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Unit 1 Chemical Engineering

=~ Reading and Translating

Chemical engineering is a branch of engineering that applies the
natural Cor experimental) sciences(e. g. , chemistry and physics) and life
sciences(e. g. , biology, microbiology and biochemistry) together with
mathematics and economics to produce, transform, transport, and
properly use chemicals, materials and energy. It essentially deals with the
engineering of chemicals, energy and the processes that create and/or
convert them. Modern chemical engineers are concerned with processes
that convert raw materials or chemicals into more useful or valuable
forms. They are also concerned with pioneering valuable materials and
related techniques—which are often essential to related fields such as
nanotechnology, fuel cells and bioengineering. Today, the field of
chemical engineering is a diverse one, covering areas from biotechnology
and nanotechnology to mineral processing.

Chemical engineers develop economic ways of using materials and
energy. Chemical engineers use chemistry and engineering to turn raw
materials into usable products, such as medicine, petrochemicals and
plastics on a large-scale, industrial setting. They are also involved in
waste management and research. Both applied and research facets could
make extensive use of computers.

A chemical engineer may be involved in industry or university
research where they are tasked in designing and performing experiments
to create new and better ways of production, controlling pollution,

conserving resources and making these processes safer. They may be
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involved in designing and constructing plants as a project engineer. In this
field, the chemical engineer uses their knowledge in selecting plant
equipment and the optimum method of production to minimize costs and
increase profitability. After its construction, they may help in upgrading its
equipment. They may also be involved in its daily operations. Chemical
engineers may be permanently employed at chemical plants to manage
operations. Alternatively, they may serve in a consultant role to troubleshoot

problems, manage process changes and otherwise assist plant operators.

(Selected from http: // en. wikipedia . org/ wiki/Chemical _engineering)

L _° ;
<= New words and expressions

conserve/kan'sav/ v. R A il SF e
construction/kan'strak/n/ n. G @AY
involve/1n'volv/ vEE B ELOLT
nanotechnology/ nanoutek'nolodzi/ n. POKER 4 HR
minimize/'minimaiz/ v il it
X CREFH YD 1R B R4k
permanently/'ps:monontl;/ adv. 7K A M, KB AS 1
profitability / profita'bilati/ n. AR A CIRBL ; 45 %
scale/skeil/ n. LA ; LA s 950
upgrading/'apgreidip/ v &7t TR

\\'}/’Exercises

I . Translate the following phrases into English or Chinese.

.raw materials
. fuel cells

.mineral processing
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4.industrial setting
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Il . Translate the following passages into Chinese.

Chemical engineering involves managing plant processes and
conditions to ensure optimal plant operation. Chemical reaction engineers
construct models for reactor analysis and design using laboratory data and
physical parameters, such as chemical thermodynamics, to solve problems
and predict reactor performance.

1. Plant design

Chemical engineering design concerns the creation of plans,
specifications, and economic analyses for pilot plants, new plants or plant
modifications. Design engineers often work in a consulting role, designing
plants to meet clients’ needs. Design is limited by a number of factors.,
including funding, government regulations and safety standards. These
constraints dictate a plant’s choice of processes, materials and equipment.

2. Process design

A unit operation is a physical step in an individual chemical
engineering process. Unit operations (such as crystallization, filtration,
drying and evaporation) are used to prepare reactants, purifying and
separating its products, recycling unspent reactants, and controlling
energy transfer in reactors. On the other hand, a unit process is the
chemical equivalent of a unit operation. Along with unit operations, unit
processes constitute a process operation. Unit processes(such as nitration
and oxidation) involve the conversion of material by biochemical,
thermochemical and other means. Chemical engineers responsible for
these are called process engineers.

3. Transport phenomena

Transport phenomena occur frequently in industrial problems. These
include fluid dynamics, heat transfer and mass transfer, which mainly
concern momentum transfer, energy transfer and transport of chemical
species respectively. Basic equations for describing the three phenomena
in the macroscopic, microscopic and molecular levels are very similar.
Thus, understanding transport phenomena requires thorough

understanding of mathematics.



