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INTRODUCTION

Te, KTO U3y4aeT XMMUUYECKUE TEXHOJOTHUH, AAXEe HE MOJ03PEBAIOT,
YTO YK€ 3HAIOT, XOTh U HEMHOTO, aHTJIMMUCKUU S3BIK CBOEH Mpodeccuo-
HaIbHOUN cdepbl. «HIyCTpUs», «Iu3aliH», «HHXEHEP», «J1ad0opaTopus»,
«TEXHOJIOTHUS», KOPTAaHUUECKUI», «MOJISIPHAS Macca», «KOMIIOHEHT), «0a-
KEJIUT», (IIPOTECUH», TIIMKOTEH», «3JaCTOMEP» — A3THU U MHOTHUE JIPyIrue
CJI0Ba MOXXHO HAaWTHU B aHTJIUMCKOM SI3bIKE, HO B HECKOJIbKO BUJIOU3MEHEH-
HOM BHjie. OCTaeTCsl HAy4YUThCS NMPABUIIBHO TPOU3HOCHUTD UX.

D10 nocobue i TeX, KTO U3y4aeT aHTITUUCKUN S3bIK OJHOBPEMEH-
HO ¢ MPO(eCCUOHATBHBIM OCBOCHHUEM XUMHUYECKUX TEXHOJIOTUH.

B xHuUre mpencraBieHbl AyTEHTUYHBIE TEKCThI, KOTOPBIE 3HAKOMSAT C
UCTOPUEN XMMHUYECKUX TEXHOJIOTMH U mpodeccuell XuMUKa-TeXHOJIOora, ¢
HEKOTOPBIMH MPOU3BOJICTBEHHBIMHM MPOLECCAMH U MPOAYKTaMu, Ipoodiie-
MaMHU OTPACIH. YTNPAXKHEHHUS MOMOTYT HAYYUTHCS KOMMYHUKAIIMM HA aH-
TJIMIACKOM SI3bIKE, B TOM YHUCJIE JIEJIOBOM, YCTHOM U MUCbMEHHOU dopmax
IUI pELIeHUs] 3a7a4 MEXKJIMYHOCTHOIO U MEKKYJIbTYPHOTO B3aUMOJECH-
ctBus. [IpakTuyeckue 3a7anus HEOOXOAUMBI JIJISi aKTUBHOT'O YCBOEHHUSI HO-
BOU JIEKCUKH U TPAMMATUKHU aHIJIAMCKOTO S3bIKA.

TemaTuka u3gaHus NpeAIonaracT UCIOJIb30BAaHUE HE TOJIBKO IeYar-
HBIX, HO U MYJIbTUMEIUNHBIX UCTOYHUKOB KaK B ayJUTOPHOW, TaK U B Ca-
MOCTOSITEIbHOW PadOTe, YTO MO3BOJIAET CYIIECTBEHHO PaCIIUPUTh CBOU
3HaHUS B MIPOPECCUOHATBHOM cdepe.

[ens mocobust — pacIupuTh KPYyro3op y4aliuxcs, MOJArOTOBUTH CTY-
JICHTOB K YTEHHUIO CIEIUAbHON JIUTEepaTypbl U MPo(ecCHOHAIBHOMY 00-
IICHUIO HA AHTJIMHMCKOM SI3BIKE.



Unit I
INTRODUCTION TO CHEMICAL ENGINEERING

L Match the terms and their definitions.

