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HPEANCJIOBHUE

Jlanuple MeTonuueckue yKa3zaHHWS TpeJHA3HA4YeHbl A
CaMOCTOSITeTIbHOH pabOThl CTYIEHTOB OakallaBpHaTa HaIpaBICHUS
moarotoBku  18.03.01 «Xumudeckas TexHojorus (XuMudeckas
TEXHOJIOTUA  MPUPOJHBIX  DHEPrOHOCUTENEH U yIJIEpOJHBIX
MaTepUaoB)».

Henpro JaHHBIX METOAMYECKUX YKa3aHUM SBISETCS pa3BUTHE
y CTYACHTOB HaBBIKOB M3YyYaIOLIEr0, 03HAKOMHUTEIBHOIO, IOUCKOBOT'O
YTEHUS CTYJCHTOB-OaKalaBpOB B PAMKaxX COBEPIICHCTBOBAHHUS HX
HHOSA3BIYHOMN npoheCcCUOHANBHOM KOMITCTCHIIHH. Temartuka
OpPUTHHAIBHBIX TEKCTOB OXBATHIBAET OCHOBHBIE BOMPOCHI B 00JIACTH
XUMHUYECKUX TEXHOJOTHM, a HMMEHHO: TIPOIlleCChl U YCTPOUCTBA,
[JIaBHBIC HAIPaBJICHHS, a TakK)Ke MPOOJEMBI 3alUTHI OKPY>KAIOIICH
cpenbl MpU  HUCIOJB30BAaHUM  XUMHYECKHMX  TEXHOJNOTMH U
OTHOCHUTEIHLHO HOBOMY HaIpaBJIEHHUIO B MPOU3BOJICTBE, KAK «3€JIeHas!
XAMHAS.

Martepuan METOAMYECKMX yKa3aHMM B TOM  YHCIE
Croco0CTByeT OBJIAJICHUIO CTyACHTaMHU MHOS3BIYHOMN
KOMMYHHKATHBHO-PEUYEBON KOMIICTCHIIMEH, TIO3BOJISIONICH Oy ayIemMy
CHEIHMATUCTY OCYIIECTBIATh NPOPECCUOHATBHYIO JEATEIBLHOCTh C
WCTIONIb30BaHNEM HHOCTPAaHHOTO $3bIKa; (DOPMHUPOBAHUIO AKTHBHOTO
CJIOBApHOTO 3amaca, KOTOPBIH BKJIIOYaeT HanOoJiee yImoTpeOUTETbHBIC
TEPMUHBI M BRIPAKCHUS HA aHTIIUHCKOM SI3BIKE 110 TeME « XHUMHYECKUE
TCXHOJIOTHH.

Mertoauueckue yKa3aHHUA COCTOAT M3 YETHIPEX pasJielioB,
KOKIBIM W3 KOTOPBIX BKJIIOYACT B C€0S OPHUTHHAIBHBIE TEKCTHI
po(heCCUOHATBHON HANIPABICHHOCTH U YIPAXHEHHUS K HUM. 3a/IaHUs
JUIsl YTEHUS U TMEepeBOJa COCTAaBICHbl Ha MaTepuaje TEKCTOB B
OpUTHHAJIE W COMPOBOXKIAIOTCS CIIEIHATLHO  pa3pabOTaHHBIMHU
JIEKCUKO-TPAMMATHUYECKUMH  YIIPAKHCHUSIMH, HANpPaBICHHBIMU Ha
AKTUBU3AIIMI0 KOTHUTHBHOH AESITETHhHOCTH O00ydYalONINXCs, OCBOSHUE
HOBOTO JIEKCHYECKO-TPAMMATHICCKOTO MaTepHalia, U CIIOCOOCTBYIOT
Pa3BUTHIO KOMMYHHKATHBHBIX HaBBIKOB B c(hepe MpodecCHOHAIEHOTO
OOILIEHNS HA AHTJIMIACKOM SI3BIKE.



UNIT 1. INTRODUCTION INTO CHEMICAL TECHNONOGY

L. Read the text and answer the following questions:
What does petrochemical industry produce?
What are the main factors the petrochemical industry is influenced by?

FUNDAMENTALS OF PETROCHEMICAL INDUSTRY

The petrochemical industry has evolved out of oil and gas
processing by adding value to low value by-products, which have
limited use in the fuels industry. The industry now produces a
remarkable range of useful products, including plastics, synthetic
rubber, solvents, fertilizers, pharmaceuticals, additives, explosives
and adhesives.

Petrochemical products are used in cars, packaging, household
goods, medical equipment, paints, clothing and building material to
name just a few of the common applications. The petrochemicals
industry sources raw materials from refining and gas processing and
converts these raw materials into valuable products using a variety of
chemical process technologies. Furthermore, the industry continues to
innovate through new technology and the ability to process different
types of raw materials.

The target markets for petrochemical products are smaller and
more specialized in comparison to the markets for refined products
and natural gas. Although petrochemical products usually earn
premium prices compared to refined products and natural gas product,
marketing is more demanding. Market risks and competitive analysis
therefore play an important role in lender assessment of petrochemical
project finance transactions.

In terms of production volumes the industry represents
approximately 10% of the total petroleum industry. Due to the product
value, however, the petrochemical industry represents a larger share of
the total industry, reflecting the higher value of petrochemical
products compared to fuels.

The demand for chemicals and plastics is driven by global
economic conditions, which are directly linked to demand for
consumer goods.
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The petrochemical industry has been impacted by the
globalization and integration of the world economy. World-scale
petrochemical plants built in recent years are substantially larger than
those built over two decades ago. As a result, smaller, older, and less
efficient units are being shut down, expanded, or, in some cases,
retrofitted to produce new chemical products. The factors influencing
world petrochemicals industry development are the following:

Environment. Increasing concerns over fossil fuel supply and
consumption, with respect to their impact on health and the
environment, have led to the passage of legislation globally that will
affect chemical and energy production and processing for the
foreseeable future.

Technology. Manufacturing processes introduced in recent
years have resulted in raw material replacement, shifts in the ratio of
co product(s) produced and costs that have led to the imbalance
between supply and demand. In addition, growing environmental
concerns have expedited the development and commercialization of
renewably derived chemical products.

Shale gas development. Natural gas production from “shale”
formations is one of the most rapidly growing trends in U.S. energy
exploration and production. In some cases, this fast expansion has
resulted in natural gas drilling and production activity in parts of the
country that have seen little or no activity of this type in the recent
past. Among the various technological advances, the combination of
vertical hydraulic fracturing (“fracking”) and horizontal drilling in
multistage hydraulic fracturing resulted in a considerable rise in
natural gas production in the United States. This new potential has
caused many countries to reexamine their natural gas reserves and
pursue development of their own gas plays.

Political uncertainties. The political situations in all parts of
the world —the Middle East, Africa, the CIS, and South America and
even quite sustainable markets such as the United States, the United
Kingdom, and the European Union— have growing global
implications for the supply and demand of petrochemicals and raw
materials.

Economic growth and demand. The overall expansion of the
population and an increase in individual purchasing power has
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resulted in an increase in demand for final products and greater
consumption of energy in China, India, and Latin America.

Vocabulary

by-product — mo6ouHbIH impact - BIUATH

MIPOTYKT, OTXOJIBI retrofit — MmomudumEpoBaTh,

solvents - pacTBOpUTEIb MOJIEpHU3HPOBATH

fertilizers - ynoOpenus upstream and downstream - 100b14a U

additives — mpucanku, nepepaboTka

pazbaBuTenu hydraulic fracturing —

feedstocks - ceipne THIIPaBIMYECKUN pa3pbIB (IL1acTa)
multistage — MHOTOSIpYCHBIH,
MHOT'OCTYTI€HYAThIN

II. Match the terms in the first column with their definitions
given in the second column.

by-product a substance added to another in relatively small
amounts to effect a desired change in properties
solvent raw material supplied to a machine or processing
plant
fertilizer a substance used for sticking objects or materials
together; glue.
additive a liquid substance capable of dissolving or
dispersing one or more other substances
adhesive a secondary product derived from a production
process, manufacturing process or chemical
reaction; it is not the primary product or service
being produced.
feedstock a substance (such as manure or a
chemical mixture) used to make soil more

1. Translate the following sentences into English

1. Hedrexumuueckass NpOMBINUICHHOCTh - OTPAacib TOKENOU
WHAYCTPUM,  OXBAaThIBAIOIAsi  NPOM3BOACTBO  CHHTETHYECKHX
MaTepualoB M H3AETHI TJaBHBIM 00pa3oM Ha OCHOBE IPOIYKTOB
nepepadoTKH He(TH U MPUPOJHBIX TOPIOYHX Ta30B.



