTBE process combines methanol

and isobutene to produce the high-octane oxygenate—methyl tertiary

butyl ether (MTBE).
Feeds: Cd4-cuts from steam cracker and FCC units with isobutene

contents range from 12% to 30%.

Products: MTBE and other tertiary alkyl ethers are primarily used in
gasoline blending as an octane enhancer to improve hydrocarbon
combustion efficiency.

Description: The technology features a two-stage reactor system of
which the first reactor is operated in the recycle mode. With this method,

a slight expansion of the catalyst bed is achieved which ensures very

Yl
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ACE is then fractionated and purified into high-quality products. The
products’ recovery and purification is a highly efficient and low-energy
consumption process. ' '

This ACRN technology minimizes the amount of aqueous effluent,
a major consideration fbr all acrylonitrile producers. This ACRN
technology is based on a high-activity, high-throughput catalyst. The
propylene conversion is 99% with a selectivity of 85% to useful products
of ACRN, HCN, and ACE. The DuPont catalyst is a mechanically
superior catalyst, resulting in a low catalyst loss. DuPont has developed 2
Catalyst Bed Management Program (CBMP) to maintain the properties of
the catalyst bed inside the reactor at optimal performance throughout the
operation. The catalyst properties, the CBMP and proprietary reactor
internals provide an optimal performance of the ACRN reactor, resulting
in high yields.

With over 30 years of operating experience, DuPont has developed
know-how to increase the onstream factor of the plant. This knowhow
includes the effective use of inhibitors to reduce the formation of cyanide
and nitrile polymers and effective application of an antifoulant system to
increase onstream time for equipment.

Commercial plants: DuPont Chemical Solution Enterprise,

Beaumont, Texas (200,000 mtpy).
Uses:For production of Acrylic fibers ,flexible plastic ,Rubber

And resins.

Ve
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7-Acrylonitrile CH, = CHCN

CH2=CH - CH3 + NH3 + 402(air) - CHZ = CHCN + 4'H20

Application: A process to produce high-purity acrylonitrile and high-
purity hydrogen cyanide from propylene, ammonia and air. Recovery of
byproduct acetonitrile is optional.

Description: Propylene, ammonia, and air are fed to a fluidized bed
reactor to produce acrylonitrile (ACRN) using DuPont’s proprietary
catalyst system. Other useful products from the reaction are hydrogen
cyanide (HCN) and acetonitrile (ACE). The reaction is highly exothermic
and heat is recovered from the reactor by producing high-pressure steam.

The reactor effluent is quenched and neutralized with a sulfuric solution

to remove the excess ammonia.
The product gas from the quench is absorbed with water to recover

the ACRN, HCN, and ACE. The aqueous solution of ACRN, HCN, and

Vi
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reactor is specially designed to fully react all of the EO and to minimize
back-mixing, which promotes enhanced selectivity to MEG.

Excess water from the reactor effluent is efficiently removed in a
multi-effect evaporation system (2). The last-effect evaporator overhead
produces low-pressure steam, which is a good low-level energy source
for other chemical units or other parts of the EO/MEG process. The
concentrated water/glycols stream from the evaporation system is fed to
the water column (3) where the remaining water and light ends are
stripped from the crude glycols. The water-free crude glycol stream is fed
to the MEG refining column (3) where polyester-grade MEG, suitable for
polyester fiber and PET production, is recovered. DEG and TEG exiting

the base of the MEG refining column can be recovered as high-purity

Jgroducts by subsequent fractionation.

Economics: The conversion of EO to glycols is essentially complete.
The reaction not only generates the desired MEG, but also produces DEG
and TEG that can be recovered as coproducts. The production of more
DEG and TEG may be desirable if the manufacturer has a specific use for
these products or if market conditions provide a good price for DEG and
TEG relative to MEG. A catalyzed process will produce less heavy
glycols. The ability to operate in catalyzed or uncatalyzed mode provides
flexibility to the manufacturer to meet changing market demands.

Commercial plants: Since 1954, 18 UCC-designed glycol plants have
been started up or are under construction.

Uses:

1-Polyester(fibers and films).

2-Anti freeze agent.

3-Gas drying.

4-Manufacturing of plastizers.

'YV
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6-Ethylene glycol HOCH,CH,0H - '

CH,_ CH,+ H,0 —» HOCH,CH,0H
No” MEG

Application: To produce ethylene glycols (MEG, DEG, TEG) from
ethylene oxide (EO) using Dow’s Meteor process.

