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Unit 1
Text A. Crude Oil

Task 1. Read the following words and try to remember them:

adulteration — npumelnBaHue

carbon number — uncno yrnepogHbix aToMOB
compound — x»M. coeguHeHne

gravity - nnoTHoCTb

jet fuel — peakTMBHOE TONNMBO, @aBMAKEPOCWH, aBMATOM/IMBO
lubricating stock — cMa304HbIN MaTepuan

occur — NponcxoanTb, ClyYaTbCs

refinery — HedbTenepepabaTbiBaloLWwmit 3aBoA

reforming — peOpPMUHI, KPEKMHI NIMrpOnHa

residuum — mMa3yT, ocagok

rough index — npubnMmKeHHbIN NokasaTesb

still — neperoHHbIN annapat, pekTUdUKaLMOHHasH KOJTOHHA
stock — guctnnnsaT, nepepabaTbiBaeMoe Cbipbe

tar — cmona, 6uTyMm, cnaHueBas HedTb

yield — npou3BoanTb, AaBaTb BbIXOA, BbIX0A (NpoAyKTa)

Task 2. Read the text

Crude oil is a complex mixture consisting of up to 200 or more
different organic compounds, mostly hydrocarbons. Different crudes
contain different combinations and concentrations of these various
compounds. The API (American petroleum institute) gravity of a par-
ticular crude is merely a measure of its specific gravity, or density. The
higher the API number, expressed as degrees API, the less dense
(lighter, thinner) the crude. Conversely, the lower the degrees API,
the more dense (heavier, thicker) the crude. Crude from different
fields and from different formations within a field can be similar in
composition or be significantly different. In addition to API grade and
hydrocarbons, crude is characterized for other unwanted elements like
sulfur, which is regulated and needs to be removed.

Crude oil API gravities typically range from 7 to 52 corre-
sponding to about 970 kg/m3 to 750 kg/m3, but most fall in the 20 to
45 API gravity range. Although light crude (i.e., 40-45-degree

4
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API) is good, lighter crude (i.e., 46-degree API and above) is not nec-
essarily better for a typical refinery. Looking at the chemical composi-
tion of crude, as the crude gets lighter than 40-45 degrees API, it
contains shorter molecules, or less of the desired compounds useful
as high-octane gasoline and diesel fuel, the production of which most
refiners try to maximize. Likewise, as crude gets heavier than 35 de-
grees API, it contains longer and bigger molecules that are not useful
as high-octane gasoline and diesel fuel without further processing.

For crude that have undergone detailed physical and chemical
property analysis, the API gravity can be used as a rough index of the
quality of the crude of similar composition as they naturally occur (that
is, without adulteration, mixing, blending, etc.). When crude of differ-
ent type and quality are mixed, or when different petroleum compo-
nents are mixed, API gravity cannot be used meaningfully for anything
other than a measure of the density of the fluid.

For example, consider a barrel of tar that is dissolved in 3
barrels of naphtha (lighter fluid) to produce 4 barrels of a 40-degree
API mixture. When this 4-barrel mixture is fed to a distillation column
at the inlet to a refinery, one barrel of tar plus 3 barrels of lighter fluid
is all that will come out of the still. On the other hand, 4 barrels of a
naturally occurring 40-degree API South Louisiana Sweet crude, when
fed to the distillation column at the refinery, could come out of the still
as 1.4 barrels of gasoline and naphtha, 0.6 barrels of kerosene (jet
fuel), 0.7 barrels of diesel fuel, 0.5 barrels of heavy distillate, 0.3 bar-
rels of lubricating stock, and 0.5 barrels of residuum (tar).

The chemical composition is generalized by the carbon num-
ber which is the number of carbon atoms in each molecule. The me-
dium blend is desired because it has the composition that will yield
the highest output of high-octane gasoline and diesel fuel in the crack-
ing refinery. Though the heavy stock and the light stock could be
mixed to produce a blend with the same API gravity as the medium
stock, the composition of the blend would be far different from the
medium stock. Heavy crude can be processed in a refinery by cracking
and reforming that reduces the carbon number to increase the high
value fuel yield.



YupassieHue nudppoBbIX 06pa30BaTeNbHbIX TEXHOJIOTHUM

MHOCTpaHHbIN SA3bIK (QHTJIMHACKUH)

Task 3. Find Russian equivalents for the following English words
and word collocations:
blend, sulphur; chemical composition; barrel; heavy distillate; hydro-
carbon; cracking; specific gravity; detailed analysis, distillation col-
umn, high-octane gasoline, range, maximize, specific gravity, naturally
occurring.

yrneBogopoa, yaenbHas MIOTHOCTb, AWUCTWUIMISLMOHHAS KOJMOHHA,
AMAnasoH 3HAYeHWi, NPUPOAHOrO MPOUCXOXAEHMS, YAENbHAs MoT-
HOCTb, XMMUYECKMI COCTaB, MakKCMMaJsibHO YBENNUUTL, Cepa, BbICOKO-
OKTaHOBbIN 6€H3MH, NOApPO6HbI aHanu3, 6appenb, CMECb, TSXXENbIN
ANCTUNNST, KPEKUHT.

Task 4. Say if the following sentences are true or false. Cor-
rect the false ones.

1. Crude oil consists of hydrocarbons only.

2. The lower the API number, the lighter the crude oil.

3. Most refiners try to maximize high-octane gasoline and diesel fuel.
4. The API gravity can be used as a rough index of the quality of the
crude of similar composition as they naturally occur.

5. The highest output of high-octane gasoline and diesel fuel can be
obtained from light crude.

6. Reducing the carbon number increases the high value fuel yield.

7. The heavy stock and the light stock can be mixed to produce a
blend with the same API gravity.

8. Crude oil API gravities usually range from 20 to 45 degrees.

9. As crude gets heavier than 35 degrees API, it contains shorter and
smaller molecules.

10. Crude oil is characterized for such important element as sulphur
which should be added if necessary.

Task 5. Read the text again and get ready to answer the ques-
tions:

1. What does crude oil consist of?

2. What is API?

3. What is API gravity for light crude?
6
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4. Why is crude with 46-degree API and above not so good?

5. When does crude oil contain longer and bigger molecules?

6. What does the carbon number represent?

7. Why is medium blend desired?

8. What kind of crude contains longer and bigger molecules?

9. Can we mix the heavy stock and the light stock? What is the result?
10. What can be obtained if 4 barrels of a naturally occurring 40-de-
gree API crude is fed to the distillation column?

Task 6. Match the terms and their definitions

1) hydrocarbons

a) a unit of volume, almost always used
for crude oil and petroleum products

2) chemical composition

b) processing technique by which the
molecular structure of a hydrocarbon is
rearranged to alter its properties

3) oil field

¢) a mixture of two or more things

4) API gravity

d) any substance that can provide heat
and produce energy when it is burned.

5) barrel e) complex mixture containing many
different hydrocarbon compounds

6) blend f) the process whereby complex organic
molecules are broken down into simpler
molecules

7) crude oil g) a commonly used index of the den-
sity of a crude oil or refined products

8) cracking h) a piece of land beneath which fossil
fuels (oil) can be extracted for economic
value

9) fuel i) molecules of carbon and hydrogen in

various combinations

10) reforming

j) arrangement, ratio, and type of at-
oms in molecules of chemical sub-
stances

Task 7. Discuss with your groupmates the main characteristics of
crude oil: composition, physical and chemical properties, application.

7
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Text B. Natural Gas
Task 8. Read the following words and remember them:

condensate well — kOHAeHCaTHas CKBaXKWHa

diluent — paz6aBnstowmi, pasxmxaroLmi

enhance — ynyJwuTb, ycunutb

pipeline quality natural gas — ras, cooTBeTcTBylOWMIN TpeboBa-
HWSIM TpaHCNOPTUPOBaHKS Mo Tpybonposoay

raw — cblpoi, HeobpaboTaHHbIN

recovery — fobbiva (rasa)

restriction- orpaHnyeHue

well — ckBaxunHa

wellhead - ycTbe CKBaXKWHbI

Wobbe index — nokaszatenb Yo66a (TennoTBOpHON CrocobHOCTU
TONNMBA)

Task 9. Guess the meaning of the following words and word col-
locations or look them up in a dictionary:

ethane, propane, butane, pentanes, hydrogen sulfide, carbon dioxide,
helium, nitrogen, iso-butane, gasoline, pipeline, mixture, separate, hy-
drocarbon condensate, by-products, raw materials, associated gas.

Task 10. Read the text and try to understand it.

The natural gas used by consumers is composed almost en-
tirely of methane.
However, natural gas found at the wellhead, although still composed
primarily of methane, is by no means as pure. Raw natural gas comes
from three types of wells: oil wells, gas wells, and condensate wells.
Natural gas that comes from oil wells is typically termed 'associated
gas'. This gas can exist separate from oil in the formation (free gas),
or dissolved in the crude oil (dissolved gas). Natural gas from gas and
condensate wells, in which there is little or no crude oil, is termed
'non-associated gas'. Gas wells typically produce raw natural gas by
itself, while condensate wells produce free natural gas along with a

semi-liquid hydrocarbon condensate.
8


http://www.multitran.ru/c/m.exe?t=4748150_2_1&s1=pipeline%20quality%20natural%20gas
http://www.multitran.ru/c/m.exe?t=4748150_2_1&s1=pipeline%20quality%20natural%20gas

YupassieHue nudppoBbIX 06pa30BaTeNbHbIX TEXHOJIOTHUM

MHOCTpaHHbIN SA3bIK (QHTJIMHACKUH)

Whatever the source of the natural gas, once separated from
crude oil (if present) it commonly exists in mixtures with other hydro-
carbons; principally ethane, propane, butane, and pentanes. In addi-
tion, raw natural gas contains water vapor, hydrogen sulfide (H2S),
carbon dioxide, helium, nitrogen, and other compounds.

Natural gas processing consists of separating all of the various
hydrocarbons and fluids from the pure natural gas, to produce what
is known as 'pipeline quality' dry natural gas. Major transportation
pipelines usually impose restrictions on the makeup of the natural gas
that is allowed into the pipeline and measure energy content in kJ/kg
(also called calorific value or Wobbe index).

While the ethane, propane, butane, and pentanes must be
removed from natural gas, this does not mean that they are all 'waste
products’. In fact, associated hydrocarbons, known as 'natural gas lig-
uids' (NGL) can be very valuable by-products of natural gas pro-
cessing. NGL include ethane, propane, butane, iso-butane, and natu-
ral gasoline.

These NGLs are sold separately and have a variety of different
uses; raw materials for oil refineries or petrochemical plants, as
sources of energy, and for enhancing oil recovery in oil wells. Conden-
sates are also useful as diluent for heavy crude.

Task 11. Answer the following questions:

. What is natural gas used by consumers composed of?

. What types of wells does raw natural gas come from?

. What is called 'associated gas'?

. What kind of gas is called free gas?

. What does raw natural gas contain?

. What hydrocarbons exist in mixture with natural gas?

. What does natural gas processing consist of?

. What does natural gas liquids comprise?

. Why are NGLs sold separately?

0. What restrictions do major transportation pipelines impose?

= OONOUTDNWN-
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Task 12. Complete the following sentences according to the
text

1. Condensate wells produce free natural gas along with ...

2. Natural gas separated from crude oil commonly exists in mixtures
with other hydrocarbons: ...

3. Major transportation pipelines usually ... on the makeup of the nat-
ural gas.

4, kJ/kg is also called ...or Wobbe index.