2. Hedrexumuyeckass TPOMBIIUIEHHOCTh IOJIy4aeT ChIPhE OT
nepepaboTku HepTH W raza W mpeodpasyeT 3TO ChIphe B IEHHBIC
MPOAYKTHI, HWCIIONB3YyS  pa3NudHble TEXHOJOTHH  XHMHUYECKHUX
MIPOIIECCOB.

3. Ilo o0BemMam MIPOU3BOJICTBA HeTeXUMUIecKas
MIPOMBINIUIEHHOCTh  cocTaBisieT okoimo 10% oT Bceit HedTsIHOU
MIPOMBIIIICHHOCTH.

4. OcHOBHBIMM  (D)aKTOpaMH, BIUSIONIMMH Ha  Pa3BUTHE
He()TEXUMUYECKON TPOMBIILIEHHOCTH, SBISIOTCS I[EHH Ha He(]Th,
JKOJIOTMYECKass W IIOJIUTHYECKas  OOCTaHOBKAa, a  TaKxke
MOKYIaTeNbCKasi CIOCOOHOCTh HACEIICHUS.

5. Hedrexumuueckas MTPOMBINIUIEHHOCTh MOJIBEpKeHa
CYIIIECTBEHHOMY BIIMSHUIO TJIOOATHM3alM W WHTETPAIlH B MHUPOBYIO
SKOHOMHUKY.

6. [Ipon3BoACTBEHHBIE TIPOIIECCHI, BHEIPEHHBIE B IIOCICTHIE
TOABl, TPHUBENM K 3aMEHE CHIPbA, COBUTY B COOTHOIICHHUU
MPOU3BOAMMBIX MOOOYHBIX IPOJYKTOB M CTOMMOCTH, YTO MPHUBEIO K
TUCcOaTaHCy MEXIY CIPOCOM M MPEIJIOKCHHUEM.

7. CoderaHne BEPTUKAIBHOTO THIPABINYECKOTO  pa3phbiBa
miacta ¥  TOPU3OHTAJIBHOTO OypeHHss ¢  MHOTOCTaJIUHHBIM
TUIPABIMYCCKUM Pa3pbIBOM MPHUBENIO K 3HAYUTEILHOMY YBEIHUCHUIO
noObsrau pupoaHoro raza B CLIA.

IV. Read the text and translate it into Russian
BASIC CHEMICALS

In the petrochemical industry, the organic chemicals produced
in the largest volumes are methanol, ethylene, propylene, butadiene,
benzene, toluene, and xylenes.

Ethylene, propylene, and butadiene, along with butylenes, are
collectively called alkenes. Alkenes are acyclic (branched or
unbranched) hydrocarbons having one carbon-to-carbon double bond
(C=C), with the general molecular formula CnH2n. Because alkenes
contain less than the maximum possible number of hydrogen atoms
per carbon atom they belong to a class of unsaturated aliphatic
hydrocarbons.



Olefins contain one or more double bonds, which make them
chemically reactive. Benzene, toluene, and xylenes, commonly
referred to as aromatics, are unsaturated cyclic hydrocarbons
containing one or more rings. Olefins, aromatics, and methanol are
precursors to a variety of chemical products and are generally referred
to as primary petrochemicals.

The terms alkenes and olefins are often used interchangeably;
however, this is not quite accurate. According to IUPAC
(International Union of Pure and Applied Chemistry), alkenes include
all aliphatic hydrocarbons exhibiting one and only one double bond.
Olefins encompass a larger set of compounds, including alkenes. In
fact, olefins include all aliphatic (both acyclic and cyclic)
hydrocarbons having one or more carbon-to-carbon double bonds:
alkenes, cycloalkenes, and polyenes.

Alkenes are defined by the carbon-to-carbon double bond, and
it is this bond that is responsible for several specific properties of
alkenes. The double bond is a shorter, and therefore stronger, bond
than the analogous single bond; a greater amount of energy is required
to break a double bond than to break a single bond. Another important
property of double bonds is their reactivity. Double bonds are more
reactive than their single bond counterparts are, and are particularly
susceptible to addition reactions, including polymerization. Due to
their high reactivity, alkenes are not commonly found in crude oils.
For the same reason, it is not usually desirable to have alkenes in end
products, as they could react, affecting the viscosity and other
properties of the fuel. Alternatively, some products such as some
varnishes or wood floor finishes purposely incorporate molecules with
double bonds, so that a polymerization reaction will occur and form
the desired hard film on the surface.

Many of the physical properties of alkenes are similar: they
are colorless, nonpolar, and combustible. The physical state depends
on molecular mass: like the corresponding saturated hydrocarbons, the
simplest alkenes (ethylene, propylene, and butene) become gases at
room temperature. Linear alkenes of approximately five to sixteen
carbons are liquids, and higher alkenes are waxy solids. The melting
point of the solids also increases with increase in molecular mass.
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Alkenes generally have stronger smells than their
corresponding alkanes. Ethylene has a sweet and musty odor. Like
norbornene and trans-cyclooctene strained alkenes, in particular, are
known to have strong, unpleasant odors, a fact consistent with the
stronger © complexes they form with metal ions including copper.

Alkenes are produced by hydrocarbon cracking. The raw
materials for alkenes are mostly natural gas condensate components
(principally ethane and propane) in the US and Mideast and naphtha
in Europe and Asia. Alkanes are broken apart at high temperatures,
often in the presence of a zeolite catalyst, to produce a mixture of
primarily aliphatic alkenes and lower molecular weight alkanes. The
mixture is feedstock and temperature dependent, and separated by
fractional distillation. This is mainly used for the manufacture of small
alkenes (up to six carbons).

Vocabulary
xylene - ['zaili:n] — kcuien susceptible — 4yBCTBUTENBHBIH
olefin - onedun viscosity - BSI3KOCTb
unsaturated — HeHACHIIEHHBIH, linear — HOpMaNbHBIN, THHEHHBII
HEIPENEIbHbII nonpolar - HEIOJIAPHBIH,
aliphatic - JKUPHBIM, amoOJspHBIN
anidaTuIecKuit combustible - TOPIOYHIA,
double bond — nBoitHas CBsI3B BOCTUIAMEHSIOIIANACS
cyclic hydrocarbons — fractional distillation -
LUUKITAYECKUE YTIIEBOAOPOIBI NeperoHKa HeTu
precursor — mpeaIIecTBEHHIK,
peKkypcop
V. Answer the following questions:
1. What is the joint name for ethylene, propylene, and
butadiene?
2. Why do alkenes belong to a class of unsaturated aliphatic
hydrocarbons?
3. What is the difference between a carbon-to-carbon double
bond and a single bond?
4. What kinds of hydrocarbons do olefins include?
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5. What are the basic physical properties of alkenes?
6. What raw materials are mainly used for producing alkenes?

VL Using the dictionary find the definitions for the following
terms and give the Russian equivalents to them:

unsaturated cyclic hydrocarbons
unsaturated aliphatic hydrocarbons
susceptible to addition reactions
single bond

double bond

n complex structure

natural gas condensate components
zeolite catalyst

fractional distillation

VII. Read the text filling the gaps with the words from
the box:
TYPES OF CHEMICALS

Vocabulary

crucial immense witnessed misleading straight chain environmentally-
conscious subjected detergents fragrances monomers fertilizers feldspar
biomass ethene aromatic toiletries colorants cracker macromolecules sugar

The chemical industry creates an variety of products
that impinge on virtually every aspect of our lives. While many of the
products from the industry, such as , soaps and perfumes, are

purchased directly by the consumer, others are used as intermediates
to make other products. For example, in Europe, 70% of chemicals
manufactured are used to make products by other industries including
other branches of the chemical industry itself. The industry uses a
wide range of raw materials, from air and minerals to oil.