Description: In the Meteor Process, an EO/water mixture is preheated
and fed directly to an adiabatic reactor (1), which can operate with or
without a catalyst. An excess of water is provided to achieve high
selectivities to monoethylene glycol (MEG). Diethylene (DEG) and
triethylene (TEG) glycols are produced as coproducts. In a catalyzed
mode, higher selectivities to MEG can be obtained, thereby reducing
DEG production to one-half that produced in the uncatalyzed mode. The

'Y




Petrochemical Engineering fourth class/Branch refinery and gas technology

The PVC slurry,” containing VCM, is continuously fed to the
stripping column (1). The slurry passes counter-currently to steam, which
is fed into the base of the column. The proprietary internals of the column
are specially designed to ensure intimate contact between the steam and
the PVC slurry and to ensure that no PVC particles remain inside the

column. All process operations, including grade change, are

automatically done in a completely closed system.

' (P, ‘ — . % . g
v While steam stripping is widely used, this proprietary technology:,

which involves sophisticated design and know-how of the column, offers

attractive benefits to existing PVC plant sites.
The process design is compact with a small area requirement and

low investment cost. The size of the column is 2.5t/hto 30t/h.

Economics:

Steam 130 kg/t of PVC
Commercial plants: Chisso has licensed the technology to many PVC

producers worldwide. More than 100 columns of the Chisso process are

under operation or construction, and total capacity exceeds 5 million tpy

of PVC.

iR
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=

Petrochemical Engineering

5-Vinylchloride monomer VCM CH(CI)=CH,

s S

C,Hy + Cl, - CICH,CH,Cl  catalyst FeCl; and C,HcBr
1
C,Hy + 2HCL + -2—02 - CICH, — CH,Cl+ H,0 catalyst Cu,Cl,

Application: Adding a stripping column to existing polyvinyl chloride
(PVC) plants to remove vinyl chloride monomer (VCM) from PVC
slurry. The recovered VCM can be reused in the PVC process, without
any deterioration of PVC polymer quality.
Description: PVC slurry discharged from reactors contains significant
“amounts of VCM ( >30,000 ppm) even after initial flashing. This process
effectively removes the remaining VCM so that the monomer is
recovered and reused. Recycling of raw materials drastically reduces
VCM emissions from the following dryer. There is no signiﬁcant change
in PVC quality after stripping. Residual VCM level in the PVC product

can be lowered below 1 ppm, and, in some cases, below 0.1 ppm.

Vo
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correct selection of the NH; / EO ratio and recycling of amines produces
the desired product mix. The reactor products are sent to a separation
system w}iére ammonia (2) and water are separated and recycled to the
reaction system. Vacuum distillation (4,5,6,7) is used to produce pure
MEA, DEA and TEA. A saleable heavies tar byproduct is also produced.
Technical grade TEA (85 wt%) can also be produced if required.

//d Yields: Greater than 98% on raw materials.
Economics: Typical performance data per ton amines MEA/DEA/TEA

product ratio of 13:13:13

Ethylene oxide, t 0.82
Ammonia, | 0.19
Steam, t ' 3
Water, cooling , m’ 300
Electricity, kWh 30

Commercial plants: One 20,000-mtpy original capacity facility.

Uses:

1-Gases softening. 2-Detergent production. 3-Corrosin stabilizers

4- Chlorinated HCs stabilizers :decrease its decomposition.
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bab(/:f'{/)

4-Ethanolamines, MEA,DEA &TEA x_

CH,.  CH, + NH; — HOCH,CH,NH,
MEA (75%)

o)
MEA + EO - (HOCH,CH,),NH
DEA (21%)

TEA4%)

Application: To produce mono-(MEA), di-(DEA) and triethanolamines
(TEA) from ethylene oxide and ammonia.

Description: Ammonia solution, recycled amines aﬁd ethylene oxide
are fed continuously to a reaction system (1) that operates under mild
conditions and simultaneously produces MEA, DEA and TEA. Product

ratios can be varied to maximize MEA, DEA or TEA production. The
A
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recombined and mixed with the recycle liquid from the recycle surge

drum (6). This stream is charged to a unique bubble-column reactor (1).

Carbon monoxide is compressed and sparged into the reactor riser.

The reactor has no mechanical moving parts, and is free from

~ Jeakage/maintenance ~ problems. The ACETICA Catalyst is an
offers higher

ystem due to

immobilized Rh complex catalyst on solid support, which

activity and operates under less water conditions in the s

heterogeneous system, and therefore, the system has much less
COrTosivity.
Reactor effluent liquid is withdrawn and flash-vaporized in the

Flasher (2). The vaporized crude acetic acid is sent to the dehydration

column (3) to remove water and any light gases. Dried acetic acid 1s
routed to the finishing column (4), where heavy byproducts are removed
in the bottom draw off. The finished acetic-acid product is treated to
remove trace iodide components at the jodide removal unit (5).