Unit 2 Naming Inorganic Compounds

Reading and Translating

With the discovery of thousands of new inorganic compounds,it has
become necessary to revise the traditional rules of nomenclature. An
international committee has recommended a set of rules for naming
compounds, and these are now being adopted throughout the world.
Many of the older names are still used, however, and our ensuing
discussion will include in many cases both the old and new, with emphasis
on the latter. One of the principal changes is that proposed by Albert
Stock and now known as Stock system for the naming of compounds of
metals(oxides, hydroxides, and salts) in which the metal may exhibit
more than one oxidation state. In these cases the oxidation state of the
metal is shown by a Roman numeral in parentheses immediately following
the English name of the metal which corresponds to its oxidation number.
If the metal has only one common oxidation number, no Roman numeral
is used. Another important change is in the naming of complex ions and

coordination compounds.

Writing Formulas

From the knowledge of oxidation numbers and valence and the
understanding of atomic structure, it is now possible to write chemical
formulas. The following table is a list of oxidation numbers often

encountered in a first-year chemistry course.
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Ciategories Monovalent Divalent Trivalent Tetravalent | Pentavalent
1) QP I (V) V)
Hydrogen Barium Ba Aluminum Al | Carbon C Arsenic As
H Calcium Ca Gold (auric) | Silicon Si Phosphorus
Potassium Cobalt Co Au Manganese | (phosphoric)
K Magnesium Arsenic (manganic) | P
Sodium Na | Mg (arsenious) As | Mn Antimony
Silver Ag Lead Pb Chromium Cr | Tin (antimonic)
Mercury Zinc Zn Iron ( ferric) | (stannic)Sn | Sb
(mercurous) | Mercury Fe Platinum Pt | Bismuth
METALS | Hg (mercuric) Hg | Phosphorus Sulfur S (bismuthic)
Cations(+)| Copper Copper (phosphorous) Bi

(cuprous)Cu | (cupric)Cu P
Gold Iron(ferrous) | Antimony
(aurous)Au | Fe (antimonous)
Ammonium | Manganese Sb
(NH,) (manganous ) | Bismuth

Mn (bismuthous)

Tin Bi

(stannous) Sn
Fluorine F | Oxygen O Nitrogen N Carbon C
Chlorine CI | Sulfur S Phosphorus P

NONMETALS
Anions(—)

Bromine Br
Todine 1

Last syllable

nonmetal is changed to-ide in bi

nary compound.

RADICALS
(=3

Hydroxide
(OH)
Bicarbonate
(HCO;)
Nitrite
(NO,)
Nitrate
(NO;)
Hypochlorite
(ClO)
Chlorate
(ClO;)
Chlorite
(Cl1O,)
Perchlorate
(ClOy)
Acetate
(C;H;0,)
Permanganate
(MnO, >
Bisulfate
(HSO,)

Carbonate
(CO;)»
Sulfite(SO; )
Sulfate(SO, )
Tetraborate
(B,O;)
Silicate (SiOs)
Chromate
(CrO,)
Oxalate
(C,0)

Borate(BO;)
Phosphate
(PO,)
Phosphite
(PO3)
Ferricyanide
[Fe(CN); |

Ferrocyanide
[Fe(CN) ]
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General Observations

The symbols of the metals have + signs while those of the nonmetals
and all the radicals except the ammonium radical have — signs.

When an element exhibits two possible oxidation states, the lower
state can be indicated with the suffix -ous and the higher one with -ic.
Another method of indicating this difference is to use the Roman numeral
of the oxidation state in parentheses after the name of the element. For
example, ferrous iron or iron( Il )for the +2 oxidation state of iron.

A radical is a group of elements which act like a single atom in the
formation of a compound. The bonds within these radicals are
predominantly covalent, but the groups of atoms as a whole have an
excess of electrons when combined, and thus are negative ions.

When you attempt to write a formula, it is important to know
whether it actually exists. For example, one can easily write the formula
of carbon nitrate but no chemist has ever prepared this compound. Here
are the basic rules for writing formulas with three examples carried
through each step:

1. Represent the symbols of the components using the positive part first,
and then the negative part.

Sodium chloride Calcium oxide Ammonium sulfate
NaCl CaO (NH,)>SO,

2. Indicate the respective oxidation numbers above and to the right of
each symbol. (Enclose radicals in parentheses for the time being)
Na'"CI' Ca’ O" (NH)'"SOi~

3. Write a subscript number equal to the oxidation number of the other
element or radical. This is the same as the mechanical criss-cross
method. Since the positive oxidation number shows the number of
electrons that may be lost or shared and the negative oxidation number
shows the number of electrons that may be gained or shared, you must
have just as many electrons lost (or partially lost in sharing) as are

gained(or partially gained in sharing).
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Nai' Clj Ca;" 05~ (NH): (SO

4.Now rewrite the formulas, omitting the subscript 1, the parentheses of
the radicals which have the subscript 1, and the plus and minus
numbers.