With the worldwide increasing competition, the innovations
remain in finding new ways for the industry to satisfy its
demanding and consumers.
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The products of the chemical industry can be divided into
three categories: basic chemicals, specialty chemicals and consumer
chemicals.

Basic chemicals

Basic chemicals are divided into chemicals derived from oil,
known as petrochemicals; polymers; basic inorganics.

Petrochemicals are chemicals derived from petroleum or
natural gas. They are an essential part of the chemical industry as the
demand for synthetic materials grows continually and plays a major
part in today's economy and society. Petrochemicals are used to
manufacture thousands of different products that people use daily,
including plastics, medicines, cosmetics, furniture, appliances,
electronics, solar power panels, and wind turbines.

Petrochemicals are derived from hydrocarbons such as
propane, ethane, butane, or other components separated from crude oil
and natural gas liquids. Naphtha - a mixture of flammable liquid
hydrocarbons - is also important in the production of products made
from petrochemicals. After being separated in some sort of distillation
process, separated hydrocarbons can be fed to a manufacturing facility
known as a cracker. This cracker works to break chemical bonds in
hydrocarbon materials which allow them to be converted into more
useful chemicals for production. One major petrochemical is ethylene,
used to create polyethylene - one of the most important plastics in
manufacturing.

The term ‘petrochemical’ can be as the same
chemicals are increasingly being derived from sources other than oil,
such as coal and . For example, methanol is commonly
produced from oil and natural gas in the US and Europe but from coal
in China. Another example is ethene, derived from oil and gas in the
US and Europe but increasingly from biomass in Brazil. Basic
chemicals, produced in large quantities, are mainly used within the
chemical industry before becoming products for the general consumer.
For example, ethanoic acid is used to make esters, much of which in
turn is sold to make paints and at that point sold to the consumer.
Huge quantities of are transported by pipeline around Europe
and used by the companies producing poly (ethene) and other
polymers.
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The production of chemicals from petroleum, and increasingly
from coal and biomass, has many technological changes. The
hydrocarbons in crude oil and gas, which are mainly alkanes,
are first separated using their differences in boiling point. They are
then converted to hydrocarbons such as branched chain alkanes,
alkenes and hydrocarbons. In turn, these hydrocarbons are
converted into a very wide range of basic chemicals which are
immediately useful (petrol, ethanol, ethane-1,2-diol) or are to
further reactions to produce useful end product (for example, phenol
to make resins and ammonia to make fertilizers).

Polymers are natural or synthetic substances composed of
very large molecules, called that are multiples of simpler
chemical units called monomers. Polymers make up many of the
materials in living organisms, including, for example, proteins,
cellulose, and nucleic acids. Moreover, they constitute the basis of
such minerals as diamond, quartz, and and such man-made
materials as concrete, glass, paper, plastics, and rubbers.

When the number of monomers is very large, the compound is
sometimes called a high polymer. Polymers are not restricted to
monomers of the same chemical composition or molecular weight and
structure. Some natural polymers are composed of one kind of
monomer. Most natural and synthetic polymers, however, are made up
of two or more different types of ; such polymers are known
as copolymers.

Organic polymers play a crucial role in living things,
providing basic structural materials and participating in vital life
processes. For example, the solid parts of all plants are made up of
polymers. These include cellulose, lignin, and various resins.
Cellulose is a polysaccharide, a polymer that is composed of
molecules. Lignin consists of a complicated three-dimensional
network of polymers. Wood resins are polymers of a simple
hydrocarbon, isoprene.

Basic inorganics are relatively low cost chemicals used
throughout manufacturing and agriculture. They are produced in very
large amounts and include chlorine, sodium hydroxide, sulfuric and
nitric acids and chemicals for fertilizers. Many emerging countries are
now able to produce petrochemicals at a cheaper price than those
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located in the US or Europe. This has led to tough competition and
producers of these chemicals worldwide have been working
continuously to reduce the costs while meeting ever more stringent
environmental and safety standards.

Specialty chemicals

This category covers a wide variety of chemicals for crop
protection, paints and inks, (dyes and pigments). It also
includes chemicals used by such industries as textiles, paper and
engineering. There has been a tendency in the US and Europe to focus
on this sector rather than the basic chemicals due to specialty
chemicals’ profitability and safer delivery. New products are being
created to meet both customer needs and new environmental
regulations. An everyday example is household paints which have
evolved from organic solvent-based to water-based. Another example
is the latest ink developed for ink-jet printers.

Consumer chemicals

Consumer chemicals are sold directly to the public. They
include, for example, detergents, soaps and other . Searching
for more effective and environmentally safe detergents has increased
over the last 20 years, particularly in finding surfactants capable of
cleaning anything from sensitive skin to large industrial plants.
Alongside with it, a lot has been done in producing a wider range of
synthetic chemicals for toiletries, cosmetics and

Vocabulary
immense - orpomubld, fertilizers —ynoopenus
OOIIHPHBIN are subjected to further reactions — mogBeprarorcst
detergents - MOIOIIME  JaJbHEHIINM PeakusIM
cpencTaa end product — KOHEUHBIH POAYKT
crucial - kmoueBoid,  feldspar — moneBoii mmar
CYILECTBEHHBIN emerging countries — pa3BHBaromuecs: cTpaHbl (C

ethene — 3TeH, FTHIIEH

(hOpMHPYIOIIIMCS PHIHKOM)

ester — CIIOKHBIH dpup specialty chemicals - cnenuamTu3UpOBaHHBIC
witness — TI€peXuTh, ObITh XUMHUKAJIMH, XUMHYECKHE IPOLYKTHl TOHKOIO
CBHETENEM OpraHU4ecKoro CHHTE3a

end-use market — PpBIHOK crop protection — 3al[UTa OCEBOB, MECTHLHIBI

KOHEYHOTO MOTPEOICHUS
straight chain - npsmas nens
branched chain -

toiletries — OaHHBIE TPUHAIC)KHOCTH, CPEACTBA
THTHECHBI
surfactant - [IAB
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pa3BETBICHHAS LETIb
aromatic  hydrocarbons  —
apoMaTHYeCcKue
YTJICBOAOPOABI

VIII. Divide the following products into three categories:

Calcium carbonate, petrol, iodine, cellulose, sulfur,
polyethylene, polypropylene, methanol, polystyrene, ammonia,
polyvinyl chloride, sodium carbonate, wool, rubber, ethene, ethanoic
acid.

Petrochemicals Polymers Basic inorganics

IX. Give the full names to the following chemical elements and
compounds:
Cl, CHOOCOOH, NaOH, H[ISO[1, HNO[I, C,H4s NH;j,
CH}OH, (C6H1005)1’1
How to read chemical formulae
In Russian, we call each chemical element either one letter (as
in the case of H,0), or a whole name from the table (for example, Cl -
xyop). As a rule, we name the elements consisting of 2 letters with a
whole name (Ca — kanbiuii, Na — Hatpuii). In English, the letters that
make them up pronounce all chemical elements. Moreover, the names
of the letters are used in English, not in Latin! Therefore, hydrogen H
is not called "ash", but [eif], and copper Cu will be pronounced as
separate letters C and U [si: ju:]. We shouldn’t also forget about the
numbers. Thus, the formula for water H,O would sound like [eiff tu:
ou] in English.
X. Choose one type of the basic chemicals and describe its
chemical and physical properties.

UNIT 2. CHEMICAL REACTORS
Read the text and answer the questions:

What types of chemical reactors do you know?
Where is a batch reactor mainly used?

N —
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3. What is the difference between batched and continuous
reactors?

4. Name the types of continuous reactors.

5. What type of continuous reactors is widely used in chemical
industry nowadays?

6. What is a catalyst?

7. What catalysts are used in fluid bed reactors in producing of
PVC (polyvinyl chloride)?

8. What conditions provide plug flow?

The reactors, in which chemicals are produced, vary in size
from a few cm’ to the vast structures that are often depicted in
photographs of industrial plants. For example, kilns that produce lime
from limestone may reach over 25 meters high. The design of the
reactor is determined by many factors but of particular importance are
the thermodynamics and kinetics of the chemical reactions being
carried out. The two main types of reactor are termed batch and
continuous reactors. Batch reactors are mainly used in a laboratory.
The reactants are placed in a test-tube, flask or beaker.