1) engineer a) a person who studies chemistry or a scientist who
(2 definitions) works with chemicals or studies their reactions
2) engineering b) a person whose job is to design or build machines,
(2 definitions) engines, or electrical equipment, or things such as
roads, railways or bridges, using scientific
principles
3) chemist c) a person whose job is to repair or control machines,
engines or electrical equipment
4) chemistry d) a person who has studied chemical engineering and

whose job involves the design and operation of
machinery used in industrial chemical processes

5) chemical e) the scientific study of the basic characteristics of
(2 definitions) substances and the ways in which they react or
combine
6) chemical f) the work of an engineer or the study of this work
engineer
7) chemical g) the design and operation of machinery used in
engineering industrial chemical processes

h) any basic substance that is used in or produced by a
reaction involving changes to atoms or molecules
1) relating to chemicals
j) to design and build something using scientific
principles

2. Complete each sentence with the appropriate form of a word or
word combination from exercise 1.

1. Using basic foundations in mathematics and science, ..............
apply their technical knowledge to conceive, design and implement new
processes, products and systems that make our everyday lives possible.
2 requires the knowledge of physics, chemistry and maths in
particular. ..................... have the knowledge of these subjects in order
to design, develop new or improve existing manufacturing processes and
unit operations in the petrochemicals, chemicals, oil and gas and other
related industries. 3. The ............... composition of the air is not a



Introduction to chemical engineering

precondition for life but the result of it. 4. There is often more than one
synthetic route for preparing a desired ............... 5. Mathematicians
don't do experiments the way ............... or biologists or other ‘natural
scientists’ do. 6. On the one hand, alchemy is regarded as a precursor of
the modern science of ...............

3. Translate the sentences given below. Pay attention to the forms
and functions of the infinitive.

1. I can only think of six of these winners who can be classified as
chemical engineers. 2. Not all these students will go on to work as
chemists or chemical engineers. 3. Chemists tend to focus on developing
novel materials and processes. 4. Both chemistry and chemical engineering
are good subjects to study. 5. The skills learnt can be applied to a variety of
different jobs and roles. 6. We chemical engineers need to do even more
work to achieve a better gender balance. 7. It is important to remember that
chemists and chemical engineers have to work together to achieve
successful outcomes. 8. The advent of digital computers has allowed
laborious design calculations to be performed rapidly. 9. We must work
with others to achieve our outcomes. 10. To succeed we all need to be
aware of the latest technology. 11. When someone needs to fix the worlds
problems they should be calling up the chemical engineers! 12. Margaret
was the first woman to receive a chemical engineering doctorate from
MIT. 13. This book wouldn’t have been possible without John H. Perry.
14. Who knows who else could be added to this list in the future? 15. To
see an idea finally go into motion is one of the most gratifying experiences.
16. Hyatt was the first to take out patents for this discovery. 17. To tell the
truth, people do not understand the difference between chemists and
chemical engineers. 18. Scientists are now able to copy the structure of
natural polymers to produce synthetic polymers. 19. Various units or
segments must be able to move. 20. Baekeland's main project was to make
hard objects from phenol and formaldehyde.

4. Do you remember how to read numerals? Try to brush up.

166 laureates; since 1901; in the 1600s; the late 1800s; 29,800
applications; in 2014; compared with ~19,900; an increase of 18.6 per cent;
compared with an increase of 9.4 per cent; £29,500; AUD $69,000;
£22,000; earn over £50,000; earn £70,000+; 42 per cent of applicants.

5



Unit 1

5. Translate conjugate words or words with the same roots.

Apply — application — applicant, chemist — chemistry — chemical —
chemicals, win — winner, engineer — engineering, recognize — recognition,
science — scientist — scientific, develop — development, design — designer,
operate — operator — operation, manufacture — manufacturer, equip —
equipment, investigate — investigator — investigation.

6. Read and try to guess the meaning of the following words and
word combinations:

clinical biochemist; public recognition; water industry; physical
properties; energy industry; equipment design, factory size equipment;
novel material.

7. Do you know if there are any differences between chemistry and
chemical engineering?

A. Discuss with your groupmates.

B. Read the text to find out. Complete the table while reading the
text.

Category Chemistry Chemical engineering

Recognition
History
Numbers
Area of study
Focus

Salary
Careers

Place of work
Scale
Diversity

Ten Differences between Chemistry and Chemical Engineering

When I talk about my work I find the common problem that people
do not understand the difference between chemists and chemical engineers.