5. Ethane, propane, butane, and pentanes ... from natural gas.

6. Associated hydrocarbons are known as ...

7. NGLs can be very valuable ... of natural gas processing.

8. Condensates can be used ... for heavy crude.

Task 13. Make up phrases by matching the words in the two
columns the way they are used in the texts A and B:

1. crude a. fuel

2. natural b. property
3. transportation C. plant

4. diesel d. number
5. distillation €. gas

6. chemical f. vapor

7. heavy g. pipelines
8. petrochemical h. products
9. water i. in composition
10. waste j. column
11. carbon k. oil

12. similar . distillate

Task 14. Discuss the following topics with your groupmates:

1. Means of extraction of natural gas.
. Natural gas processing.
3. Natural gas transportation.

N

10
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Unit 2
Text A. Composition of hydrocarbons
Task 1. Read the following words and remember them:

approximate — npn6nmanTenbHbIiA, 61M3KNIN
asphalt — HedTaHOI/achanbToBLIN BUTYM
branched chain — pa3seTBneHHas uenb

clay — rnvHa, rmyMHUCTbIE MUHepansl
constituent — KOMNOHeHT, cocTaBHas 4acTb
crack - pacwennsTb, KpeKMpoBaTb

generic — 0606LleHHbIi, 6a30BbIi

impurity — npumech

refine — ounwartb, nepepabatbiBaTb
saturated rings — HacbllWeHHbIE KOMbLA
solids — TBepaas daza

sour crude — BbiICOKOCEPHUCTas cbipast HedTb
sweet crude — Hu3KocepHuCcTas HedTb

w/w (weight in weight) — BecoBoe cooTHOLLEHWE

Task 2. Guess the meaning of the following words or look them
up in a dictionary:

sulphur, vanadium, nickel, zinc, chromium, sodium, inorganic mate-
rial, iso-paraffins, naphthenes, cycloparaffins, pentane isomer, aro-
matics, octane, alkanes, petrol, nonane, hexadecane, diesel fuel, ole-
finic hydrocarbons, paraffin wax, pentane isomers, kerosene, cycloal-
kanes.

Task 3. Read the text and try to understand it

Crude oil is a mixture of hydrocarbon compounds (95 - 99 %
w/w) of different chemical composition and molecular structures with
some impurities. Most of these impurities, such as sulphur, nitrogen,
vanadium and nickel are chemically bound to the hydrocarbon struc-
tures. Others, such as sand/clay, water and water-soluble salts of zinc,
chromium and sodium are present as inorganic material.
11
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The hydrocarbons in crude oil are a mixture of three chemical
groups: paraffins (straight and branched chains are called normal- and
iso-paraffins), naphthenes (saturated rings or cycloparaffins) and ar-
omatics (one or more unsaturated rings). The most used rough dis-
tinction between crude oil types is sweet or sour. Sweet crude is nor-
mally low in sulphur and lightly paraffinic. Sour crude is usually high
in sulphur and heavily naphthenic.

The paraffin hydrocarbon component of crude oil has the
generic formula CnH2n+2, and may comprise gases, liquids, or solids
depending on their molecular weight (or the value of n). The simplest
example of this group is methane, CH4, the chief constituent of natural
gas. It has a boiling point of 164 °C and a melting point of 183 °C.
Propane and butane, C3H8, and C4H10, both are gases under ordinary
conditions, but with boiling points of 42 and 1 °C, respectively, are
relatively easily liquefied. Butane and the higher (larger carbon num-
ber) members of this series occur not only in the straight chain form,
referred to as the normal or "n”form, but also in various branched
chain structures of the same molecular formula but with different
physical and chemical properties.

Pentane isomers, C5H12, have boiling points in the range of
normal ambient conditions, and represent the approximate borderline
between gases and liquids in the paraffin series.

Normal octane, C8H18, with a melting point of 57 °C and boiling point
of 126 °C, occurs near the upper end of the liquid paraffinic constitu-
ents of gasoline.

The alkanes, also known as paraffins, are saturated hydrocar-
bons with straight or branched chains. They generally have from 5 to
40 carbon atoms per molecule. The alkanes from pentane (C5H12) to
octane (C8H18) are refined into gasoline (petrol), the ones from non-
ane (C9H20) to hexadecane (C16H34) into diesel fuel and kerosene
(primary component of many types of jet fuel), and the ones from
hexadecane upwards into fuel oil and lubricating oil. At the heavier
end of the range, paraffin wax is an alkane with approximately 25
carbon atoms, while asphalt has 35 and up, although these are usually
cracked by modern refineries into more valuable products. Any shorter
hydrocarbons are considered natural gas or natural gas liquids.

Naphthenes. Saturated hydrocarbons also occur in petro-
leum in cyclic form, and will have generic molecular formulas of the

12
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form CnH2n (if monocyclic). These cycloparaffins are referred to as
naphthenes in the petroleum industry and occur primarily as five, six,
and seven-membered rings, with and without alkyl substituents. They
also occasionally occur as various combinations of two of these ring
systems linked or fused together. Examples of naphthenes are cyclo-
pentane, cyclohexane, and methylcyclohexane.

I
CH, _~CH,~_ _~ CH~__
/ \ H,C CH, H,C CH,
H,C CH, I ‘ | ‘
H\ c—c{4 e e e e
2 2 \CH2 / \CH, /
Cyclopentane Cyclohexane Methylcyclohexane
(CsHyg) (CeHy2) (C7Hya)

The cycloalkanes, also known as naphthenes, are saturated
hydrocarbons which have one or more carbon rings to which hydrogen
atoms are attached according to the formula CnH2n.

Naphthenes are desirable FCC feedstocks because they pro-
duce high-octane gasoline. The gasoline derived from the cracking of
naphthenes has more aromatics and is heavier than the gasoline pro-
duced from the cracking of paraffins.

The boiling point and densities of naphthenes are higher than
those of alkanes having the same number of carbon atoms. Naph-
thenes commonly present in crude oil are rings with five or six carbon
atoms. These rings usually have alkyl substituents attached to them.
Mutli-ring naphthenes are present in the heavier parts of the crude
oil.

Aromatic hydrocarbons are “unsaturated hydrocarbons which have
one or more planar six-carbon rings called benzene rings, to which
hydrogen atoms are attached”. occur to a varying extent and have a
higher ratio of carbon to hydrogen than any of the commonly occur-
ring paraffins or naphthenes. Many aromatic hydrocarbons contain a

benzene ring (also referred to as an aromatic ring).
13
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The benzene ring is stabilized by resonance and the pi electrons are
delocalized in the ring structure. A few examples of aromatic hydro-
carbons are provided below. It can be observed that all these com-
pounds contain a benzene ring.

BYJU'S
CH, CH,

H I I

e C C CH
DS
HC\ ~CH HC\ ~CH HC\ ~CH

C C C

H H H
Benzene -
(Pheny! hydride) /M]:t%!\ltfgsgwm (1 ‘2%1m(3t(hyyllt?err]wzeenew

The aromatic hydrocarbons which do not contain a benzene
ring are commonly referred to as heteroarenes. All of these het-
eroarenes obey Huckel’s rule (total number of pi electrons in a mono-
cyclic ring = 4n + 2 where n is any positive integer or zero).

The aromatic content of crude oils can vary widely. The den-
sity (or °API) of a crude oil is an indicator of the aromatic content.
While the bulk of the hydrocarbon content of crude oils is represented
by the paraffins, naphthenes, and aromatics, small percentages of
several other types of compounds are also present. Olefinic hydrocar-
bons, unsaturated chain compounds having a carbon—carbon double
bond and a type formula CnH2n, also occur in natural petroleum but
only to a very small extent since they are relatively unstable.

The composition of the crude is the most important parameter
in establishing the range and quality of products that may be produced
from a refinery. The impurities of the crude, which usually make up 1
- 5 % of the total, are also very important in establishing the value of
the crude and the difficulties in converting it into marketable products.
The most important impurity of crude oil is sulphur, which is present
largely in the form of organic compounds such as mercaptans and
sulphides. Crudes containing more than 0.5 % w/w S are commonly
referred to as ‘sour’ and the others as being ‘sweet’. In general, the
sulphur content increases in the higher boiling fractions.

14
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Task 4. Find English equivalents for the following words and
word combinations:

YrNeBOAOPOAHOE COEAMHEHNE, XUMUYECKUIA COCTaB, XMMUYECKN CBS-
3aHbl C, MONEKYAPHLIN BEC, OTHOCUTENBHO JIEFKO OKMXKAETCS, CTPYK-
TYPbl C pa3BETB/IEHHLIMU LIEMNSAMM, 0BbIYHbIE YCIOBUSI BHELLHEN Cpefbl,
B Mpefenax, norpaHU4YHoOe COCTOSIHME, CMa304yHOE Macsio, LEHHbIe
MPOAYKTbI, HAaCbILWEHHbIE YrNeBOAOPOAbl, COAEpPXKaHWe apoMaTuye-
CKMX COEAMHEHWUIA, YAaCTO BCTPEYaIoLLMICS/ pacnpoCTpaHeHHbIN, yrie-
poa-yrnepoaHas ABOMHAs CBS3b, TOBAPHbIE NMPOAYKTbI

Task 5. Read the text again and answer the questions:

1. What impurities does crude oil possess?

2. What chemical groups represent hydrocarbons in crude oil?

3. What do physical and chemical properties of butane depend on?
4. What is the common difference between aromatic hydrocarbons
and paraffins or naphthenes?

5. What does the composition of the crude influence on?

6. What is the most important impurity of crude oil?

7. How does sulphur influence the properties and quality of crude oil?
8. Do naphthenes occur with or without alkyl substituents?

9. Why are the impurities of the crude very important?

10. What kind of organic compounds does sulphur represent?

11. How many carbon atoms does paraffin wax have?

Task 6. Match the beginning and the ending of the sentences

1) Most of such impurities as | @) saturated hydrocarbons with
sulphur, nitrogen, vanadium | straight or branched chains.

and nickel are
2) The hydrocarbons in crude oil | b) as ‘sour’ and the others as be-
ing ‘sweet’.

15
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3) The paraffin hydrocarbon
component of crude oil

¢) a higher ratio of carbon to hy-
drogen than any of the com-
monly occurring paraffins or
naphthenes.

4) The alkanes are

d) in establishing the range and
quality of products that may be
produced from a refinery.

5) Naphthenes occur primarily

e) may comprise gases, liquids,
or solids.

6) Aromatic hydrocarbons occur
to a varying extent and have

f) but with boiling points of 42
and 1 °C, respectively, are rela-
tively easily liquefied.

7) The bulk of the hydrocarbon
content of crude oils is

g) chemically bound to the hy-
drocarbon structures.

8) The composition of the crude
is the most important parame-
ter

h) are a mixture of three chemi-
cal groups.

9) Crudes containing more than
0.5 % w/w S are commonly re-
ferred to

i) as five, six, and seven-mem-
bered rings.

10) Propane and butane are
gases under ordinary conditions

j) represented by the paraffins,
naphthenes, and aromatics.

Task 7. Guess the kind of a hydrocarbon according to the

description

1. Its melting point is 57 °C and boiling point is 126 °C.
2. Its number of carbon atoms is 35 and more.
3. It occurs not only in the straight chain form but also in various

branched chain structures.

4. It has a boiling point of 164 °C and a melting point of 183 °C.
5. They generally have from 5 to 40 carbon atoms per molecule.
6. It has approximately 25 carbon atoms.

7. It has a boiling point of 42 °C.

8. It has a carbon—carbon double bond.
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Text B Gaseous Hydrocarbons
Task 8. Read the following words and remember them:

abundantly — B n306unun, 6orato

by-product — no6o4HbIi/conyTCTBYOLWMIA NPOAYKT
carbon black — uucTbili yrnepon, yrnepoaHas caxka
colliery — kaMeHHOYrosbHast Komnb

constituent — snemeHT, cocrtaBnsowas

explosive — B3pbIBHOI, BOCM/TaMEHSIOLLIMICS
gasoline — 6eH3uH

greenhouse gases — rasbl, Bbi3bIBalOLLME NAPHUKOBBIN 3hdekT
potent — MOLLHbIN, CUIIBHOAENCTBYOLLNIA
reinforcing agent — ynpoyHsowWwmin HanoaHUTENb
volatility — ncnapsiemoctb, netyyectb

Task 9. Read the text and try to understand it

Methane

J

is colourless, odourless gas that occurs abundantly in nature
and as a product of certain human activities. Methane is the simplest
member of the paraffin series of hydrocarbons and is among the
most potent of the greenhouse gases. Its chemical formula is CHa.

Methane is lighter than air having a specific gravity of 0.554.
It is only slightly soluble in water. It burns readily in air, forming car-
bon dioxide and water vapour; the flame is pale, slightly luminous,
and very hot. The boiling point of methane is —162 °C (-259.6 °F)
and the melting point is —182.5 °C (—=296.5 °F). Methane in general
is very stable, but mixtures of methane and air, with the methane
content between 5 and 14 percent by volume, are explosive.