They are mixed together, often heated for the reaction to take
place and cooled afterwards. The products are poured out and, if
necessary, purified. This procedure is also carried out industrially, the
key difference being one of size of reactor and the quantities of
reactants.

Following reaction, the reactor is cleaned ready for another
batch of reactants to be added. Batch reactors are usually used when a
company wants to produce a range of products involving different
reactants and reactor conditions. They can then use the same
equipment for these reactions. Examples of processes that use batch
reactors include the manufacturing of colorants and margarine.

Continuous reactors. An alternative to a batch process is to
feed the reactants continuously into the reactor at one point, allow the
reaction to take place and withdraw the products at another point.
There must be an equal flow rate of reactants and products. While
continuous reactors are rarely used in the laboratory, a water-softener
can be regarded as an example of a continuous process. Hard water
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from the mains is passed through a tube containing an ion-exchange
resin. Reaction occurs down the tube and soft water pours out at the
exit.

Continuous reactors are normally installed when large
quantities of a chemical are being produced. It is important that the
reactor can operate for several months without a breakdown.

The residence time in the reactor is controlled by the feed
rate of reactants to the reactor. For example, if a reactor has a volume
of 20 m® and the feed rate of reactants is 40 m’ h™' the residence time
is 20 m’ /40 m’ h™" = 0.5 h. It is simple to control accurately the flow
rate of reactants.

The product from a continuous reactor tends to be of a more
consistent quality because the reaction parameters (e.g. residence
time, temperature and pressure) are better controlled than in batch
operations. They also produce less waste and require much lower
storage of both raw materials and products resulting in a more
efficient operation. The main disadvantage is their lack of flexibility
as once the reactor has been built it is only in rare cases that it can be
used to perform a different chemical reaction.

There are several types of continuous reactors that are used in
chemical industry.

In a tubular reactor, fluids (gases and/or liquids) flow
through it at high velocities. As the reactants flow, for example along
a heated pipe, they are converted to products. At high velocities, the
products are unable to diffuse back and there is almost no back
mixing. The conditions are referred to as plug flow. This reduces the
occurrence of side reactions and increases the yield of the desired
product.

With a constant flow rate, the conditions at any one point
remain constant with time. The reaction rate is faster at the pipe inlet
because the concentration of reactants is at its highest point. The
reaction rate reduces as the reactants flow through the pipe due to the
decrease in concentration of the reactant.

Tubular reactors are used, for example, in the steam cracking
of ethane, propane and butane and naphtha to produce alkenes.
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Fixed bed reactors

A heterogeneous catalyst is used frequently in industry where
gases flow through a solid catalyst (which is often in the form of small
pellets to increase the surface area). It is often described as a fixed bed
of catalyst (Figure 3).

Among the examples of their use are the manufacture of
sulfuric acid (the Contact Process, with vanadium (V) oxide as
catalyst), the manufacturing nitric acid and ammonia (the Haber
Process, with iron as the catalyst).

The further example of a fixed bed reactor is a catalytic
reforming of naphtha to produce branched chain alkanes, cycloalkanes
and aromatic hydrocarbons using usually platinum or a platinum-
rhenium alloy on an alumina support.

Fluid bed reactors

A fluid bed reactor is sometimes used whereby the catalyst
particles, which are very fine, are placed on a distributor plate. When
the gaseous reactants pass through the distributor plate, the particles
are carried with the gases forming a fluid. This ensures a very good
mix of the reactants with the catalyst, with a high contact between the
molecules of gas which provides a rapid reaction, a uniform mixture,
reducing the variability of the process conditions.

One example of using fluid bed reactors is the oxychlorination
of ethane to chloroethene (vinyl chloride), the feedstock for the
polymer poly(chloroethene) (PVC). The catalyst is copper (II)
chloride and potassium chloride deposited on the surface of alumina.
This support is so fine that it acts as a fluid when gases pass through
it.

Another example is the catalytic cracking of gas oil to produce
alkenes (ethene and propene) and petrol with a high octane rating. In a
silica-alumina catalyst fine particles of carbon are rapidly deposited
on its surface and the catalyst quickly becomes ineffective. The
catalyst, still in the form of a fluid, is regenerated as it passes into a
second vessel where it is heated strongly in air (sometimes with added
oxygen) burn off the carbon and then returned into the reaction zone
and mixed with gas oil. These reactors are larger than fixed bed
reactors and are more expensive to construct. However, it is easier to
control the conditions to make the process more efficient.
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Continuous stirred tank reactors, CSTR

In a CSTR, one or more reactants, for example in solution or
as slurry, are introduced into a reactor equipped with an impeller
(stirrer) and the products are removed continuously. The impeller stirs
the reagents vigorously to ensure good mixing so that there is a
uniform composition throughout. The composition at the outlet is the
same as in the bulk in the reactor. These are exactly the opposite
conditions to those in a tubular flow reactor where there is virtually no
mixing of the reactants and the products. A steady state must be
reached where the flow rate into the reactor equals the flow rate out,
for otherwise the tank would empty or overflow. The residence time is
calculated by dividing the volume of the tank by the average
volumetric flow rate. For example, if the flow of reactants is 10 m® h™'
and the tank volume is 1 m’, the residence time is 1/10 h, i.e. 6
minutes.

A CSTR reactor is used, for example in the production of the
amide intermediate formed in the process to produce methyl 2-
methylpropenoate. Sulfuric acid and 2-hydroxy-2-
methylpropanonitrile are fed into the tank at a temperature of 400 K.
The heat generated by the reaction is removed by cooling water fed
through coils and the residence time is about 15 minutes.

A variation of the CSTR is the loop reactor that is relatively
simple and cheap to construct. In the diagram, only one loop is shown.
However, the residence time in the reactor is adjusted by altering the
length or number of the loops in the reactor.

Loop reactors are used, for example, in the manufacturing of
poly (ethene) and the manufacture of poly(propene). Ethene (or
propene) and the catalyst are mixed, under pressure, with a diluent,
usually a hydrocarbon. A slurry is produced which is heated and
circulated around the loops. Particles of the polymer gather at the
bottom of one of the loop legs and, with some hydrocarbon diluent,
are continuously released from the system. The diluent evaporates,
leaving the solid polymer, and is then cooled to reform a liquid and
passed back into the loop system, thus recirculating the hydrocarbon.
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Vocabulary

kiln — cymmmnbHas nevnb
limestone - n3BecTHSIK
batch  reactor  —
YUKTUYECKO20 Oeliceus
continuous reactors —
HENPEPHIBHOTO IEUCTBUSA
test tube - mpoGupka
flask — cocyn

beaker - meH3ypka
ion-exchange resin —
MOHOOOMEHHBIE CMOJIBI

residence time - BpeMs
HaxOXXIEHUS (30.. B peaKTope)
rhenium — penuit (Re, 75-i
3JIeMEHT Ta0yuibl MeHieneesa)

peakmop

peakTop

diluents — pacTBOpHTENDH
recirculate - MTOBTOPHO
HPOITYCTHTH Yepe3 CHCTEMY

feed rate — mepUOOUYHOCTD
3arpy3Ku peakropa

diffuse — pacchImaThes,
pacnassThes

back mixing - oOpaTHas
peakIus

plug flow — wuzaeanpHOE
BBITCCHCHHUE

slurry — cycnensus, nuiam
vapour — napsl, HCIIapeHHs

1L Match the following words and word combinations with
their Russian equivalents. Make your own sentences with five of

them.
diluents
diffuse
lack of flexibility
catalytic reforming
residence time
reaction rate
octane rating
ion-exchange resin
reactant
volumetric flow rate