Both fields are becoming increasingly important and deserve greater
public recognition, but they are distinct.

Although I now work as a chemical engineer I originally studied
chemistry, and so feel I should be well placed to highlight the key
differences and dispel common misconceptions.

6



Introduction to chemical engineering

However, this list is in no way definitive and there are huge
overlaps in the work of chemists and chemical engineers.

Here are ten differences between chemists and chemical engineers:

1. Recognition

The most apparent difference between chemists and chemical
engineers to me is recognition. The public at large understand what a
chemist does (because they studied chemistry in school), but there is a lack
of recognition of what chemical engineering is.

Perhaps the highest form of recognition for both chemists and
chemical engineers would be winning a Nobel Prize. The Nobel Prize in
Chemistry has been awarded to 166 laureates since 1901 but I can only
think of six of these winners who can be classified as chemical engineers;
Koichi Tanaka, Jon B. Fenn, Kurt Wuthrich, Linus Carl Pauling, William
Francis Giauque and Robert H. Grubbs.

As a group we chemical engineers need to get better at being
envoys of our work.

2. History

Chemistry and the study of it is an old profession. Records exist of
the ancient civilisations amassing practical knowledge of chemistry
involved in metallurgy, pottery and dyeing. The study of chemistry as a
science began in the 1600s, with chemists like Robert Boyle working
towards the formulation of Boyle’s Law.

Chemical engineering emerged in its own right in the late 1800s
with George E Davis coining the term ‘chemical engineering’. The
importance of chemical engineering increased after World War.

3. Numbers

There are more chemists than there are chemical engineers, perhaps
explaining why chemistry is more readily analysing. For example; there
were ~29,800 applications to study chemistry in 2014 the UK, compared
with ~19,900 to study chemical engineering.

However there i1s good news for chemical engineering. In the last
year, chemical engineering in the UK has seen an increase of 18.6 per
cent in the number of people applying to study it, compared with an
increase of 9.4 per cent for chemistry. Obviously not all these students will
go on to work as chemists or chemical engineers, but increasing numbers
of students are a good sign for both fields.
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4. Area of study

Chemistry investigates the background of the science
encompassing aspects of; organic, inorganic, analytical, physical and bio-
chemistry. Chemical engineering is more multidisciplinary in its approach
and includes all of the previous topics, as well as aspects of physics and
maths such as heat transfer, fluid dynamics, equipment design etc.

5. Focus

Chemists tend to focus on developing novel materials and processes,
analyzing substances, measuring the physical properties of substances and
testing theories.

Chemical engineering focuses on turning these new ideas and
discoveries into useful products that are attainable. Most work falls into
the design, manufacture and operation of plants and machinery and the
development of new materials or substances. Chemical engineers focus on
making products for profit and on a scale that is accessible to the many.

6. Salary

Chemical engineers generally get paid more than chemists. The
starting salary of a chemical engineer is £29,500 (AUD $69,000); the
starting salary of an analytical chemist is £22,000. This does not change
with career progression; senior analytical chemists could earn over
£50,000 but chartered chemical engineers can earn £70,000+.

7. Careers

Both chemistry and chemical engineering are good subjects to study
and the skills learnt can be applied to a variety of different jobs and roles.
For chemists typical jobs within the field of chemistry include; analytical
chemist, clinical biochemist, forensic scientist, pharmacologist, research
scientist or toxicologist. The skills learnt in studying chemistry can also be
applied to being an accountant, environmental consultant, patent law,
teacher or science writer. Chemists can even go on to become chemical
engineers (like me!).

Chemical engineers can fill a wide range of roles in a variety of
disciplines including; chemical engineer in the water industry, bioproduct
engineer, food processing engineer or process engineer in the energy
industry.