17



YnpaBieHue uppoBbIX 06pa30BaATENbHBIX TEXHOJIOTUH

MHocTpaHHBIH A3bIK (AHTIMHACKUN)

Explosions of such mixtures have been frequent in coal mines and
collieries and have been the cause of many mine disasters.

Methane is an important source of hydrogen and some or-
ganic chemicals. Methane reacts with steam at high temperatures to
yield carbon monoxide and hydrogen; the latter is used in the manu-
facture of ammonia for fertilizers and explosives. Other valuable
chemicals derived from methane include methanol, chlorophorm, car-
bon tetrachloride and nitromethane. The incomplete combustion of
methane yields carbon black, which is widely used as a reinforcing
agent in rubber used for automobile tires.

Ethane

is a colourless, odourless, gaseous hydrocarbon (compound
of hydrogen and carbon), belonging to the paraffin series; its chemical
formula is CoHe. Ethane is structurally the simplest hydrocarbon that
contains a single carbon—carbon bond. The second most important
constituent of natural gas, it also occurs dissolved in petroleum oils
and as a by-product of oil refinery operations and of the carbonization
of coal. The industrial importance of ethane is based upon the ease
with which it may be converted to ethylene (C2H4) and hydrogen by
pyrolysis, or cracking, when passed through hot tubes.

Butane

J

is either of two colourless, odourless, gaseous hydrocarbon
(compound of carbon and hydrogen), members of the series of paraf-
finic hydrocarbons. Their chemical formula is C4H10. The compound in
which the carbon atoms are linked in a straight chain is denoted nor-
mal butane, or nbutane; the branched-chain form is isobutane.
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Both compounds occur in natural gas and in crude oil and are formed
in large quantities in the refining of petroleum to produce gasoline.

The butanes present in natural gas can be separated from the
large quantities of lower-boiling gaseous constituents, such as me-
thane and ethane, by absorption in a light oil. The butanes thus ob-
tained can be stripped from the absorbent along with propane and
marketed as liquefied petroleum gas (LPG), or they can be separated
from the propane and then from each other by fractional distilla-
tion: n-butane boils at -0.5° C (31.1° F); isobutane boils at -11.7° C
(10.9° F). Butanes formed by catalytic cracking and other refinery pro-
cesses are also recovered by absorption into a light oil.

Commercially, n-butane can be added to gasoline to increase
its volatility. Transformed to isobutane in a refinery process known as
isomerization, it can be reacted with certain other hydrocarbons such
as butylene to form valuable high-octane constituents of gasoline.

Propane

o

is a colourless, easily liquefied, gaseous hydrocarbon (com-
pound of carbon and hydrogen), is the third member of the paraffin
series following methane and ethane. The chemical formula for pro-
pane is C3Hs. It is separated in large quantities from natural gas, light
crude oil, and oil-refinery gases and is commercially available as lig-
uefied propane or as a major constituent of liquefied petroleum gas
(LPG).

As with ethane and other paraffin hydrocarbons, propane is
an important raw material for the ethylene petrochemical industry.
The decomposition of propane in hot tubes to form ethylene also
yields another important product, propylene. From propylene such or-
ganic chemicals as acetone and propylene glycol are derived. The ox-
idation of propane to such compounds of carbon, hydrogen, and oxy-
gen as acetaldehyde is also of commercial interest.
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Although a gas at ordinary atmospheric pressure, propane has
a boiling point of -42.1° C (—43.8° F) and thus is readily liquefied un-
der elevated pressures. It therefore is transported and handled as a
liquid in cylinders and tanks. In this form, alone or mixed with lig-
uid butane, it has great importance as a fuel for domestic and indus-
trial uses and for internal-combustion engines.

Task 10. Find English equivalents for the following words and
word combinations:

6ecuBeTHbIN, 6e3 3anaxa, onpeaeneHHas AesTENbHOCTb YesoBeKa,
yAenbHasi NoTHOCTb, ABYOKMCb Yr/iepoaa, BOASIHOW nap, opraHuye-
CKve BellecTBa (XMMUKaTbl), HEMOMHOE CropaHue, MPUPOAHbLIN ras,
COKMKEHHBIA HedTaHOW ra3, abcopbupytollee BeLLECTBO, aTMocdep-
HOe [AaBJieHMe, NIErKO OKMXXAETCS MPW NOBBILEHHOM AaBJIEHWK, TOM-
NMBO AN UCMO/Ib30BaHMS B AOMALUHMX YCIOBUSX U MPOMbILLIIEHHOCTH,
[Buratenb BHYTPEHHEro cropaHus, HedTenepepabatbiBatolee npo-
N3BOACTBO.

Task 11. Write out from the text the names of the following
chemicals and chemical processes and read them aloud:

KWUCNOpOoA, METaH, 3TaH, 6yTaH, NponaH, NnapadMHOBbLIN YrIEBOAOPOA,
BOAOPOA, YrNepod, MOHOKCU yrnepoda, aMMUaK, MeTaHos, Xopo-
hopM, TeTpaxnopMeTaH, HUTPOMETaH, Pe3nHa, Macsio Ha HedTaHoM
OCHOBE, KOKCOBaHMWE, 3TWUMEH, MUPONU3, KPEKUHT, NapaduHoBbIE yr-
neBoaopoabl, M306yTaH, MpaKLUMOHNMPOBAHHAA NeperoHKa, KatanuTu-
YECKUIA KPEKMHT, U30Mepu3aLus, nponueH, NponuaeHrnkonb, ale-
TOH, YKCYCHbIVi anbaerva (auetanbaerua).

Task 12. Read the text again and answer the questions:

1. Is methane soluble in water?

2. What does methane produce while burning?

3. What valuable chemicals are derived from methane?

4. What does the incomplete combustion of methane yield? Where is
it used?
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5. Which chemicals can be obtained from ethane? What kind of tech-
niques are used?

6. What is the difference between r-butane and isobutane?

7. Where do rbutane and isobutane occur and where are they formed
in large quantities?

8. What are the boiling points of n-butane and isobutane?

9. Can butanes be recovered into a light oil? If yes, which method is
used?

10. Which gas is a major constituent of liquefied petroleum gas (LPG)?
11. What product does the decomposition of propane yield?

12. What chemicals are derived from propylene?

13. Where is liquefied propane used as a fuel?

Task 13. Match the names of chemicals (1-8) and their defi-
nitions (a-h):

1. propane a. Its mixtures with air are very explosive.

2. ethane b. It can be derived from methane.

3. methane ¢. It can be added to gasoline to increase
its volatility.

4. hydrogen d. Organic chemicals such as ace-
tone and propylene glycol are derived from
it.

5. carbon tetrachlo- | e. It is the second most important constit-

ride uent of natural gas.

6. n-butane f. It is obtained as a result of the oxidation
of propane.

7. propylene g. Its chemical formula is C3Hs.

8. acetaldehyde h. It is used in the manufacture of ammo-
nia for fertilizers and explosives.

Task 14. Tell if the following sentences are true or false. Cor-
rect the false ones.

1. Methane is one of the main reasons for greenhouse effect.
2. Mixtures of methane and air, with the methane content between
0.554 and 1 percent by volume, are explosive.
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3. Methane reacts with steam at low temperatures to yield carbon
monoxide and hydrogen.

4, The incomplete combustion of methane yields coal.

5. Ethane is the most complex hydrocarbon in structure.

6. Methane and ethane are higher-boiling gaseous constituents than
the butanes.

7. N-butane can be transformed to isobutane.

8. Propylene can be obtained by the method of decomposition of eth-
ylene.

9. Propane cannot be liquefied at all.

Task 15. Tell about some of the chemicals mentioned in the
text, describe their most important properties and applications.

Unit 3. Text Compression

Cpeam OCHOBHbIX 3TanoB Hay4YHO-MHGOPMaLMOHHON AesTENb-
HOCTV Ba)XHOE MECTO 3aHMMaeT aHaJIMTUKO-CMHTETUYECKas nepepa-
60Tka MocTynatollen MHhopMaLMM Ha POAHOM U UHOCTPAHHBIX A3bl-
Kax, BK/oYatoLlasl NepeBos C OAHOro A3blka Ha Apyroi, 0630pbl, aH-
HOTMPOBaHWe, pecdepnpoBaHuE U T.4.

Pedepar (Review) — 370 COkaToe, KpaTKOe M3M0XeHWE
TEKCTa C OCHOBHbIMU (haKTUYECKUMU AAHHBIMU, BbIBOAAMU U PEKOMEH-
Aaunamu. Mo NonHoTe U3N0XKEHUS CcoAepXXaHus NevaTHoro TekcTa pe-
depaTbl NpUHATO AeNUTb Ha pedepaTbi-pestoMe u pedepaTbl-KOH-
CMNEeKThI.

TpebosaHus kK COCTas/IEHNIO pegepara:

1. Pedepat cTponTCa Ha OCHOBE KNtoYeBbIX parMeH-
TOB, BbIAENIEHHbIX U3 TeKCTa.
2. PedepaT gomkeH 6biTb HanUcaH MTepaTypHbIM

S3bIKOM C UCMOJIb30BaHMEM HayYHON TEPMUHOMOMMK, NPUHSTON B
Hay4HOW NuTepaType Mo TOM UK MHOW OTPacin HayKu U TEXHUKM.
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3. PedepaTt gomkeH 06bEKTUBHO M TOYHO OTpaXkaTb CO-
[ep>XaHne NepBONCTOYHMKA; Hefb3s BHOCUTb Kakme-nmbo n3MeHe-
HUS UK OMOJTHEHMS MO CyLLecTBY pedeprpyemoit paboTsl.

4, He cneayet B pedepaTte M3naraTb COBCTBEHHYIO
TOYKY 3PEHUSI UNN KPUTUYECKME 3aMeYaHUs.

CTpyKTypa pegepara:

1) BbixoAHblE AaHHbIE UCTOYHMKA: haMUINS U UHULK-
anbl aBTOpA, 3arnasve, U3daTenbCTBo, MECTO, roj u3aaHus (ans
XypHana — Ha3BaHWe u HOMep).

2) naBHas MbiCib, naest pedepmpyeMoro MmaTepuana.

3) M3noxeHue coaepxxanusi: pedepupyemblii MaTepvan
n3naraeTcsl B NOCNeA0BaTENbHOCTM, B KOTOPOW OH NpUBOAUTCS B
TeKkcre.

4) BbiBOAbI @aBTOpa MK pe3ynbTaTbl UCCNEL0BaHUM.

lTopsiaok pabotsl Hag pegepartom.

1. MpocMOTpeTb TEKCT C Lenblo 03HAaKOM/EHUS C ero coaep-
XKaHueM.

2. O3HaKOMUTBLCS C rpacmyeckon YacTbio (YepTexamu, cxe-
MaMu, Tabnuuamu
W T.M.) C LUefbl0 YTOUYHEHUS coAepXXaHUs TeKCTa Mpu YTeHuu.

3. BoigenuTb ab3aubl TeKCTa, coaepXkallme OCHOBHYO MHGOpP-
Mauuio, NoATBEPXAAOLLYH, PacKpblBalOLWYO U YTOYHSIOLWYIO 3arna-
BME TeKCTa.

4. ONycTuUTb BTOPOCTENEHHY MH(OPMaLMIO.

5. NMoBTOpPHO NpounTaTb BbIAENEHHbIE ab3aLlbl.

6. MNpeobpa3oBaTb CNOXHbIE CUHTAKCUYECKNE KOHCTPYKUMK B
6onee npocTble.

8. 0606WKTb OTAENbHbIE CBEAEHUS B €AMHbINA CBSA3HbIN TEKCT.

9. 3anucaTb NOMy4YEHHYI0 COKpaLLEHHYD WHGOpMauMio Mo
YKQ3aHHOMW BbILLIE CXEME.