JeliCTBYIONIEE BEIIECTBO

BpEMsI HAXOX/ICHHSI B PEaKTOpe
OKTaHOBOE YHCIIO

HOHOOOMEHHBIE CMOJTBI
pacchInaThCs, PACCEUBATHCS
00BEMHBIN pacxot

OrpaHHYeHHAs (PYHKITHOHATHLHOCTH
CKOPOCTH MPOTEKAHUS PEaKIUu
pacTBOpPUTEIb

catalytic reforming

III. Translate the following extract into English.
TennooOMeHHUKH
TennooOMEHHMKH B XUMHYECKOW  MPOMBIIUIEHHOCTH
IPEACTaBIAIOT cOOOM  clenuajbHble YCTAHOBKH, IPOBOJSIINE
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PEryIMpOBKY TEMIIEpaTypbl MEXAY TEIJIOHOCUTEISIMHU. Y CTpoicTBa
MIPOBOAAT CMELIEHNE TOPAYETO U XOJIOJHOTO areHTa B ONpPENEIEeHHBIX
nponopuusx. B XuMuueckoil oTpaciu TMpoIecc Terionepeaadn
CBSI3aH C OOMEHOM TEIJIOBOH OJHEPrueil MEXAy AeHCTBYIOIINMHU
BELIECTBAMU. IToTomy, TEMII000MEHHUKHU XUMHYECKOU
IIPOMBIIITIEHHOCTH BOCTPEOOBAaHBI B IPOLIECCE CHHTE3a Pa3In4HBIX
BemiectB. KoxyxotpyOnbsie (shell and tube) TtemnooOMeHHUKH
HanboJiee pacmpoCTpaHEHbl B XUMHYECKOH MPOMBIIUIEHHOCTH. DTO
anmapaTsl, NpeIHa3HA4YeHHbIE A Iepefadd TeIla MEXAY IBYyMs
ABTOHOMHBIMH TOTOKaMH — TOpSiYUM U XxoJogHbeIM. [Iporecc
TEII000MeHa 3aKJIodaeTcs B [JBIJKEHHHM JKUAKOCTEH B pa3HBIX
nosocTax. Bo BpeMs IBHXKEHMs >KHIKOCTH ropsidas cpeia Npeaaer
TEIJIO XOJIOAHOM uepe3 CTEeHKH TeI1000MeHHbIX TpyO. Eme oqun tun
TEIUI000MEHHHKA - KOHJEHCATOPHI sl peKTU(UKAIMOHHON KOJIOHHBI
(distillation column). Ileperperpie mapsl U3 BepXHel YacTH KOJIOHHBI
MIOCTYNAIOT B KOHIEHCATOP, i€ OHU OXJIAXKIAIOTCSA A0 TEMIEPaTypsl
HachllleHWs (saturation temperature) Tpd [OMOIIM BOABI U
MIOJIHOCTBIO KOHAECHCUPYIOTCSI.

UNIT 3. CHEMICAL PROCESSES

Read the text and answer the questions:
What is a catalyst?

What are the 3 types of catalysis?

What is an autocatalysis?

What is homogeneous catalysis?

How do heterogeneous catalysts work?

. What are the most common examples of heterogeneous
catalysis?

O AW

CATALYSIS

Catalysts are integral in making plastics and many other
manufactured items. Even the human body runs on catalysts. Many
proteins in human body are actually catalysts called enzymes, which
do everything from creating signals that move your limbs to helping
digest your food. They are truly a fundamental part of life.
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Catalysts are substances that speed up reactions by providing
an alternative way for breaking and making bonds. The key to this
alternative way is a lower activation of energy than that required for
the uncatalyzed reaction.

The three types of catalysis are homogeneous, heterogeneous
and autocatalysis.

If one of the reaction products is also a catalyst for the same
or a coupled reaction, the reaction is called autocatalytic. In
autocatalysis, one of its products catalyses the reaction. One of the
simplest examples of this is in the oxidation of a solution of
ethanedioic acid (oxalic acid) by an acidified solution of potassium
manganate (VII) (potassium permanganate). The reaction is very slow
at room temperature.

If the catalyst exists in the same phase as the reactants, it is
referred to a homogeneous catalyst. Acid catalysis, organometallic
catalysis, and enzymatic catalysis are examples of homogeneous
catalysis. Most often, homogeneous catalysis involves the introduction
of an aqueous phase catalyst into an aqueous solution of reactants. In
such cases, acids and bases are often very effective catalysts, as they
can speed up reactions by affecting bond polarization.

An advantage of homogeneous catalysis is that the catalyst
mixes into the reaction mixture, allowing a very high degree of
interaction between catalyst and reactant molecules. However, unlike
with heterogeneous catalysis, the homogeneous catalyst is often
irrecoverable after the reaction has run to completion.

Homogeneous catalysts are used in variety of industrial
applications, as they allow for an increase in reaction rate without an
increase in temperature.

A heterogeneous catalyst exists in a different phase to the
reactants and products, and is often favored in industry, being easily
separated from the products, although it is often less specific and
allows side reactions to occur.

The most common examples of heterogeneous catalysis in
industry involve the reactions of gases being passed over the surface
of a solid, often a metal, a metal oxide or a zeolite.

The gas molecules interact with atoms or ions on the surface
of the solid. The first process usually involves the formation of very
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weak intermolecular bonds, a process known as physisorption,
followed by chemical bonds being formed, a process known as
chemisorptions.

Physisorption can be likened to a physical process such as
liquefaction. The enthalpy changes that occur in physisorption are
from -20 to -50 kJ mol”, which is similar to those of enthalpy
changes when a gas condenses to form a liquid. The enthalpies of
chemisorption are similar to the values found for enthalpies of
reaction. They have a very wide range, just like the range for non-
catalytic chemical reactions.

An example of the stepwise processes that occur in
heterogeneous catalysis is the oxidation of carbon monoxide to carbon
dioxide over palladium. This is a very important process in everyday
life. Motor vehicles are fitted with catalytic converters. These consist
of a metal casing in which there are two metals, palladium and
rhodium, dispersed very finely on the surface of a ceramic support that
resembles a honeycomb of holes. The converter is placed between the
engine and the outlet of the exhaust pipe.

The exhaust gases normally contain carbon monoxide and
unburned hydrocarbons that react with the excess oxygen to form
carbon dioxide and water vapour, the reaction being catalyzed
principally by the palladium:

2C0O(g) + O5(g)— 2C0x(9)

CxHy(g) + (x+¥,)02(g) —> xCO2(g) + ¥, H0(g)

The exhaust gases also contain nitrogen (II) oxide (nitric
oxide, NO), and this is removed by the reactions catalyzed principally
by the rhodium:

2C0O(g) + 2NO(g) —> 2CO(9) + N2(9)

The accepted mechanism for the oxidation of carbon
monoxide to carbon dioxide involves the chemisorptions of both
carbon monoxide molecules and oxygen molecules on the surface of
the metals. The adsorbed oxygen molecules dissociate into separate
atoms of oxygen. Each of these oxygen atoms can combine with a
chemisorbed carbon monoxide molecule to form a carbon dioxide
molecule. The carbon dioxide molecules are then desorbed from the
surface of the catalyst.
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Each of these steps has lower activation energy than the
homogeneous reaction between the carbon monoxide and oxygen.

The removal of carbon monoxide, unburned hydrocarbons and
nitrogen (II) oxide from car and lorry exhausts is very important for
this mixture leads to photochemical smog that can cause respiratory
diseases such as asthma.

Another point to consider when choosing a catalyst is that the
product must not be able to absorb too strongly to its surface. Carbon
dioxide does not adsorb strongly on platinum and palladium and so it
is rapidly desorbed into the gas phase.

A testimony to the importance of catalysis today is the award
of the Nobel Prize in Chemistry in 2007 to Gerhard Ertl for his work
in elucidating, amongst other processes, the mechanism for the
synthesis of ammonia (the Haber Process):

N2(g) + 3Ha(g) = 2NHjz(g)

Ertl obtained a crucial evidence on how iron catalyses the
dissociation of the nitrogen molecules and hydrogen molecules
leading to the formation of ammonia.

To be successful the catalyst must allow the reaction to
proceed at a suitable rate under conditions that are economically
desirable, at as low a temperature and pressure as possible. It must
also be long lasting. Some reactions lead to undesirable side products.
For example in the cracking of gas oil, carbon is formed which is
deposited on the surface of the catalyst, a zeolite, and leads to a rapid
deterioration of its effectiveness. Many catalysts are prone to
poisoning which occurs when an impurity attaches itself to the surface
of the catalyst and prevents the adsorption of the reactants. One
example is sulfur dioxide, which poisons the surface of platinum and
palladium. Thus all traces of sulfur compounds must be removed from
the petrol used in cars fitted with catalytic converters.

Furthermore, solid catalysts are much more effective if they
are finely divided as this increases the surface area.