8. Place of work

Chemists tend to work in laboratories performing analysis or
research and development, but can also be found in offices, classrooms and
in the field. Chemical engineers tend to work at the plant end of research,
but also work in laboratories, the field and the boardroom.

8



Introduction to chemical engineering

9. Scale

Chemists work with relatively small amounts of materials in
glassware or on a laboratory bench; e.g. developing new drugs. Whereas
chemical engineers work on industrial scale reactions with factory size
equipment; e.g. scaling up drug production.

Chemists are more likely to develop novel products; and then
chemical engineers are likely to take these products and make them more
efficient so they are widely available and cheap.

10. Diversity

The bodies of chemistry and chemical engineering have both worked
hard to promote diversity within the fields and both have seen success.
This year 42 per cent of applicants to study chemistry were female, a good
sign for gender equality.

In chemical engineering one in four students applying for chemical
engineering 1s female, the highest amount in all the engineering
professions. We chemical engineers need to do even more work to achieve
a better gender balance.

It is important to remember that chemists and chemical engineers
have to work together to achieve successful outcomes. This collaboration
is the backbone of our work!

https://ichemeblog.org/2014/08/01/ten-differences-between-chemistry-
and-chemical-engineering-day-66/

C. Decide if the statements are true or false. Correct the false ones.

1. People usually understand the difference between chemists and
chemical engineers.

2. Chemists and chemical engineers have much in common.

3. Common people can understand what chemists and chemical
engineers do.

4. Chemical engineering emerged much later than chemistry.

5. Chemical engineering became important as soon as it emerged.

6. The number of chemical engineers is increasing in terms of
education.

7. Chemical engineering is more multidisciplinary than chemistry.

8. Chemical engineering is based on chemistry developing novel
materials and processes.

9. Chemical engineers sometimes get paid more than chemists.

9
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10. Chemical engineers have more career opportunities than
chemists.

11. Chemists and chemical engineers can get job at the same places.

12. Chemical engineers work with small amounts of materials while
developing new products.

13. Chemists and chemical engineers are successful thanks to their
collaboration.

D. Read the text again and make a summary. Use the patterns that
follow:

The text is about / devoted to | related to / deals with ...

This is of great interest for those who study ...

The author draws our attention to the fact that ...

There are some good and interesting examples illustrating ...

To sum up / In conclusion I’d like to say that ...

E. Make a presentation to explain differences between chemists
and chemical engineers.

F. Make a presentation to introduce chemical engineering as a
separate field.

8. Complete the text with the words from the box:

optimization, chemistry, physical chemistry, chemical, mathematics,
physical, physics, modeling

Chemical engineering, the development of processes and the design
and operation of plants in which materials undergo changes in their ...
or ... state. Applied throughout the process industries, it is founded on the
principlesof ..., ..., and ....

The laws of ... ... and physics govern the practicability and
efficiency of chemical engineering operations. Energy changes, deriving
from thermodynamic considerations, are particularly important.
Mathematics 1s a basic tool in optimization and modeling. ... means
arranging materials, facilities, and energy to yield as productive and
economical an operation as possible. ... is the construction of theoretical
mathematical prototypes of complex process systems, commonly with the
aid of computers.

Written by Carl Hanson

10




Introduction to chemical engineering

9. Match the English words and word combinations in A with
their Russian equivalents in B.

A. 1) date from; 2) large-scale; 3) continuous production; 4) increase
in demand; 5) public concern; 6) transition; 7) from a craft to a science-
based industry; 8) demand for; 9) chemical technologist; 10) petroleum
industry; 11) separation process; 12) meet a challenge; 13) mechanical
engineer; 14) plant item; 15) concept of unit operations; 16) unit process;
17) common characteristics; 18) process engineering; 19) restricted
outlook; 20) based on existing practice; 21) mass transfer; 22) heat
transfer; 23) fluid flow; 24) laborious design calculations; 25) plant layout;
26) environmental factors.