AHHoTauus (Abstract / Summary) — 370 KpaTKas Xxapak-

TEPUCTUKA TEKCTA C U3NTOXEHNEM Haubonee BaXHbIX MOMOXEHWUNA.
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OCHOBHbIM OT/IMYMEM aHHOTaUMK OT pedepaTa SBMSETCS TO, YTO pe-
epaT AaeT npeacTaBneHMe 0 COAEPXKAaHWM OPUrMHAa, a aHHOTaUWs
— TO/bKO O ero TeMaTuke. AHHOTaLMA NepPeYncsIsieT, Ha3biBaeT npo-
61eMbl OPUrMHANa, HO He PacKpbIBAET UX.

Mo ueneBoMy Ha3HAYEHWUIO M COAEPXKaHMIO aHHOTauuM noa-
pa3fensoTca Ha CNpaBOYHbIE Y peKoMeHaaTeNbHble (MK UHGOopMa-
LIMOHHBIE M OMNUCaTeSbHbIE), CNELMANN3UPOBAHHbIE U 0BLIME.

TpeboBaHns K COCTaBIIEHMIO GHHOTALMN.

1. Mpwu cocTaBneHnn aHHoTauum cneayet nsberatb
CNOXHBIX KOHCTPYKLIMIA U NPEANOXEHUM.

2. AHHOTaUMIO HeO6X0AMMO COCTaBNSATb, COXPaHSS No-
rMYecKyto CTPYKTYpY TeKCTa.

3. [ns 0606weHns nHdbopMaumm pekoMeHayeTcs mc-
Nnonb30BaTb cneumanbHble 060poThl 1 hpasbl-KuLe, NpMBeaeHHbIe
HUXeE.

4, HasBaHus dupM, KOMNaHuiA cneayeT AaBaTtb B UX
OpPVUrMHaNbHOM HanucaHun; abbpeBnaTypbl U pasfnnyHble CoKpalle-
HUS HeobX0AMMO MCMNONBL30BaTh B COOTBETCTBUM C O6LLENPUHSATHIMM
B CMPaBOYHON NMTepaType.

CTDYKTypa aHHOTaLMM.
1) BbiXxoAHble AaHHbIe UCTOYHMKA: (DaMUAUS U MHULIK-

anbl aBTOpa, 3arnaeve, U3daTenbCTBo, MECTO, roj u3aaHus (ans
XXypHana — Ha3BaHWe U HOMep).

2) BBeaeHwue obLueii TeMbI.

3) MpeaenbHo KpaTKoe M3noXKeHne OCHOBHbLIX BOMPO-
COB, pacCMaTpMBaEMbIX B TEKCTE.

4) O6wwue BbIBOABI MK 3aK/THOYEHUs] aBTOpa CTaThh,

3MOLIMOHA/IbHO-OLIEHOUYHOE OTHOLLEHWE COCTABUTENS aHHOTaLMK K
aHHOTVPYEMOMY TEKCTY.

CII1COK BbIPaXEHMY, PEKOMEHAYEMbIX A/1S HAIMCaHUs pege-
para v aHHOTaLMN.:
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1. The article (text) is entitled ... CraTbsl 03arnaenexa ...

The article is head-lined ...
2. The author of the article is ... ABTOp CTaTb — ...

The article is written by ... CraTbsl HanucaHa ...
3. Itis (was) published in ... OHa (6bi1a) onybsmMkoBaHa B ...
4. The main idea of the article is ... | OcHoBHas nages craTbm ...
The subject of information is ... Tema coobuienus ...
The article deals with ... CraTbsl paccMaTpumBaerT ...
The text is about ... B TekcTe coobwaetcs o ...
The article is devoted to ... CraTba nocesLleHa ...
The article touches upon ... CraTbsl 3aTparvBaer ...
The article describes ... CraTbs ONMCHIBAET ...
5. The author reports (states, ABTOp cooblaeT (3aaBnserT,
stresses, thinks) ... NnoA4YepKMBaET, AyMaET) ...
It is pointed out that... YKa3blBaeTcs, 4To ...
It is stressed that ... MoagyepkmBaeTcs, YTo ...
It is shown that... Moka3aHo, uTo ...
The problems of ... are considered | PaccmaTtpuBatoTcs npobnems ...
Special attention is given to ... Ocoboe BHMMaHWe yaensieTcs ...
An important information is given MpenocTaBnsieTcs BaXKHas UH-
on.. dopmaums o ...
5. The conclusion is made that ... [enaeTcs BbIBOA O ...
Conclusions are drawn ... [enatoTcs BbIBOADI ...
The author comes to the conclusion | ABTOp npuxoauT K BbIBOAY,
that ... yTO...
6. The article is of importance (in- Cratbs BaxHa (npencraensiet
terest) to ... MHTEepec) ans ...
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Task 1. Read the text and write an abstract using the recommended
expressions

From carbon black to PVC

Before oil and gas were freely available, people made everyday
things from natural materials. Clothes were made from cotton, wool,
and leather. Containers, for example bottles and cups, were made from
metal, glass, and clay (soft earth that becomes hard when cooked).
Paints and cosmetics were made from plants and minerals.

One example of a natural product is carbon black. It's a colour-
ing used in ink for writing and drawing and for paint. It is made by
burning wood, oil, or other natural materials. It was discovered in pre-
historic times, and it's commonly used today.

The first petrochemical factory was built in 1872, and it made
carbon black from natural gas. Carbon black wasn't a new product, but
using a factory was a new way of making it. It became possible to make
large amounts of it cheaply because natural gas was plentiful and inex-
pensive. At that time, carbon black was used to make ink, paint, and
crayons. It is now used mostly to make car tyres.

In the early 1900s, the petrochemical business began to grow.
There were a lot of oil refineries, and they created chemical by-prod-
ucts. Oil companies wanted to find ways to use these chemicals.

Soon scientists and engineers learned to change the hydrocar-
bon molecules in coal, petroleum, and refinery by-products. From the
1920s to the 1940s, familiar man-made products like nylon, polysty-
rene, and polyvinyl chloride (PVC) were developed. Synthetic dyes,
paints, and medicines were invented.

Today, petrochemical products are everywhere. They are very
useful, but they also have some problems. People throw away a lot of
plastic products because they are inexpensive. One problem with plas-
tics is that generally they do not rot or break up like natural materials.
Plastic bags are already polluting oceans and killing wildlife. They can-
not easily be remelted and reused. Scientists and petrochemical manu-
facturers continue their work to develop safe and useful products.
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Unit 4
Text A. Petroleum Refineries

Task 1 Write down and try to remember the following words and
expressions:

atmospheric residue — octaTok aTMocdepHOt NeperoHku, MasyT
conversion unit — ycraHoBka no nepepaboTke

cut - dpakums, cogepxaHne sogbl/rasa B HedTH

downstream process — npouecc nepepabotku HedTH 1 rasa

feed (fed, fed) — nogasaTb, BBOAUTH

feedstock — ncxoaHoe coipbe

fraction — KOMNOHEHT Hed TN, NPOAYKT NEPErOHKM

hydroskimming — nepsuyHass nepepabotka (rnapoobnaropaxusa-
HKe)

oblige - 06s3bIBaTh

product slate — accoptumeHT npoaykumm

refinery — HecbTenepepabaTbiBaloLwmnii 3aBoA,

reform — obnaropaxwuBatb, y/ydllaTb Ka4eCTBO

sequence — rnoc/e0BaTe/IbHOCTb

steam cracker — napoBasi KPeKMHr-yCTaHOBKa

vacuum gasoil — BakyyMHblii ra3oinb

vacuum residue — ocTaTku BaKyyMHOW NEPErOHKN, BaKyyMHbIA Ma3yT

Task 2 Read the text.

Petroleum refineries are complex plants, where the combina-
tion and sequence of processes are usually very specific to the charac-
teristics of the raw materials (crude oil) and the products to be pro-
duced. In a refinery, portions of the outputs from some processes are
fed back into the same process, fed to new processes, fed back to a
previous process or blended with other outputs to form finished prod-
ucts. All refineries are different regarding their configuration, process
integration, feedstock, feedstock flexibility, products, product mix, unit
size and design and control systems. In addition, differences in owner’s
strategy, market situation, location and age of the refinery, historic de-
velopment, available infrastructure and environmental regulation are
amongst other reasons for the wide variety in refinery concepts, designs
and modes of operation.
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The production of a large number of fuels is by far the most
important function of refineries and will generally determine the overall
configuration and operation. Nevertheless, some refineries can produce
valuable non-fuel products such as feedstocks for the chemical and pet-
rochemical industries. Examples are mixed naphtha feed for a steam
cracker, recovered propylene, butylenes for polymer applications and
aromatics manufacture. Other speciality products from a refinery in-
clude bitumen, lubricating oils, waxes and coke.

Refining crude oil into usable petroleum products can be sepa-
rated into two phases and a number of supporting operations. The first
phase is desalting of crude oil and the subsequent distillation into its
various components or "fractions". A further distillation of the lighter
components and naphtha is carried out to recover methane and ethane
for use as refinery fuel, LPG (propane and butane), gasoline blending
components and petrochemical feedstocks. This light product separa-
tion is done in every refinery.

The second phase is made up of three different types of
"downstream" processes: combining, breaking and reshaping fractions.
These processes change the molecular structure of hydrocarbon mole-
cules either by breaking them into smaller molecules, joining them to
form larger molecules, or reshaping them into higher quality molecules.
The goal of those processes is to convert some of the distillation frac-
tions into marketable petroleum products through any combination of
downstream processes. Those processes define the various refinery
types, of which the simplest is the ‘Hydroskimming’, which merely de-
sulphurises and catalytically reforms selected cuts from the distillation
unit. The amounts of the various products obtained are determined al-
most entirely by the crude composition. If the product mix no longer
matches the market requirements, conversion units have to be added
to restore the balance.

The market demand has for many years obliged refineries to
convert heavier fractions to lighter fractions with a higher value. These
refineries separate the atmospheric residue into vacuum gasoil and vac-
uum residue fractions by distillation under high vacuum, and then feed
one or both of these cuts to the appropriate conversion units. Thus, by
inclusion of conversion units, the product slate can be altered to suit
market requirements irrespective of the crude type. The number and
the possible combinations of conversion units are large.

Task 3. Find English equivalents for the following collocations:
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PbIHOYHBIM CNPOC; COOTBETCTBOBATb TPEGOBAHUSAM pbiHKA (2); HE3aBU-
CUMO OT TWUNa cbipoi HedTH; obeccepuTb/aecynbdypupoBaTh; BOCCTa-
HOBWTb 6anaHc; MOXXHO pa3genuTb Ha Age dasbl; pexxunM paboTbl; BO3-
MOXHbI€ COMETaHUs; COCTOATb U3; nocseayowas AMCTUANAUNS; n3me-
HWUTb MOJIEKYNISIPHOE CTPOEHME; (hOPMUPOBAHME NPOAYKTOB NEPErOHKM.

Task 4. Find 10-12 international words in the text above and trans-
late them.

Task 5. Make up phrases by matching the words in the two col-
umns the way they are used in the text:

1. product a. refineries
2. historic b. materials
3. control c. structure
4. petroleum d. development
5. petrochemical €. unit

6. steam f. demand

7. supporting g. oils

8. downstream h. residue

9. market i. industry

10. atmospheric j. systems

11. lubricating K. mix

12. distillation |. processes
13. molecular m. operations
14. raw n. cracker

Task 6. Answer the questions:

1) What do the combination and sequence of processes at the refinery
depend on?

2) What determines the overall configuration and operation of the re-
finery?

3) What are the reasons for designs and modes of operation?

4) What is the first phase of refining crude oil?

5) What processes is the second phase made up of?

6) How do the processes of the second phase change the molecular
structure of hydrocarbon molecules?

7) Why can the product slate be altered?
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8) How do refineries separate the atmospheric residue into vacuum
gasoil and vacuum residue fractions?

9) What non-fuel products do some refineries produce?

10. What determines the amounts of the various products obtained?

Task 7. Complete the sentences with the words and word com-
binations below:

can produce, breaking, have to be added, is carried out, selected,
lighter fractions, regarding, to convert

1. The refineries are different ... their configuration, process integration,
feedstock, feedstock flexibility, products, product mix, unit size and de-
sign and control systems.