At high temperatures, the particles of a finely divided catalyst
tend to fuse together and the powder may 'cake', a process known as
sintering. This reduces the activity of the catalyst and steps must be
taken to avoid this. One way is to add another substance, known as a
promoter. When iron is used as the catalyst in the Haber Process,
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aluminium oxide is added and acts as a barrier to the fusion of the
metal particles. A second promoter is added, potassium oxide that
appears to cause the nitrogen atoms to be chemisorbed more readily,
thus accelerating the slowest step in the reaction scheme.

The search for catalysts continues to be one of the highest
priorities for the chemical industry as it seeks to run the processes at
lower temperatures and pressure closer to the atmospheric one. The
gains from improving catalysts are both financial and environmental,
leading to lower fuel costs, for example the manufacturing of
methanol and the reduction of harmful waste gases, for example the
manufacture of ethanoic acid. Similarly, benzene and propene are
converted into cumene in the manufacture of phenol, using a zeolite
catalyst in place of aluminum chloride. This means lower
temperatures and pressures are used and the effluent produced is much
cleaner.

Furthermore, catalysts are sought which will favour one
specific reaction over another, thus again making the process much
more economic. There are benefits if a catalyst can be used rather than
another chemical that takes part stoichiometrically in the reaction and
cannot be recovered and reused. For example, aluminium chloride was
used for many years to effect the reaction between benzene and a long
chain alkene in the production of alkylbenzene sulfonates, an active
surfactant in many detergents. The aluminium chloride could not be
recycled and became waste as aluminium hydroxide and oxide. Now a
solid zeolite catalyst with acid groups is used and can be reused time
and time again with no waste products.

One more similar example is manufacturing of the most
important polymers used to make fabrics, polyamide 6 (sometimes
known as nylon 6). In this process, cyclohexanone is converted into
caprolactam via the oxime (produced by the reaction of the ketone
with hydroxylamine hydrogensulfate). The oxime is isomerised by
sulfuric acid to caprolactam, and ammonium sulphate is produced as a
by-product. However, a zeolite catalyst, with acidic sites, is now being
used to effect the rearrangement. The zeolite is regenerated and saves
the use and subsequent waste of sulfuric acid.
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Vocabulary:

zeolite - meomut honeycomb — cetka, coToBas
physisorption — ¢u3udeckas ancopOus KOHCTPYKIMs, peleTKa
chemisorptions — xumuaeckas agcopOrus photochemical smog —
liquefaction — mepexon B KHUAKOE COCTOSHHE (OTOXUMHYECKHI CMOT
enthalpy - TemoBas sHeprus (TycToii TyMaH ¢ JbIMOM U
exhaust gases — oTpaboTaHHbIE Ta3bl KOIIOTHIO)

promoter — yCHJIUTEb
sintering - cnekanue

II. Find the chemical formulae of the following compounds and
read them:

Polyamide, cyclohexanone, caprolactam, hydroxylamine
hydrogensulfate, oxime, sulfuric acid, ammonium sulphate,
alkylbenzene, ethanedioic acid, phenol.

II1.Match the terms with their definitions

enthalpy a kind of adsorption which involves a chemical reaction
between the surface and the adsorbate. chemisorption
physisorption the sum of the system's internal energy and the product

of its pressure and volume. It is a convenient state
function standardly used in many measurements in
chemical, biological, and physical systems at a constant
pressure. enthalpy

catalysts a process in which the electronic structure of the atom or
molecule is barely perturbed upon adsorption.
physisorption
chemisorption substances that speed up reactions by providing an
alternative way for breaking and making bonds
Catalysts

the Haber Process method of directly synthesizing ammonia from hydrogen
and nitrogen. the Haber Process

IV.Find information about an example of any type of
catalysis and make a presentation on this topic.
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V. Read the following text
TYPES OF CATALYSTS

Catalysts have played a huge part in the development of
sustainable processes for manufacturing chemicals. There are many
advantages in developing and using catalysts for industrial reactions.
For example, they affect the conditions that are needed, often reducing
energy demand by lowering the temperature and pressure used; they
enable alternative reactions to be used which have better atom
economy and thus reduce waste; it is possible to control reaction
pathways more precisely, reducing unwanted side products and
making it easier to separate and purify the required product. There are
several types of catalysts that are widely used in chemical industry.

Bifunctional catalysts are able to catalyze the conversion of
one compound to another, using two substances on the surface.

The most well known one is platinum impregnated on the
surface of alumina and both the metal and the oxide play their parts in
the process. The first step in the process is the dehydrogenation of
alkanes to alkenes, catalysed by the metal, followed eventually by
adsorption of the alkene molecules on alumina. As platinum is
involved, the reforming is also called platforming. The hydrogen
ensures that the resulting alkenes and cycloalkenes subsequently react
with hydrogen to form saturated compounds.

In the industrial process, naphtha vapour is passed over
platinum and rhenium, which are finely dispersed over aluminium
oxide.

If a sulfur compound is allowed to pass over the surface of the
catalyst, it is preferentially adsorbed by the rhenium. If sulfur
compounds are not removed, the reactions occurred eventually lead to
the formation of carbon which causes the activity of the catalyst to be
markedly reduced. Branched alkanes have a higher octane rating than
straight chain ones. Not only the alkanes but also cycloalkanes are
branched. All three classes of hydrocarbon have a higher octane rating
than naphtha. Besides aluminium oxide and silicon dioxide, other
oxides are important catalysts. For example, in the Contact Process
used for sulfuric acid manufacturing, the catalyst for the oxidation of
sulfur dioxide to sulfur trioxide is vanadium (V) oxide on the surface
of silica:
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280,(g) + Ox(g) —> 2S04(9)

Potassium sulfate is added as a promoter. Mixed metal oxides
catalyse several important industrial processes. The surfaces contain
two or more different metal atoms, O” ions and -OH groups. They are
particularly useful in the oxidation of hydrocarbons, where selective
oxidation is required. For example, propene can be oxidized to
propenal (acrolein) using a mixture of bismuth (III) and molybdenum
(VI) oxides.

Without the catalyst, propene is oxidized to a large number of
organic compounds, including methanal and ethanal, and eventually
forming carbon dioxide. The oxygen atoms on the surface of
molybdenum (VI) oxide are not very reactive, reacting selectively
with propene and breaking the weakest bond in the alkene to form an
allyl radical.

The allyl radical is then oxidized on the surface to yield
propenal. It is postulated that an oxygen atom that is adsorbed at a
molybdenum site oxidizes the allyl radical. Another oxygen atom,
adsorbed on a bismuth site, is then transported to the reduced
molybdenum site to replace oxygen. There is a compensating transport
of electrons to complete the cycle.

Homogeneous catalysts are less frequently used in industry
than heterogeneous catalysts, as, on completion of the reaction, they
have to be separated from the products, a process that can be very
expensive.

However, there are several important industrial processes that
are catalysed homogeneously, often using an acid or base. One
example is manufacturing of ethane-1, 2-diol from epoxyethane where
the catalyst is a trace of acid.

In the mechanism for this reaction a hydrogen ion is added at
the start, and lost at the end. The hydrogen ion functions as a catalyst.

Ziegler-Natta catalysts are organometallic compounds which
act as catalysts for the manufacturing of poly(ethene) and
poly(propene). Ziegler-Natta catalysts belong to an important class
of chemical compounds. They are remarkable for their ability to effect
the polymerization of olefins (hydrocarbons containing a double
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carbon—carbon bond) to polymers of high molecular weights and
highly ordered (stereoregular) structures.

These catalysts were originated in the 1950s by the German
chemist Karl Ziegler for the polymerization of ethylene at atmospheric
pressure. Ziegler used a catalyst consisting of a mixture of titanium
tetrachloride and an alkyl derivative of aluminum. Giulio Natta, an
Italian chemist, extended the method to other olefins and developed
further variations of the Ziegler catalyst based on his findings on the
mechanism of the polymerization reaction. The Ziegler-Natta catalysts
include many mixtures of halides of transition metals, especially
titanium, chromium, vanadium, and zirconium, with organic
derivatives of nontransition metals, particularly alkyl aluminum
compounds. For their work on the production of polyalkenes, Karl
Ziegler and Giulano Natta were awarded the Nobel Prize in Chemistry
in 1965.