5. As a general rule, the subscript numbers in the final formula are
reduced to their lowest terms. There are, however, certain exceptions,
such as hydrogen peroxide (H,O,), and acetylene (C;H,). For these
exceptions, you must know more specific information about the
compound.

The only way to become proficient at writing formulas is to
memorize the oxidation numbers of common eclements(or learn to use

the period chart group numbers)and practice writing formulas.

Naming Compounds

Binary compounds consist of two elements. The name of the
compound consists of the two elements, the second name having its
ending changed to -ide, such as NaCl = sodium chloride; AgCl = silver
chloride. If the metal has two different oxidation numbers, this can be
indicated by use of the suffix -ous for the lower one and -ic for the higher
one. The more modern way is to use a Roman numeral after the name to
indicate the oxidation state.

Examples:

FeCl, =ferrous chloride or iron( I ) chloride

FeCl, =ferric chloride or iron([ll ) chloride

If elements combine in varying proportions, thus forming two or more
compounds of varying composition, the name of the second element may be
preceded by a prefix. The prefixes used are mono-(one), sometimes
reduced to mon-, di-(two), tri-(three) ., tetra-(four), penta-(five), hexa-
(six), hepta-(seven), octa-(eight), nona-(nine), and deca-(ten).

”

Generally the letter “a” is omitted from the prefix (from tetra on) when
naming a nonmetal oxide and often mono is omitted from the name

altogether. Some examples are: carbon dioxide, CO,; carbon monoxide,
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CO; phosphorous trioxide, P,O;; phosphorous pentoxide, P,O;. Notice
that, when these prefixed are used, it is not necessary to indicate the
oxidation state of the first element in the name since it is given indirectly by
the prefixed second element.

Ternary compounds. consisting of three elements, are usually made
up of an element and a radical. To name them, you merely name each in
the order of positive first and negative second.

Binary acids use the prefix hydro- in front of the stem or full name of
the nonmetallic element, and add the ending -ic. Examples are
hydrochloric acid (HCD and hydrosulfuric acid (H,S).

Ternary acids usually contain hydrogen, a nonmetal, and oxygen.
Since the amount of oxygen often varies, the most common form of the
acid in the series consists of merely the stem of the nonmetal with the
ending -ic. The acid containing one less atom of oxygen than the most
common acid has the ending -ous.

The acid containing one more atom of oxygen than the most
common acid has the prefix per- and the ending -ic. The aid containing
one less atom of oxygen than the -ous acid has the prefix hypo- and the
ending -ous.

You can remember the names of the common acids and their salts by

learning the following simple rules.

Rule Example
-ic acids form -ate salts. Sulfuric acid forms sulfate salts.
-ous acids form -ite salts. Sulfurous acid forms sulfite salts.

Hydro-(stem) -ic acids form -ide salts. Hydrochloric acid forms chloride salts.
Where the name of the ternary acid has the prefix hypo- or per-, that
prefix is retained in the name of the salt Chypochlorous acid —sodium

hypochlorite) .

(Selected from Fundamental English in Chemistry and Chemical Engineering

by Qingwen Liu, Chemical Engineering Press, 2008)
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< New words and expressions

aluminum/s'lju:minom/
anion/'&naron/
cation/'kataron/
chlorate/ 'klorit/
chloric/ 'klorik/
chlorine/ 'klo:ri:n/
chlorite/'klorart/
chlorous/ 'kloiros/
committee/ka'mit1/
covalent/kou'verlont/

criss-cross/ 'kriskros/
ferric/'ferik/

ferrous/'feras/

hypochlorite/ harpau'klorrart/
hypochlorous/ haipou'kloros/
ion/'aren/
nomenclature/na'menklotfo(r)/
oxide/'oksard/
parentheses/po'renfisis/

positive/ 'pozitrv/
predominantly/pri'dominentli/
proficient/pro'frfont/

radical/ 'reedrkal, 'reedikl/

respective/r1s'pektiv/
silver/'silvo/
subscript/ 'sabiskript/
suffix/'safiks/
sulfur/'salfo/

n. £4
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n. HEF . IE& T

n. AR

adj. &0, &AW

n. AR
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