2. Some refineries ... valuable non-fuel products.

3. Distillation of the lighter components and naphtha ... to recover me-
thane and ethane for use as refinery fuel.

4. The goal of downstream processes is ... some of the distillation frac-
tions into marketable petroleum products.

5. Hydroskimming desulphurises and catalytically reforms ... cuts from
the distillation unit.

6. Conversion units ... to restore the balance if the product mix no
longer matches the market requirements.

7. Refineries have to convert heavier fractions to ... with a higher value.
8. The types of "downstream" processes are combining, ... and reshap-
ing fractions.

Task 8. Write an abstract of the text using the recommended
expressions in Unit 3.

Text B. Atmospheric and Vacuum Distillation
Task 9. Read the following words and try to remember them:

coking — 3aKkOKCOBbIBaHue

draw — noroH, gpakums

flashed vapour — BbigensieMbiin nap

fractionation tray — Tapenka pekTU®UKaLUMOHHON KOJTOHHbI
hydrotreatment — rugpoouncrka
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reflux drum — pednekcHas eMKoCTb, C6OpHMK BO3BpaTa

side stream — 6okoBas dpakums

steam ejector — napocTpyWiHbIi Hacoc

strip — oTaensTb, OTroOHATL

stripping steam — TexHOIOrMYeCKMit/OTrOHOYHbIN Nap

stripping tower — kofoHHa AN OTroHa Nerkux dpakuuii, oTnapHas
KOJIOHHA

treater — TexHonorn4yeckas yctaHoBKa, KOJIOHHa

Task 10. Read the text and try to understand it.
These are two primary distillations preceded by crude oil de-

salting and they are the first and fundamental separation processes in
a refinery.

desalter s
120 —
e L
B
heavy gas ol
I L
Fallwabar

199 Enewclopmdia Britannics, e,

The CDU is the first important processing step in a refinery.
Crude oil is heated to elevated temperatures and then generally sub-
jected to distillation under atmospheric pressure (or slighly higher) sep-
arating the various fractions according to their boiling range. Heavier
fractions from the bottom of the CDU, which do not vaporise in this
column, can be further separated later by vacuum distillation.

Atmospheric distillation involves the heating, vaporisation, frac-
tionation, condensation, and cooling of feedstocks. The desalted crude
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oil is heated to about 300 - 400 .C and fed to a vertical distillation col-
umn at atmospheric pressure where most of the feed is vaporised and
separated into its various fractions by condensing on 30 to 50 fraction-
ation trays, each corresponding to a different condensation tempera-
ture. The lighter fractions condense and are collected towards the top
of the column. The overhead hydrocarbon vapours are condensed and
accumulated in the overhead reflux drum of the main fractionator. In
this drum sour water, light fractions and stripping steam are separated
from the hydrocarbon liquid. The overhead hydrocarbon liquid, the so-
called naphtha minus stream, is commonly fed directly to the down-
stream naphtha treater. Within each atmospheric distillation tower, a
number of side-streams of low-boiling point components are removed
from different trays in the tower. These low-boiling point mixtures are
in equilibrium with heavier components which must be removed. The
side-streams are each sent to a different small stripping tower contain-
ing four to ten trays with steam injected under the bottom tray. The
steam strips the light-end components from the heavier components
and both the steam and light-ends are fed back to the atmospheric
distillation tower above the corresponding side-stream draw tray. Most
of these fractions generated in the atmospheric distillation column can
be sold as finished products after a hydrotreatment, or blended with
products from downstream processes.

Vacuum distillation.
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Atmospheric residue is heated up to 400 °C, partially vaporised
(30 - 70 % by weight) and flashed into the base of the vacuum column
at a pressure between 40 and 100 mbar. The vacuum inside the frac-
tionator is maintained with steam ejectors, vacuum pumps, barometric
condensers or surface condensers. The injection of superheated steam
at the base of the vacuum fractionator column further reduces the par-
tial pressure of the hydrocarbons in the tower, facilitating vaporisation
and separation. The unvaporised part of the feed forms the bottom
product and its temperature is controlled at about 355°C to minimise
coking. The flashed vapour rising through the column is contacted with
wash oil (vacuum distillate) to wash out entrained liquid, coke and met-
als. The washed vapour is condensed in two or three main spray sec-
tions. In the lower sections of the column the heavy vacuum distillate
and optional medium vacuum gasoil are condensed. In the upper sec-
tion of the vacuum column the light vacuum distillate is condensed.
Light (non-condensable) components and steam from the top of the
column are condensed and accumulated in an overhead drum for sep-
arating the light noncondensables, the heavier condensed gasoil and
the water phase. The most important operational aspect of a vacuum
unit is the quality of the heavy vacuum gasoil, especially when this is
fed to a hydrocracker unit.

Task 11. Guess the meaning of the word combinations or look them
up in a dictionary:

crude oil desalting; processing step; boiling range; condensation tem-
perature; overhead hydrocarbon vapours; low-boiling point compo-
nents; blended with products; superheated steam; light-end compo-
nents; bottom product; washed vapour; light nhoncondensables; main
fractionators; are in equilibrium; atmospheric residue; wash oil.

Task 12. Match the words in Column A with the synonyms in Col-
umn B.

Column A Column B
1. step a. form
2. involve b. constituent
3. corresponding c. different
4. commonly d. fluid
5. component e. include
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6. generate f. vapour

7. blend g. usually

8. various h. stage

9. liquid i. installation
10. a number of j. appropriate
11. steam K. decrease
12. unit l. mix

13. reduce m. an array of

Task 13. Answer the questions on the text:

1. What are fundamental separation processes in a refinery?
2. What does atmospheric distillation involve?
3. How many fractionation trays are there in a vertical distillation col-

umn?

4. What is the pressure in a vacuum column?

5. What is done to minimize coking?

6. What is condensed in the lower sections of the vacuum column?
7. Which process can be used for heavier fractions from the bottom of

the CDU?

8. Where are the overhead hydrocarbon vapors condensed and accu-

mulated?

9. How is the feed separated into its various fractions in a vertical dis-

tillation column?

10. What happens in the overhead reflux drum of the main fractionator?

Task 14. Match the beginning and the ending of the sentences

1) Crude oil is heated to elevated
temperatures and then sub-
jected to distillation

a) are separated from the hydro-
carbon liquid in the overhead re-
flux drum.

2) Heavier fractions which do not
vaporize in the CDU

b) be sold as finished products af-
ter a hydrotreatment.

3) The lighter fractions condense
and are collected

c) the atmospheric distillation
tower.

4) Sour water, light fractions and
stripping steam

d) in the lower sections of the col-
umn.

5) The steam strips the light-end
components from the

e) can be further separated later
by vacuum distillation.
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6) Both the steam and light-ends | f) heavier components.
are fed back to

7) Most of the fractions gener- | g) under atmospheric pressure.
ated in the atmospheric distilla-
tion column can

8) The heavy vacuum distillate | h) towards the top of the column.
and optional medium vacuum
gasoil are condensed

Task 15. Tell about the two primary distillation processes: at-
mospheric and vacuum.

Unit 5
Text A. Hydrocracking

Taskl. Write down the words and remember them:

deasphalted oil — geacchanbtuzar
dewaxing- yaaneHue napaguHa

feed — vcxoaHbIV NpoayKT

fixed-bed reactor — peakTop ¢ HENOABMXHBIM CNIOEM KaTanu3laTopa
foul — oTpaBnsATb (KaTanmsaTop)
hydroconversion — rugponepepabotka
once-through — ogHoKkpaTHbIN

process stream — TEXHOIOrMYECKUIA NMOTOK
smoke point — BbiCOTa HEKOMTALLErO NIAMEHM
sour water — cepocoaepxallasl Boaa
suppress — NnoaasBnsTb

two-fold — aBoitHON, ABOSIKMIA
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Task 2. Read the text:

Single Stage
{with recycle)

Legend
H 3 = Hydrogen
R = Reactaor
F = Fractionstor
G o= Off Gaz
P = Product

Twio Stage

It is one of the most versatile of all refining processes, capable
of converting any fraction from atmospheric gasoils to residual
(deasphalted) oil into products with a lower molecular weight than the
feed. The hydrocracking reactions occur under high hydrogen partial
pressure in the presence of a catalyst with a two-fold function, hydro-
genation and cracking. Hydrocracking may also be used for the cracking
of superior fuels and the production of lubricants. The type of catalyst
maximises the production of naphtha, mid-distillates or lub production.
The presence of hydrogen suppresses the formation of heavy residual
material and increases the yield of gasoline by reacting with the cracked
products, giving net products, which are a mixture of pure paraffins,
naphthenes and aromatics. Hydrocracking produce mid-distillates with
outstanding burning and cold flow properties as follows:

- Kerosene with low freezing points and high smoke points.

- Diesel fuels with low pour points and high cetane numbers.

- Heavy naphthas with a high content of single-ring hydrocarbons.

- Light naphthas with a high isoparaffin content.

- Heavy products that are hydrogen-rich for feed FCC units, ethylene
plants (LVOC), or lub oil dewaxing and finishing facilities.

When hydrocracking is applied to heavy residues, a pretreat-
ment is needed to remove high metal content before the hydrocracking
reaction is produced. Residue hydro-conversion is type of hydrocracking
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applied to convert low-value vacuum residue and other heavy residue
streams to lighter low-boiling hydrocarbons by reacting them with hy-
drogen.

The main feed stream to a hydrocracker is the heavy vacuum
distillate stream from the High Vacuum unit. Those feedstocks are frac-
tions very difficult to crack and cannot be cracked effectively in catalytic
cracking units. Other process streams such as heavy cycle oil from the
catcracker unit, heavy gasoils from the coker or visbreaker unit, extracts
from lube oil units, mid-distillates, residual fuel oils and reduced crudes
may be blended to the main heavy vacuum distillate stream. The main
products are LPG, gasoline, jet fuel and diesel fuel, all practically sul-
phur-free. The production of methane and ethane is very low, normally
less than 1 %.

Hydrocracking normally use a fixed-bed catalytic reactor with
cracking occurring under substantial pressure (35 to 200 kg/cm?2) in the
presence of hydrogen at temperatures between 280 and 475 .C. This
process also breaks the heavy, sulphur-nitrogen- and oxygen bearing
hydrocarbons and releases these impurities to where they could poten-
tially foul the catalyst. For this reason, the feedstock is often first hy-
drotreated and dewatered to remove impurities (H2S, NH3, H20) be-
fore being sent to the hydrocracker. If the hydrocracking feedstocks are
first hydrotreated to remove impurities, sour water and sour gas
streams will contain relatively low levels of hydrogen sulphide and am-
monia in the fractionator.

Depending on the products desired and the size of the unit,
hydrocracking is conducted in either single-stage or multi-stage reactor
processes. Hydrocrackers can be classified in three categories, single-
stage once-through, single-stage recycle and two-stage recycle

Task 3. Find Russian equivalents for the following words and word
expressions:

hydrocracking reactions; under high hydrogen partial pressure; hydro-
genation; cracked products; lub production; mid-distillates; burning and
cold flow properties; pretreatment; heavy naphtha; light naphtha;
heavy cycle oil; hydro-conversion; catalyst; low pour point.

Task 4. Answer the questions:

1. What kind of process is hydrocracking?
2. What is the influence of a catalyst?
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3. Why is the yield of gasoline increased?

4. What is residue hydro-conversion? Where is it applied?

5. Why is the feedstock first hydrotreated and dewatered?

6. What kind of reactor can be used and what does it depend on?

7. How can hydrocrackers be classified?

8. What mid-distillates does hydrocracking produce? What are their
properties?

9. Why is a pretreatment needed when hydrocracking is applied to
heavy residues?

10. What kind of process streams can be blended to the main heavy
vacuum distillate stream?

Task 5. Complete the sentences with the words and word com-
binations below:

low freezing, molecular weight, depending on, hydrocarbons, catalytic
cracking, low pour points, superior fuels, gasoline

1. Products with a lower ... than the feed are obtained in hydrocracking.
2. Hydrocracking may be used for the cracking of ... and the production
of lubricants.

3. Kerosene possesses such properties as ... points and high smoke
points.

4. Diesel fuels have such features as ... and high cetane numbers.

5. The presence of hydrogen increases the yield of ... by reacting with
the cracked products.

6. Heavy vacuum distillates are very difficult to crack and cannot be
cracked effectively in ... units.

7. Hydrocracking is conducted in either single-stage or multi-stage re-
actor processes ... the products desired and the size of the unit.