The catalysts are prepared from titanium compounds with an
aluminium trialkyl which acts as a promoter. The alkyl groups used
include ethyl, hexyl and octyl. The alkene monomer, for example
ethene or propene, attaches itself to an empty coordination site on the
titanium atom and this alkene molecule then inserts itself into the
carbon-titanium bond to extend the alkyl chain. This process then
continues, thereby forming a linear polymer, poly(ethene) or
poly(propene).

The polymer is precipitated when the catalyst is destroyed on
addition of water. Because it is linear, the polymer molecules are able
to pack together closely, giving the polymer a higher melting point
and density than poly(ethene) produced by radical initiation.

Not only Ziegler-Natta catalysts allow for linear polymers to
be produced. Propene, for example could polymerize in three ways,
even if linear, to produce either atactic, isotactic or syndiotactic
polypropylene. However, this catalyst only allows the propene to be
inserted in one way to produce isotactic polypropene. Better control of
the polymerization is obtained using a new class of catalysts, the
metallocenes.
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Vocabulary

atom economy — aroMHas 3pPEKTHBHOCTD
Bifunctional catalyst — OuQyHKIMOHANBHBIN
KaTaJI3aTop

Conversion - KOHBEpCHs

Platforming — kpexune negpmenpodyxma (nao
NAAMUHOBbIM KAMAIU3AMOPOM)
Dehydrogenate — neruapupoBatb
Saturated ~ compound -
COCZIMHEHUE
Secondary
KapOOKaTHOH
Silica — (371.) IHOKCHI KPEMHHUS

Finely  dispersed —  TOHKOIMCHEPCHBIH,
MEJIKOANCIIEPCHBIN

Promoter — yckoputensb

HACBIIIICHHOE

carbocation = —  BTOPHUYHBIH

Octane rating — OKTaHOBOE
YHCIIO

Methanal - MEeTaHalb,
(opmaiberus

Ethanal — stananp, yKcycHBIH
QJIBJIETU]T

Metallocene —  MeTaJlIOLEH,
METaIJIO0OpraHuYecKoe
COeZIMHEHUE

Stereoregular -
CTEpEOperyIsIpHbIN
(BBICOKOMOJICKYJISIPHOE
COCIMHEHHE, MAaKpPOMOJICKYJIbI
KOTOpOTo COCTOST u3

OJIMHAKOBBIX MO XUMHUYCCKOMY
COCTaBY 3BCHBEB)

Low-density — oOnamarouuii
HM3KOM MIOTHOCTHIO

Halides of transition metals —

TaJOrCHHUbI TNIEPEXOOHBIX
MCTAJIJIOB
VL. Answer the following questions:
1. What are the advantages of using catalysts in chemical
industry?
2. What is the principle of bifunctional catalysts?
3. What is platforming?
4. What is the purpose of using rhenium in industrial processes?
5. What chemical element is used as a catalyst in the contact
process to produce sulfuric acid?
6. In what industrial processes are homogeneous catalyst used?
7. What are the advantages of Ziegler-Natta catalysts?
8. What chemical compounds are used as Ziegler-Natta

catalysts?

VII. Translate the following sentences into Russian paying
special attention to the passive constructions:

29




L. Catalysts affect the conditions that are needed, often reducing
energy demand by lowering the temperature and pressure.

2. The branched alkene molecule is desorbed into the gas phase.

3. In the industrial process, naphtha vapour is passed over
platinum and rhenium which are finely dispersed over aluminium
oxide.

4, If sulfur compounds are not removed, the reactions occurred
eventually lead to the formation of carbon which causes the activity of
the catalyst to be markedly reduced.

5. Potassium sulfate is added as a promoter.

6. Several important industrial processes are catalysed by mixed
metal oxides.

7. Without the catalyst, propene is oxidised to a large number of
organic compounds including methanal and ethanal.

8. These catalysts were originated in the 1950s by the German
chemist Karl Ziegler for the polymerization of ethylene at atmospheric
pressure.

9. The polymer is precipitated when the catalyst is destroyed on
addition of water.

10. Better control of the polymerization is obtained using a new
class of catalysts, the metallocenes.

VIII. Make questions to the words in bolds.

1. Catalysts have played a huge part in the development
of sustainable processes for the manufacturing chemicals.

2. The most well known catalyst is platinum
impregnated on the surface of alumina and both the metal and the
oxide play their parts in the process.

3. In the Contact Process used for sulfuric acid
manufacturing, the catalyst for the oxidation of sulfur dioxide to
sulfur trioxide is vanadium (V) oxide on the surface of silica.

4, The allyl radical is then oxidized on the surface to
yield propenal.
5. Homogeneous catalysts are less frequently used in

industry than heterogeneous catalysts.
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6. These catalysts were originated in the 1950s by the
German chemist Karl Ziegler for the polymerization of ethylene at
atmospheric pressure.

7. Giulio Natta, an Italian chemist, extended the
method to other olefins and developed further variations of the Ziegler
catalyst based on his findings on the mechanism of the polymerization
reaction.

8. For their work on the production of polyalkenes,
Karl Ziegler and Giulano Natta were awarded the Nobel Prize in
Chemistry in 1965.

9. The catalysts are prepared from titanium compounds
with an aluminium trialkyl, which acts as a promoter.

10.  Better control of the polymerization is obtained using
a new class of catalysts, the metallocenes.

Distillation
IX. Read and translate the text.

Distillation is the process of separating the components or
substances from a liquid mixture by using selective boiling and
condensation. Distillation may result in essentially complete
separation (nearly pure components), or it may be a partial separation
that increases the concentration of selected components in the mixture.
In either case, the process exploits differences in the relative volatility
of the mixture's components. In industrial processes, distillation is a
unit operation of practically universal importance, but it is a physical
separation process, not a chemical reaction. It is exemplified when
steam from a kettle becomes deposited as drops of distilled water on a
cold surface.

Aristotle mentioned that pure water is made by the
evaporation of seawater. Pliny the Elder described a primitive method
of condensation in which the oil obtained by heating rosin is collected
on wool placed in the upper part of an apparatus known as a still.

Distillation is used to separate liquids from nonvolatile solids,
as in the separation of alcoholic liquors from fermented materials, or
in the separation of two or more liquids having different boiling
points, as in the separation of gasoline, kerosene, and lubricating oil
from crude oil.
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Other industrial applications include the processing of such
chemical products as formaldehyde and phenol and the desalination of
seawater. The distillation process appears to have been utilized by the
earliest experimentalists.

Distillation of crude oil

A method called fractional distillation, or differential
distillation, has been developed for certain applications, such as
petroleum refining, because simple distillation is not efficient for
separating liquids whose boiling points lie close to one another. In this
operation, the vapours from a distillation are repeatedly condensed
and revaporized in an insulated vertical column. The most important
parts in this connection are the still heads, fractionating towers, and
condensers that permit the return of some of the condensed vapour
toward the still. The objective is to achieve the closest possible contact
between rising vapour and descending liquid to allow only the most
volatile material to proceed in the form of vapour to the receiver while
returning the less volatile material as liquid toward the still. The
purification of the more volatile component by contact between such
countercurrent streams of vapour and liquid is referred to as
rectification, or enrichment.

Crude oil is heated in a furnace (ca 650 K) and the resulting
mixture fed as a vapour into a fractionating tower which can have a
height of 25-100 m, handling volumes of over 40 000 m’ a day. The
column may contain 40-50 steel ‘sieve trays’ which fit horizontally
across the column and are designed to ensure there is intimate mixing
between the descending liquid, formed by condensation, and the rising
vapour. To affect this close contact, the trays have holes in them (‘the
sieve’) through which the vapour flows up into the liquid collecting on
the trays.

Alternatively, there may be valves fitting over the holes,
which lift up when the pressure of the vapour below the tray is greater
than the pressure on the tray. These are considered more efficient in
fractionation than sieve trays without valves.

A temperature gradient exists in the tower, with the top being
cooler than the bottom. When the rising vapour reaches a tray
containing liquid with the temperature below the boiling point (bp) of
the vapour, it partially condenses. As some of the vapour condenses to
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a liquid, the dissipated latent heat then heats more liquid, and the more
volatile components in the liquid evaporate joining the remaining
vapour and passing up the tower. The less volatile liquid flows across
the tray and down a pipe to the tray below.