Vapor streams from the dehydration column overhead contacted
with methanol in the low-pressure absorber (8). Unconverted CO,
methane, other light byproducts exiting in the vapor outlets of the high-
and low-pressure absorbers and heavy byproducts from the finishing

column are sent to the incinerator with scrubber 9).

Feed and utility consumption:

Methanol, mt/mt 0.539
CO,mt/mt 0.517
Power (@CO Supply 0 K/G), kWh/mt 129
Water, cooling, m°/mt 137
Steam @100 psig, mt/mt 1.7

Commercial plant: One unit is under construction for 2 Chinese

client.
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Cata: Ag/Al,O3+ Promotor: Ba, K + Inhibitor AgCl ,Nal ,used as

sphere to reduce pressure drop.

3-Acetic acid CH;COOH *

CH;0H + CO - CH;COOH
Application: To produce acetic acid using the process, ACETICA.

Methanol and carbon monoxide (CO) are reacted with the carbonylation
reaction using a heterogeneous Rh cata]yst..

Description: Fresh methanol is split into two streams and is contacted
with reactor offgas in the high-pressure absorber (7) and light gases in the

low-pressure absorber (8). The methanol, exiting the absorbers, are

|1
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high productivity Meteor EO catalyst, which has very high efficiencies at
very high loadings.

Commercial plants: Union Carbide was the first to commercialize the

direct oxidation process for EO in the 1930s. Since 1954, 18 Union
Carbide- designed plaﬁts have been started up or are under construction.
Three million tons of EO equivalents per year (approximately 20% of

total world capacity) are produced in Union Carbide-designed plants.

Advantages:

Plant with one reactor work with high selectivity with low conversion for

each cycle. Reactants used with high concentration which reduced the

capital cost.

Disadvantages:

1- The demand for additional units e.g. oxygen separation unit (high

purity).
2- The need of CO,removal from recycle gas.
3- N, must be removed from recycle gas; additional units.

However oxidation by O, is more economic when high capacity
pmduct'ion is used.

EQO Uses:

1-In production of ethylene glycol(anti freeze agent).
2-Used as surfactant. 3-In production of polyester.

4-In manufacture of Hydraulic fluid.
Other old method utilized air for oxidation:
1-Two reactors and two absorber to complete oxidation of E to

produce EO. T=260-2900C, P=10-13 atm.

o
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Application: To produce ethylene oxide (EO) from the direct oxidation
of ethylene using the Dow Meteor process.

Description: The Meteor Process, a technology first commercialized

in1994, is a simpler, safer process for the production of EQ, having lower
capital investment requirements and lower operating costs. In the Meteor
Process, a-ethylene and oxygen are mixed with methane-ballast recycle
gas and passed through a single-train, multi tubular catalytic reactor (1) to
selective]zy' 0 process is a simpler, safer technology with lower facility
investment costs The special high-productivity Meteor EO catalyst
provides very high efficiencies while operating at high loadings.b- Heat
generated by the reaction is removed and recovered by tﬁe direct boiling
of water to generate steam on the shell side of the reactor. Heat is
recovered from the reactor outlet gas before it enters the EO absorber (2)
where EO is scrubbed from the gas by water. The EO-containing water
from the EO absorber is concentrated by stripping (3). The cycle gas
exiting the absorber is fed to the CO2 removal section (4,5) where CO2,
which is co-produced in the EO reactor, is removed via activated, hot
potassium carbonate treatment. The CO2 lean cycle gas is recycled by
compression back to the EO reactor. Most EO plants are integrated with
glycol production facilities. When producing glycols, the EO stream (3) is
suitable for feeding directly to a Meteor glycol process. When EO is the
desired final product, the EO stream (3) can be fed to a single purification
column to produce high-purity EO. This process is extremely flexible and
can provide the full range of product mix between glycols and purified
EO. |

Economics: The process requires a lower capital investment and has
lower fixed costs due to process simplicity and the need for fewer

equipment items. Lower operating costs are also achieved through the
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_7.8 Geal/ton. A guideline figure to construct a 5,000-mtpd plant is

US$370 — 400 million.
Q:Explain why %methanol decrease with temp. increase?

/o 2-Ethylene oxide CH>— CHo> .
(@)
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