8. Hydrocracking with a fixed-bed catalytic reactor also breaks the
heavy, sulphur-nitrogen- and oxygen bearing ...

Text B. Catalytic Cracking
Task 6. Read the following words and try to remember them:

alkylation —ankununpoBaHue
atomise — pacnbinsiTb, N3MenbYaTh
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etherification — acdunpuzaumsa

fluid catalytic cracking (FCC) - kpekuHr c ¢iomansvpoBaHHbIM
KaTaiM3aTopoM

fluidised — nceBOOOXMKEHHDIN

intimately — TwarensHo

olefinic — onedunHOBbIN

residue catalytic cracking (RCC) - kaTKpekuHr ocagka
riser reactor — nudT-peaktop

silica alumina - antomocunukar

visbroken — ¢ NoHWXeHHOW BS3KOCTbIO

w/w — weight in weight — maccosast gons

Task 7. Read the text and try to understand it.

reaclor arfiuent
Lo fractionator

cigelone vassel
flug gas

siripper

ilal ] ateam

calalyst
regene-ral.nr
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standpipe

regenerator| | MEer resc tor
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Tresh feed
dispersion sieam
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Catalytic cracking is the most widely used conversion process
for upgrading heavier hydrocarbons into more valuable lower boiling
hydrocarbons. It uses heat and a catalyst to break larger hydrocarbon
molecules into smaller, lighter molecules. Unlike the hydrocracker pro-
cess, no hydrogen is used and consequently, limited desulphurisation
takes place. Compared to other heavy oil catalytic conversion processes
the FCC process is superior in being able to handle larger quantities of
metals, sulphur and asphaltenes. One drawback is the minimal flexibility
in changing the product yields.

Normally the main feed stream to a catalytic cracking unit (cat-
cracker) is the heavy vacuum distillate stream from the vacuum distil-
lation unit. Other process streams may be blended into the catcracker
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feed such as heavy gasoil from the atmospheric distillation unit, coker
or visbroken gasoil, deasphalted oil and extracts from lub oil units and
sometimes a small quantity of atmospheric residue. Those streams may
be hydrotreated to make them suitable for the catcracker. Compared
to other conversion processes the catalytic cracker process is charac-
terised by a relatively high yield of good quality gasoline and relatively
high quantities of C3 and C4. Both products are highly olefinic and
therefore ideal feed streams for the alkylation, etherification and petro-
chemical industries. One drawback of the FCC process is the very low
quality of the mid-distillate products in terms of sulphur, olefins, aro-
matics and cetane index.

The residue catalytic cracking (RCC) unit is a catcracker unit
used to upgrade heavier fractions such as atmospheric residue. The
majority of products need further treatment prior to storage.

A number of different catalytic cracking designs are currently in
use in the world, including fixed-bed reactors, moving-bed reactors,
fluidized-bed reactors and once-through units. The fluidized- and mov-
ing-bed reactors are by far the most prevalent in world refineries.

Fluid catalytic cracking (FCC,
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Fluid catalytic cracking units are by far the most common cat-
cracking units. The FCC unit consists of three distinct sections, the re-
actor-regenerator section including air blower and waste heat boiler,
the main fractionator section including wet gas compressor and the un-
saturated gas plant section. In the FCC process, oil and oil vapour
preheated to 250 to 425°C is contacted with hot catalyst (zeolite) at
about 680 - 730°C in the riser reactor. To enhance vaporisation and
subsequent cracking, the feed is atomised with steam. The cracking
process takes place at temperatures between 500 and 540°C and a
pressure of 1.5 - 2.0 bar. Most catalysts used in catalytic cracking are
zeolites (some 15% w/w) supported by amorphous synthetic silica alu-
mina with metals. The catalyst is in a fine, granular form which mixes
intimately with the vaporised feed. The fluidised catalyst and the re-
acted hydrocarbon vapour separate mechanically in a (two-stage) cy-
clone system and any oil remaining on the catalyst is removed by steam

stripping.

Task 8. Find English equivalents for the following word expres-
sions:

NCEBAOOXMKEHHBIN KaTann3aTop; OTroHKa BOAAHLIM MApPOM; LIMKJ/IOH-
Hasi YCTaHOBKa; peaKkTop C MOABWXXHbLIM KaTasM3aTopoM; YCUIUTb Na-
poobpasoBaHnE; KPEKMPOBAHWE MPOUCXOANT; BbICOKOKAUYECTBEHHBI
6EH3MH; PeaKTop C MCEBAOOXMKEHHBIM CIOEM; BbICOKasi NpoV3BOAM-
TENbHOCTb; HEBOMbLIOE KOIMYECTBO OCTAaTKOB aTMocdepHoin nepe-
FOHKMW.

Task 9. Answer the questions:

1. What is catalytic cracking used for?

2. Why does limited desulphurisation take place?

3. What is the main feed stream to a catalytic cracking unit?
4. What other process streams may be blended into the catcracker
feed?

5. What is the catalytic cracker process characterized by?

6. What is the drawback of the FCC process?

7. What is a residue catalytic cracking unit used to?

8. What sections does the FCC unit consist of?

9. Why is the feed atomized with steam

10. What form does catalyst have in FCC?
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Task 10. Make up phrases by matching the words in the two
columns the way they are used in the text:

1, process a. feed

2. heavy b. industries
3. hydrocarbon C. reactor

4. catalytic d. blower

5. jet e. stripping
6. vaporised f. residues
7. steam g. process
8. petrochemical h. index

9. to enhance i. stream
10. air j. fuel

11. cetane k. molecules
12. mid-distillate l. vaporisation

Task 11. Write an abstract of the texts (Hydrocracking and Cata-
lytic cracking) using the recommended expressions in Unit 3.

Unit 6
Text A. Catalytic Reforming
Task 1. Read the following words and try to remember them:

carbon laydown — otnoxeHue yrnepoga

catalyst bed - cnoit katanusatopa

catalyst collection vessel — c6opHuk kaTanusaTtopa
cyclization reaction — peakuns 3aMblkaHus UMKNa
enhancer — ycunutens (peakuun)

foster — cnocobcTBoBaThb

promoter — yckopuTtesnb

regeneration tower - pereHepaunoHHas KONOHHa
rhenium — penuii

semi-regenerative — c nep1Moanyeckon pereHepaumei
straight-run gasoline — 6eH31H nNpsiMoit NeperoHku
tin - onoso

Task 2. Read the following text:
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This process upgrades naphtha (light distillates) into aromatic-
rich streams that can be used for octane enhancers for gasoline blend-
ing or as a petrochemical feedstock. Originally the process was devel-
oped in the 1950s to upgrade low-octane, straight-run gasoline to high-
octane liquid. This process converts naphthenes into corresponding ar-
omatics and isomerizes paraffinic structures to isomeric forms. The
naphtha charge is a varying mixture of C6—C11 paraffins, naphthenes,
and aromatics. In a catalytic reformer, aromatic compounds pass
through the system unchanged, while naphthalenes react selectively to
form aromatics.

In the reformer, multiple reactions occur simultaneously. This
process is endothermic and is subject to carbon laydown; thus, refiners
must regenerate reforming catalysts. Several catalyst-regenerating ap-
proaches are possible. Semi-regenerative processes use moving-bed
catalyst reactors. The catalyst bed reactors are placed side-by-side, and
hydrogen is used to lift and convey the catalyst to the next bed, except
for the last bed where it is regenerated. Other reforming designs use a
continuous moving bed to continuously regenerate a portion of the cat-
alyst. The reactors are stacked on top of each other, and gravity moves
the catalyst through the bed. From the last reactor, the catalyst is lifted
by nitrogen or hydrogen to a catalyst collection vessel. The catalyst is
regenerated in a regeneration tower and returned to process.

In the catalytic reforming process, the feed is pumped to oper-

ating pressure and mixed with a hydrogen-rich gas before heating to
reaction temperatures. The net hydrogen produced is a by-product of
the dehydrogenation and cyclization reactions.
In the late 1960s, it was discovered that adding certain promoters such
as rhenium, germanium, or tin to the platinum-containing catalyst
would reduce cracking and coke formation. The resulting bi-metallic
and tri-metallic catalysts facilitate a lower operating pressure without
fostering hydrocracking conditions. Earlier reforming pressures ranged
around 3.45 MPa; with improved catalyst systems, such operations now
use operating pressures of 1.2-2.6 MPa. Advances in continuous cata-
lyst design permit using operating pressures as low as 0.345 MPa.

Operating temperatures are also critical. The listed reactions
are endothermic. The best yields occur along isothermal reaction zones,
but are difficult to achieve. Instead, the reaction beds are separated
into a number of adiabatic zones operating at 260-540 °C with heaters
between stages to supply the necessary energy to promote heat of re-
action and hold the overall train near or at a constant temperature.
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Three or four zones are commonly used to achieve high-octane prod-
ucts.

Task 3. Find English equivalents for the following word expressions:
yny4laTb COCTOSIHME; CMeLleHne 6EH3NHOB; HE(TEXUMUYECKOE ChIpbE;
apoMaTuyeckne HedTenpoayKTbl; YCTaHOBKa pedOopMUHra; O4MCTU-
TesbHasl YCTaHOBKA; MPOLECcChl C MEPUOANYECKO pereHepauueit; pa-
bouee paBneHue; NOBOYHbIM MPOAYKT Mpouecca AernaporeHusauunu;
66110 0OHapY)XEHO; YCOBEPLUEHCTBOBAHHAs! KaTannTuyecKkasl CUCTeMa;
NoBbILWATb TEMIOTY peakumm

Text B. Bitumen
Task 4. Read the following words and try to remember them:

air rate — pacxog Bo3ayxa

bitumen blowing unit (BBU) — ycTaHoBKka okucneHus 6utyma
blowing — HarHeTaHue Bo3ayxa

gravel — rpasuii

penetration — creneHb TBEPAOCTM BUTYMUHO3HBLIX MaTepuanos, Npo-
HUKHOBEHMWE

to raise steam — nogHumaTb Nap

residence time — Bpems npebbiBaHus

to sparge — BrnipbickMBaTh, OpoLLaTh

quenching — pe3koe oxnaxaeHve

Task 5. Read the text:

Bitumen is a residue derived from certain crude oils after vac-
uum distillation has removed waxy distillates. Bitumen is normally
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mixed with other components (e.g. gravel) to produce asphalt that is
used in road paving, roof coating and pipe sealing or coating. Bitumen
production only appears in some refineries. There are also some refin-
eries that specialize in producing those components.

The desired properties of bitumen may be achieved either by
adjusting distillation conditions or by “blowing”. In the latter process,
air is blown into hot bitumen causing dehydrogenation and polymerisa-
tion reactions and giving a harder product with higher viscosity, higher
softening point and a reduced ‘penetration’ (The penetration, often
used as the main criterion, refers to the depth of penetration by a
standard needle in a bitumen sample at standard conditions.). The
properties of the blown bitumen are determined by the residence time
in the oxidation vessel, the air rate and the liquid temperature. If any
of these parameters is increased, the penetration is reduced and the
softening temperature is raised.

In most applications the hydrocarbon feed stream to a bitumen
blowing unit (BBU) is the bottom residue stream from a vacuum unit
and in some instances the residue (extract) from a deasphalting unit.

Normally, a number of different grades of bitumen are pro-
duced in campaigns and these are further modified by blending with
other high-boiling components such as vacuum residue, heavy gas oil
or synthetic polymers. In this way a single blowing unit is able to cater
for a wide range of bitumen grades for various applications.

The BBU will either operate on a continuous basis or in batch
mode depending on the quality of the vacuum residue feedstock and
the required bitumen product specification. Continuous processes are
more spread in refineries.

A typical continuously operated BBU receives its hot feed di-
rectly from the vacuum distillation unit. Where the bitumen feed is re-
ceived from storage, an additional fired heater may be required to pre-
heat the feed to a temperature of about 200 - 250°C, but can be up to
550 .C. With a batch-operated BBU, a feed buffer vessel is usually in-
cluded to store the hot feed stream from the vacuum unit.