This process occurs continuously in each tray, the least
volatile vapour components condensing and the most volatile
evaporating. This results in each tray containing products with a
comparatively narrow boiling point range (a close cut). This leads to
the low relative molecular mass products (low b.p.) accumulating near
the top of the tower and high relative molecular mass constituents
(high b.p.) collecting near the bottom.

The high boiling point residue from the crude oil is then
transferred to another column and distilled under vacuum; lowering
the pressure reduces the boiling point and ensures constituents distil at
temperatures below their decomposition temperature. From this
process, lubricating oils and waxes are obtained. The final residue
from the process is bitumen.

Vocabulary
selective boiling — cenexTuBHOe fractionating tower -
KHTISTYCHUE peKTH(UKAMOHHAS KOJIOHHA
partial separation — yacTHyHOe sieve tray — cuT4aTas pama
OT/IeNICHHE valve — kianan
volatility - meTydecTh close cut — 30.0 noecon,
desalination —  BBIKHITAIOIINH B y3KUX npedenax
JeMUHEepaIN3aLHs
fractional distillation -

(dpakunOHHas MTEpPEeroHKa

X. Find the English equivalents in the and make
sentences with five of them:

[Ipoucxoaute B pes3ynbraTe (4Yero-i.), MOJHOE paslesieHHe,
MOATBEP)KIATHCS, HEJETy4YHe BEIeCTBa, TeMIepaTypa KUICHU,
OIIPECHEHHE, CUTYATAas TapeJiKa, pACCEUBAThCs, KOHEUHBIH OCaIOK.

XI. Answer the questions:
1. What is distillation?
2. What is distillation used for?
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3. What is the simplest example of distillation?

4. Who was the first to describe the primitive method of
distillation?

5. What is fractional distillation?

6. Which industries use fractional distillation of crude oil?

XII. Complete the sentences 1-5 with a phrase a-e

1. Aristotle mentioned that pure water

2. Other industrial applications include the processing of such
chemical products

3. A method called fractional distillation, or differential
distillation,

4. The most important parts in this connection

5. When the rising vapour reaches a tray containing liquid with

the temperature below the boiling point (bp) of the vapour,

a. as formaldehyde and phenol and the desalination of
seawater.

b. is made by the evaporation of seawater.

c. it partially condenses.

d. Jhas  been developed for certain applications, such as
petroleum refining.

e. are the still heads, fractionating towers, and condensers that

permit the return of some of the condensed vapour toward the still.

XIII. Find the examples of distillation in nature and make a
presentation about it.

XIV.Read and translate the text.
CRACKING
Oil, and the gases associated with it, consists of a mixture of
hundreds of different hydrocarbons, containing any number of carbon
atoms from one to over a hundred. Most of these are straight chain,
saturated hydrocarbons that, except for burning, have relatively little
direct use in the chemical industry or as fuel for cars.
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Thus, the various fractions obtained from the distillation of
crude oil and the associated gases have to be treated further in oil
refineries to make them useful. The most valuable fractions for the
chemical industry, and for producing petrol, are liquefied petroleum
gas (LPG), naphtha, kerosine and gas oil. These substances are treated
in several ways including cracking, isomerisation and reforming.

Petrol (gasoline) contains a mixture of hydrocarbons, with 5 to
10 carbon atoms. The mixture of C5-C10 hydrocarbons obtained
directly from the distillation of crude oil contains a high proportion of
straight-chain alkanes. However, if this mixture is used as petrol, it
does seriously damage engines. Petrol containing a high proportion of
straight chain alkanes tends to ignite in the cylinder of the car engine
as the piston increases the pressure and before the cylinder reaches the
optimum position.

The octane rating of petrols usually available for cars range
from 95 upwards and contain a mixture of straight chain branched,
cyclic and aromatic hydrocarbons, produced by the processes
described below.

These processes are also used to convert staight-chain
hydrocarbons to hydrocarbons, which are much more useful to make
chemicals, which are then used to make a huge range of compounds
from polymers to pharmaceuticals.

Cracking, as the name suggests, is a process in which large
hydrocarbon molecules are broken down into smaller and more useful
ones.

The cracking products, such as ethene, propene, buta-1,3-
diene and C4 alkenes, are used to make many important chemicals.
Others such as branched and cyclic alkanes are added to the gasoline
fraction obtained from the distillation of crude oil to enhance the
octane rating.

Cracking is conducted at high temperatures, by two processes:

. Steam cracking which produces high yields of alkenes

. Catalytic cracking with a catalyst employed produces
high yields of branched and cyclic alkanes.

A steam cracker is one of the most technically complex and
energy intensive plants in the chemical industry. It has equipment
operating from 100 K to 1400 K and near vacuum to 100 atm. Though
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the fundamentals of the process have not changed in recent decades,
the improvements continue to be made to the energy efficiency of the
furnace, ensuring that the cost of production is continually reduced.

A catalyst allows lower reaction temperatures to be used. In
fluidised catalytic cracking, the feedstock is gas oil, which is
vaporised and passed through a zeolite, produced as a fine powder,
heated to about 700-800 K in the reactor. It is so fine that it behaves
like a fluid and continuously flows out of the furnace with the
cracking products. The temperature, residence time and the catalyst
determine the product proportions. After cracking, the catalyst is
separated from the products, regenerated by burning off deposited
carbon in air (900 K), and subsequently recycled.

The products of a catalytic cracking are:

. a gas of which ethene and propene are the main
constituents

. a liquid which is used for petrol and contains
branched- chain alkanes, cycloalkanes and aromatic hydrocarbons

. a high boiling residue used as a fuel oil

The relative proportions of the products, as noted above, can
be altered by changing the catalyst and temperature. One of several
zeolites can be used. For example, if the chosen zeolite contains ZSM-
5, the propene yield is increased.

A variant of the process is known as hydrocracking. The
cracking is carried out with hydrogen at a pressure of 80 atm and a
catalyst of finely divided platinum on silica or alumina. Because
excess hydrogen is present no alkenes are formed, and high
proportions of branched alkanes, cycloalkanes and aromatics are
produced which are essential in the formulation of high-grade 'green'
petrol. The hydrogen also decreases the tendency for the hydrocarbons
to form finely divided carbon on the catalyst surface. The reaction
products are separated by fractionation.

Hydrocracking is also used to crack heavy gas oils (which
have over 20 carbon atoms in the hydrocarbon molecule) to shorter
chain molecules similar to those in naphtha, which can then be steam-
cracked to form alkenes.

Isomerisation is the process in which hydrocarbon molecules
are rearranged into a more useful isomer. The process is particularly
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useful in enhancing the octane rating of petrol, as branched alkanes
burn more efficiently in a car engine than straight-chain alkanes.

An important example is the isomerisation of butane (from
LPG) to 2-methylpropane (isobutane). Butane vapour is passed over a
solid catalyst, aluminium chloride, on an inert solid at ca 300 K. The
two alkanes are then separated either by distillation or by passing
them through a molecular sieve, an aluminosilicate. The branched
chain alkane is trapped and the straight chain passes through and is
recirculated into the reactor. The 2-methylpropane is subsequently
released and used to make a branched alkane, 2,2,4-trimethylpentane
(iso-octane), for petrol.

Reforming is another process in which hydrocarbon molecules
are rearranged into other molecules, usually with the loss of a small
molecule such as hydrogen. An example is the conversion of an
alkane molecule into a cycloalkane or an aromatic hydrocarbon. This
is a very important process for the petroleum and chemical industries.
It enables straight chain alkanes to be converted into branched-chain
alkanes, cyclohexanes and aromatic hydrocarbons that are used to
enhance the octane rating of petrol.

Vocabulary
consist of — cocTosTh U3
contain — cogepxaTh
liquefied petroleum gas — CXK>KEHHBIH YTIIEBOIOPOIHBIN Ta3
molecular sieve — MOJIEKYIAPHOE CUTO
high proportion — BEICOKHIA IPOIIEHT, BEICOKOE COACPKAHUE
residue — ocanok
residence time — Bpemsl IpeOBIBaHUS
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XV. Answer the following questions

What are the four processes described in the text?

What is the main purpose of the processes?

What is cracking?

What are the principles of steam and catalytic cracking?
What is the main condition for conducting cracking?
What are the main cracking products?

What is hydrocracking used for?

How does reforming affect the octane rating of petrol?

PN R WD =
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