The residue feedstream is pumped into the top of the oxidation
vessel. Operating pressure in the top of the oxidation vessel is normally
around 1 bar and in the bottom around 2 bars, depending on the height
of the vessel. As air is sparged into the base of the vessel, oxidation of
the residue takes place, resulting in heat. The temperature in the oxi-
dation vessel, which determines to a certain extent the bitumen grade,
is normally controlled between 260 — 300 °C. Different options are ap-
plied, taking in colder feed to the oxidation vessel, recirculation of
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cooled bitumen product from the bitumen rundown cooler, and in older
units even direct water quenching is applied. The blown bitumen is re-
moved from the bottom of the oxidation vessel and cooled by raising
steam before being sent to storage.

Task 6. Find English equivalents for the following word expres-
sions:

peakuun AernaporeHvsaumny U nonMMepusaumm; BA3KoCTb; ToYKa pas-
MsirYeHusi; obpasel 6MTyMa; annapaTt OKUC/IEHMSI; Fy6rHa NPOHUKHO-
BEHWSI CTaHAAPTHOM WIMbl; YCTaHOBKa AeacdanbTu3aumu; pasHble
copTa 6UTyMa; TSXKENbIN ra3oiinb; HEMPEpPbIBHBIA NpoLIecc, B onpeae-
NEHHON CTeneHMW, OKCUAMPOBAHHbIN BUTYM

Task 7. Answer the questions:

1. What is bitumen?

2. How can the desired properties of bitumen be achieved?

3. What are the hydrocarbon feed stream to a bitumen blowing unit?
4. How can different grades of bitumen be modified?

5. Where may an additional fired heater be required? What for?

6. What is the temperature in the oxidation vessel?

Supplementary Reading
Text 1. Fluid Coking Process

Fluidized bed coking is a petroleum refining process in which
heavy petroleum feeds, typically the non-distillable residues (resids)
from fractionation, are converted to lighter, more useful liquid products
by thermal decomposition (coking) at elevated reaction temperatures,
typically about 480 to 590°C, (about 900 to 1100°F). The process is
carried out in a unit with a large reactor vessel containing hot coke
particles which are maintained in the fluidized condition at the required
reaction temperature with steam injected at the bottom of the vessel
with the average direction of movement of the coke particles being
downwards through the bed. The heavy oil feed is heated to a pumpa-
ble temperature, mixed with atomizing steam, and fed through multiple
feed nozzles arranged at several successive levels in the reactor, usually
referred to as "rings" since they are arranged around the periphery of
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the reactor at different, vertically spaced intervals in the upper part of
the reactor. Steam is injected into a stripper section at the bottom of
the reactor and passes upwards through the coke particles in the strip-
per as they descend from the main part of the reactor above and pro-
motes fluidization of the particles in the bed. The feed liquid coats a
portion of the coke particles in the fluidized bed and subsequently de-
composes into layers of solid coke and lighter products which evolve as
gas or vaporized liquid. The light hydrocarbon products of the coking
(thermal cracking) reactions vaporize, mix with the fluidizing steam and
pass upwardly through the fluidized bed into a dilute phase zone above
the dense fluidized bed of coke particles. This mixture of vaporized hy-
drocarbon products formed in the coking reactions continues to flow
upwardly through the dilute phase with the steam at superficial veloci-
ties of about 1 to 2 metres per second (about 3 to 6 feet per second),
entraining some fine solid particles of coke. Most of the entrained solids
are separated from the gas phase by centrifugal force in one or more
cyclone separators, and are returned to the dense fluidized bed by grav-
ity through the cyclone diplegs. The mixture of steam and hydrocarbon
vapors from the reactor is subsequently discharged from the cyclone
gas outlets into a scrubber section in a plenum located above the reac-
tion section and separated from it by a partition. It is quenched in the
scrubber section by contact with liquid descending over scrubber sheds
in a scrubber section. A pumparound loop circulates condensed liquid
to an external cooler and back to the top row of scrubber section to
provide cooling for the quench and condensation of the heaviest frac-
tion of the liquid product. This heavy fraction is typically recycled to
extinction by feeding back to the fluidized bed reaction zone.

The solid coke from the reactor, consisting mainly of carbon
with lesser amounts of hydrogen, sulfur, nitrogen, and traces of vana-
dium, nickel, iron, and other elements derived from the feed, passes
through the stripper and out of the reactor vessel to a burner where it
is partly burned in a fluidized bed with air to raise its temperature from
about 480 to 700°C (about 900° to 13G0°F), after which the hot coke
particles are recirculated to the fluidized bed reaction zone to provide
the heat for the coking reactions and to act as nuclei for the coke for-
mation.

The Flexicoking™ process, also developed by Exxon Research
and Engineering Company, is, in fact, a fluid coking process that is op-
erated in a unit including a reactor and burner, often referred to as a
heater in this variant of the process, as described above but also in-
cluding a gasifier for gasifying the coke product by reaction with an
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air/steam mixture to form a low heating value fuel gas. The heater, in
this case, is operated with an oxygen depleted environment. The gasi-
fier product gas, containing entrained coke particles, is returned to the
heater to provide a portion of the reactor heat requirement. A return
stream of coke sent from the gasifier to the heater provides the remain-
der of the heat requirement. Hot coke gas leaving the heater is used to
generate high-pressure steam before being processed for cleanup. The
coke product is continuously removed from the reactor. In view of the
similarity between the Flexicoking process and the fluid coking process,
the term "fluid coking" is used in this specification to refer to and com-
prehend both fluid coking and Flexicoking except when a differentiation
is required.

The dense fluid bed behaves generally as a well-mixed reactor.
However, computational fluid dynamics model simulations and tracer
studies have shown that significant amounts of coke particles coated in
heavy petroleum feed can rapidly bypass the reaction section and de-
scend into the stopper section at the bottom of the reactor while still
coated with a film of liquid which is then largely lost as a source of
potential liquid product.

Effective mixing of the injected heavy oil feed with the coke
particles is vital to reactor operability and liquid yield. A major concern
in the process is the formation of liquid-rich agglomerates of coke solids
held together by a sticky, adherent liquid film on the coke particles.
These agglomerates, with particle sizes substantially larger than aver-
age bulk solids, suffer from increased heat and mass transfer limitations
and reduce liquid yields. If the liquid were spread more evenly over the
coke particles, creating thinner films, the heat and mass transfer limi-
tations could be reduced and subsequently liquid yields would increase.
In addition, when the liquid to solid ratio of the agglomerates is re-
duced, the agglomerates are weaker and more likely to break up so
that the steam requirements associated with attrition of the agglomer-
ates might be reduced. The excess steam can be removed from the
process to reduce sour water make, or be reemployed in the reactor in
an alternative way such as additional feed nozzle atomization.

In order to prolong the average residence time of the wetted
coke particles in the reactor, one method of operation is to inject the
heavy oil feed through the injection nozzles in the upper part of the
reactor but to use the lower rings solely for the injection of steam. More
feed injected higher in the bed increases the residence time between
the feed zone and stripper, affording more time for the liquid film to
dry reducing the fouling in the stripper region.
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A typical commercial unit with an average feed rate per nozzle
of about 230 mVday (about 1450 sbpd) might have, for example, 96
feed nozzles distributed between 6 feed rings. Rings 1 and 2 at the two
highest levels in the reactor might have 20 feed nozzles each, Ring 3
immediately below Ring 2 might have 19 nozzles. Ring 4 might have
16, Ring 5 might have 14 and Ring 6 might have 7. Rings 5 and 6,
however, might not be used for feed injection but, instead, could be
purged with steam to prevent plugging. Each pair of feed rings (1&2,
3&4, 5&6) could be connected to a separate feed header line which can
be varied separately, but typically all feed header lines would be con-
trolled to the same pressure which, in a typical commercial unit, might
be in the range of about 1000 to 2000 kPag (for example, from about
1500 tol700 kPag), equivalent to about 145 to 290 psig (for example,
from about 220 to 245 psig). The superficial upward velocity in the
reactor might range from about 60 cm/sec at the level of the lowest
ring (Ring 6), increasing to about 1 m/sec at the level of the highest
ring (Ring 1). The average gas to liquid ratio (GLR or steam-to-oil) ratio
at which the nozzles are all operated (for nozzles feeding oil) might
typically be 0.86 %w/w (the GLR is reported as (mass flow rate
steam)/(mass flow rate oil) 100%). [0009] Studies have shown that
increasing the gas to liquid ratio (GLR) in the feed nozzle enhances the
dispersion of the liquid onto the particles. If this approach is used, the
overall steam usage increases, which is not attractive because of re-
strictions on the processing of sour water from the unit and reduced
feed throughput due to reactor top bed velocity restrictions. The objec-
tive therefore is to improve feed dispersion and liquid yield without in-
creasing the overall steam usage. The majority of these studies were
performed at one fluidization velocity, which was fairly low; on the order
of 15 cm/sec (about 0.5 ft/s). More recently, tests have reported the
benefits of increasing the fluidization velocities in the region of a feed
nozzle: increasing the fluidization velocity to 90 cm/sec (about 3 ft/sec)
provides similar benefits as increasing GLR to a feed nozzle. Other re-
ports demonstrated a negligible improvement in jet bed interaction
when the gas/liquid ratio was increased from 1.5 %w/w to 2.7 %w/w
with a fluidized bed operated at about 40 cm/sec (about 1.3 ft/s). In-
creasing the fluidization velocity from 15 cm to about 75 cm/sec (about
0.5 ft/sec to 2.5 ft/sec) resulted in a significant improvement in jet bed
interaction when using a poorly performing feed nozzle. When compar-
ing a nozzle operating with and without atomization, significant differ-
ences were observed at the lower superficial gas velocity, and only a
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slight decrease in performance was observed at a higher fluidization
velocity when the atomization gas was removed.

Text 2. Alkylation

Another method to convert light olefins into gasoline blending stocks is
alkylation. In this process, light olefins — propylene, butylene, and am-
ylenes with isobutene — are reacted in the presence of strong acids to
form branched chain hydrocarbons. These branched hydrocarbons, of-
ten referred to as alkylate, have a high-octane value; thus, it is an ex-
cellent contributor to the octane pool.

Alkylation traditionally combines isobutane with propylene and butylene
using an acid catalyst, either hydrofluoric (HF) acid or sulfuric acid. The
reaction is favored by high temperatures, but competing reactions
among the olefins to give polymers prevent high-quality yields. Thus,
alkylation is usually done at low temperatures to deter polymerization
reactions. Temperatures for HF acid-catalyzed reactions are approxi-
mately 40 °C, and for sulfuric acid they are approximately 10 °C. Nota-
bly, some acid loss occurs with this process. Approximately 1-1.2 Ib of
HF acid/bbl of alkylate is consumed, while 25-30 Ib of sulfuric acid/bbl
of alkylate is consumed. The alkylation feed should be dried and desul-
furized to minimize acid loss. Since the sulfuric-acid-catalyzed reactions
are carried out below normal atmospheric temperatures, refrigeration
facilities are included.

Let us consider one example where dry liquid feed containing olefins
and isobutane is charged to a combined reactor—settler. The reactor
uses the principle of a differential gravity head to circulate through

a cooler before contacting a highly dispersed hydrocarbon feed in
the reactor pipe. The hydrocarbon phase, generated in the settler,

is sent to a fractionator, which separates LPG-quality propane, iso-
butane recycle, n-butane, and alkylate products. A small amount of
dissolved catalyst is also removed from the propane product by a
small stripper tower.

Environmental and safety concerns on acid-based processes are pro-
moting research and development efforts on solid-acid alkylation pro-
cesses. Liquid catalysts pose possible risks to the environment, employ-
ees, and the general public from accidental atmospheric releases. Also,
these acid catalysts must be regenerated—another reliability and safety
issue. Thus, research efforts are directed at investigating other meth-
odologies to produce high-octane alkylation gasoline component
streams.
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Text 3. Nanotechnology in Oil and Gas Industry

Nanotechnology is the technology of nanoscopic materials with size in
the scale which help in enhancing the performance of processes. This
technology is relatively a recent development in scientific research and
is constantly adding to technological advancement since inception. Fas-
cinating developments which may not have been achieved without nan-
otechnology have been made. The technology has no limitation as to
which field it can be applied. As a result, its applications in the oil and
gas are enormous ranging from exploration, reservoir drilling, comple-
tion, production processing and refining for enhanced oil recovery, in-
creasing the performance of equipment and improving reservoir pro-
duction. So at this point, one of the ways that has been found to in-
crease productivity and enhance performance in the oil and gas industry
is nanocoating.

Nanocoating is simply coating a material with a nanoscaled material for
desirable performance of a system or process. This is achieved in sev-
eral ways. As an example, Dr. Hung-Jue Sue of Texas A&M University
presented a paper at the April 2014 oil and gas conference about his
research into anti-corrosion epoxy coating. He iterated that the presen-
tation is one of his research papers to self-assemble nanoclay which
has been shown to give impressive performance against metal corro-
sion since it is one of the major concerns in the oil and gas industry.
This problem is basic and should be properly addressed in order not to
interrupt production and eventually high cost of repairing. Nanocoating
stands as a durable corrective measure for several existing challenges
in the oil and gas industry. It helps to prevent drilling equipment from
wearing and provides desirable resistance against insulation and corro-
sion for pipelines and chemical plants. Nanocoating is more environ-
mental friendly and efficient than anti-corrosion paints and other con-
ventional coating methods used in the oil and gas industry. Various
reasons account for covering substrates such as underwater pipeline
systems, vessels, reactors, and pipe joints but not limited to these.
Knowing that nanocoating is anti-static and water resistant, it is widely
useful for underwater systems which answer the question of its effec-
tiveness with fluids. It protects color fading. It can also be used to take
off dirt particles in pipes since it is a strong dirt repellant. The mode of
operation in industries particularly the oil and gas industries subject
equipment to severe conditions which are detrimental to the productiv-

51



YupassieHue nudppoBbIX 06pa30BaTeNbHbIX TEXHOJIOTHUH

MHOCTpaHHBIN A3bIK (AaHTJIMACKUH)

ity of the industry. However, it should be noted that such severe con-
ditions cannot be averted as exploration, drilling, processing and pro-
duction are very tedious tasks in the industry. You can imagine the
stress pipes and vessels will be subjected to having to transport crude
oil from beneath the earth surface for further processing and eventually
to end users. There are problems arising along the line which may not
be prevented but can be combated. To increase productivity at low cost,
the industry wants equipment with high durability and efficiency so as
not to be faced with the problem of having to change equipment from
time to time, particularly the underground equipment. Nanotechnology
has found a gap to bridge in the oil and gas industry. One of such is
the special types of nanocoating to protect against yield threatening
problems such as corrosion. Nano-structured coating is experiencing
growth in the oil and gas industry over the traditional coating as they
offer significantly improved performance and ultimately cost effective.
Today, properties such as corrosion resistance, abrasive resistance,
strength, hardness, friction coefficient, local wear resistance, stress cor-
rosion cracking, electrical resistance, solid solubility, hydrogen solubil-
ity, permeability, thermal stability and malleability which are potential
solutions to problems in the oil and gas industry have been greatly im-
proved with nanocoating. There are basically a number of ways to
achieve this painting of nanosized particles comprising some sort of
mineral or chemicals on surfaces. Depending on the particular property
to improve, nanocoating can be used to achieve a number of depend-
able results. Anti-corrosion coating, lubricant coating, thermal coating
and anti-fouling coating are the different types of nanocoating that ex-
ist.

Lubricant nanocoating. Apart from the fact that the metal parts of ma-
chinery make dreadful and unpleasant sounds when they slide against
each other they also damage the machinery and eventually flaws its
efficiency. This is essentially the benefit of lubricant coating in the oil
industry. Lubricant nanocoating is more efficient compared to the con-
ventional lubricants. They keep the machinery at top-notch perfor-
mance based on the lubrication they provide. This ultimately increases
the life span of the machinery.

Thermal nanocoating. Geothermal conditions that could melt the metal
of the drills and other equipment used in the extraction process from
the earth in the oil industry are being guided against by thermal nano-
coating. Most of the time, these equipment have to work to very deep
levels of the earth surface for very long period of time in order to get
the oil to the surface. As a result, thermal nanocoating helps to provide
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the equipment with required protection and defense to withstand the
heat and very high pressures at those levels.

Anti-fouling nanocoating. It should be noted that pipes, machineries,
equipment or facility made of metal and sited underwater have bacteria
and plants cling unto the metal surface. The continuous accumulation
of these bacteria and plants over time is very disadvantageous to the
performance of the machinery.

Additional Information
The main oil refinery processes are presented below.

Vacuum Distillation Unit (VDU) Process

¢ Process Objective:

— To recover valuable gas oils from reduced crude via vacuum distilla-
tion.

¢ Primary Process Technique:

— Reduce the hydrocarbon partial pressure via vacuum and stripping
steam.

¢ Process steps:

— Heat the reduced crude to the desired temperature using fired heat-
ers

— Flash the reduced crude in the vacuum distillation column

— Utilize pumparound cooling loops to create internal liquid reflux

— Product draws are top, sides, and bottom

Delayed Coking Process

e Process Objective:

— To convert low value resid to valuable products (naphtha and die-
sel) and coker gas oil.

¢ Primary Process Technique:

— Thermocracking increases H/C ratio by carbon rejection in a semi-
batch process.

¢ Process steps:

— Preheat resid feed and provide primary condensing of coke drum
vapors by introducing the feed to the bottom of the main fractionator
— Heat the coke drum feed by fired heaters

— Flash superheated feed in a large coke drum where the coke re-
mains and vapors leave the top and goes back to the fractionator

53



YupassieHue nudppoBbIX 06pa30BaTeNbHbIX TEXHOJIOTHUH

MHOCTpaHHBIN A3bIK (AaHTJIMACKUH)

— Off-line coke drum is drilled and the petroleum coke is removed via
hydrojetting

Fluidic Coking Process

e Process Objective:

— To convert low value resid to valuable products (naphtha and die-
sel) and coker gas oil.

¢ Primary Process Technique:

— Thermocracking increases H/C ratio by carbon rejection in a contin-
uous process.

¢ Process steps:

— Preheat resid feed, scrub coke particles, and provide primary con-
densing of reactor vapors by introducing the feed to the scrubber

— Resid is atomized into a fluid coke bed and thermocracking occurs
on the particle surface

— Coke particles leaving the reactor are steam stripped to remove re-
maining liquid hydrocarbons

— Substoichiometric air is introduced to burner to burn some of the
coke and provide the necessary heat for the reactor

— Reactor vapors leave the scrubber and go to the fractionator

Fluidic Catalytic Cracking (FCC) Process

e Process Objective:

— To convert low value gas oils to valuable products (naphtha and die-
sel) and slurry oil.

¢ Primary Process Technique:

— Catalytic cracking increases H/C ratio by carbon rejection in a con-
tinuous process.

¢ Process steps:

— Gas oil feed is dispersed into the bottom of the riser using steam

— Thermal cracking occurs on the surface of the catalyst

— Disengaging drum separates spent catalyst from product vapors

— Steam strips residue hydrocarbons from spent catalyst

— Air burns away the carbon film from the catalyst in either a “partial-
burn” or “full-burn” mode of operation

— Regenerated catalyst enters bottom of riser-reactor

HF Alkylation Process

e Process Objective:

— To combine light olefins (propylene and butylene) with isobutane to
form a high octane gasoline (alkylate).
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e Primary Process Technique:

— Alkylation occurs in the presence of a highly acidic catalyst (hydro-
flouric acid or sulfuric acid).

¢ Process steps:

— Olefins from FCC are combined with IsoButane and fed to the HF
Reactor where alkylation occurs

— Acid settler separates the free HF from the hydrocarbons and recy-
cles the acid back to the reactor

— A portion of the HF is regenerated to remove acid oils formed by
feed contaminants or hydrocarbon polymerization

— Hydrocarbons from settler go to the Delsobutanizer for fractionating
the propane and isobutane from the n-butane and alkylate

— Propane is then fractionated from the isobutane; propane as a prod-
uct and the isobutane to be recycled to the reactor

— N-Butane and alkylate are deflourinated in a bed of solid adsorbent
and fractionated as separate products

Hydrotreating Process

¢ Process Objective:

— To remove contaminants (sulfur, nitrogen, metals) and saturate ole-
fins andaromatics to produce a clean product for further processing or
finished product sales.

¢ Primary Process Technique:

— Hydrogenation occurs in a fixed catalyst bed to improve H/C ratios
and to remove sulfur, nitrogen, and metals.

¢ Process steps:

— Feed is preheated using the reactor effluent

— Hydrogen is combined with the feed and heated to the desired hy-
drotreating temperature using a fired heater

— Feed and hydrogen pass downward in a hydrogenation reactor
packed with various types of catalyst depending upon reactions de-
sired

— Reactor effluent is cooled and enter the high pressure separator
which separates the liquid hydrocarbon from the hydrogen/hydrogen
sulfide/ammonia gas

— Acid gases are absorbed from the hydrogen in the amine absorber
— Hydrogen, minus purges, is recycled with make-up hydrogen

— Further separation of LPG gases occurs in the low pressure separa-
tor prior to sending the hydrocarbon liquids to fractionation.
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Hydrocracking Process

¢ Process Objective:

— To remove feed contaminants (nitrogen, sulfur, metals) and to con-
vert low value gas oils to valuable products (naphtha, middle distil-
lates, and ultra-clean lube base stocks).

e Primary Process Technique:

— Hydrogenation occurs in fixed hydrotreating catalyst beds to im-
prove H/C ratios and to remove sulfur, nitrogen, and metals. This is
followed by one or more reactors with fixed hydrocracking catalyst
beds to dealkylate aromatic rings, open naphthene rings, and hy-
drocrack paraffin chains.

¢ Process steps:

— Preheated feed is mixed with hot hydrogen and passes through a
multi-bed reactor with interstage hydrogen quenches for hydrotreat-
ing

— Hydrotreated feed is mixed with additional hot hydrogen and passes
through a multi-bed reactor with quenches for first pass hydrocracking
— Reactor effluents are combined and pass through high and low
pressure separators and are fed to the fractionator where valuable
products are drawn from the top, sides, and bottom

— Fractionator bottoms may be recycled to a second pass hy-
drocracker for additional conversion all the way up to full conversion.

Catalytic Reforming Process

e Process Objective:

— To convert low-octane naphtha into a high-octane reformate for
gasoline blending and/or to provide aromatics (benzene, toluene, and
xylene) for petrochemical plants.

Reforming also produces high purity hydrogen for hydrotreating pro-
cesses.

e Primary Process Technique:

— Reforming reactions occur in chloride promoted fixed catalyst beds;
or continuous catalyst regeneration (CCR) beds where the catalyst is
transferred from one stage to another, through a catalyst regenerator
and back again. Desired reactions include: dehydrogenation of naph-
thenes to form aromatics; isomerization of naphthenes; dehydrocy-
clization of paraffins to form aromatics; and isomerization of paraffins.
Hydrocracking of paraffins is undesirable due to increased light-ends
make.

¢ Process steps:
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— Naphtha feed and recycle hydrogen are mixed, heated and sent
through successive

reactor beds

— Each pass requires heat input to drive the reactions

— Final pass effluent is separated with the hydrogen being recycled or
purged for hydrotreating

— Reformate product can be further processed to separate aromatic
components or be used for gasoline blending

Isomerization Process

 Process Objective:

— To convert low-octane n-paraffins to high-octane iso-paraffins.

e Primary Process Technique:

— Isomerization occurs in a chloride promoted fixed bed reactor where
n-paraffins are converted to iso-paraffins. The catalyst is sensitive to
incoming contaminants (sulfur and water).

¢ Process steps:

— Desulfurized feed and hydrogen are dried in fixed beds of solid des-
sicant prior to mixing together

— The mixed feed is heated and passes through a hydrogenation reac-
tor to saturate olefins to paraffins and saturate benzene

— The hydrogenation effluent is cooled and passes through a isomeri-
zation reactor

— The final effluent is cooled and separated as hydrogen and LPGs
which typically go to fuel gas, and isomerate product for gasoline
blending
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