B. a) yBenuueHHE/NOBBIIICHUE CHpoca; 0) KPymHOMACIITaOHBIN;
B) BECTH HAYajo OT; I') 00€CIIOKOCHHOCTh OOIIECTBA; J) MEPEX0o; €) He-
IPEPHIBHOE/MACCOBOE TPOU3BOACTBO; K) BOCTPEOOBAHHOCTH, CIPOC HA;
3) OT peMecia K HAyKOEMKOM MPOMBIIIIEHHOCTH; M) Ha OCHOBE CYIIIECTBY-
IOIEeN TIPAKTUKH; K) MepepadaThIBAIOIMINM 3aBOJ, YCTAHOBKA MO Tepepa-
OO0TKe; JI) MIPUHUMATh BBI30B; M) 3aBOJCKOE 00OpyJOBaHHE, YacTh YCTa-
HOBKH; H) MHXXEHEP-MAIIMHOCTPOUTEIIb; 0) HedTenepepadbaTriBaroas
IPOMBIIUIEHHOCTh; ) MPOLIECC  pa3elieHus; pP) XHUMHK-TEXHOJIOT;
c) GakTopsl BHEIIHEH/ OKpY>KAIOIIEH Cpeibl; T) MOHIATHE THUIOBOM omepa-
MU, y) OOIMEe XapaKTepUCTUKH; () €IMHUYHBIN/TUIIOBOM MPOLIECC; X)
TEXHOJIOTHYECKasl cXema IpoIlecca; 1) TPYJOEMKHE MPOCKTHBIE PaCUeThl;
4) OrpaHUYECHHBINA B3TJISA; 1) MOTOK KUAKOCTH/TEKYYEH Cpeabl; I11) TeIIo-
nepeaaya; 9) IepeHoc Macchbl/Macconeperaya.

10. Translate the sentences given below. Pay attention to the
infinitive constructions.

1. Chemists are more likely to develop novel products; and then
chemical engineers are likely to take these products and make them more
efficient. 2. The mould seemed to be empty. 3. The human body is
estimated to have 100,000 different proteins. 4. Wallace Hume Carothers is
considered to be the father of synthetic polymer science. 5. They appear to
be flexible and act as rubber and plastic materials.

11



Unit 1

11. Read the text and answer the questions:
1. How old is chemical engineering?
2. What processes can be considered the beginning of chemical
engineering?
3. When did modern chemical engineering emerge?
4. What problems does chemical engineering solve?
5. What caused the transition from a craft to a science-based
industry?
6. What was the result of the transition from a craft to a science-
based industry?
7. What was a challenge for the traditional chemists and
mechanical engineers?
8. What was the role the first textbook on chemical engineering?
When was it published?
9. What examples of unit operations are given in the text?
10. What does the complexity arise from?
11. What examples of unit processes are provided by the author? Do
they have common characteristics?
12. What is the disadvantage of the unit approach?
13. What laws do the fundamental phenomena involved in the various
unit operations depend on?
14. What has led to the development of chemical engineering science
in its own right?
15. What has allowed laborious design calculations to be performed
rapidly?
16. What different parameters can cause variations in industrial
processes?

History

Chemical engineering is as old as the process industries. Its heritage
dates from the fermentation and evaporation processes operated by early
civilizations. Modern chemical engineering emerged with the development
of large-scale, chemical-manufacturing operations in the second half of the
19th century. Throughout its development as an independent discipline,
chemical engineering has been directed toward solving problems of
designing and operating large plants for continuous production.

Manufacture of chemicals in the mid-19™ century consisted of modest
craft operations. Increase in demand, public concern at the emission of
noxious effluents, and competition between rival processes provided the
incentives for greater efficiency. This led to the emergence of combines

12



Introduction to chemical engineering

with resources for larger operations and caused the transition from a craft to
a science-based industry. The result was a demand for chemists with
knowledge of manufacturing processes, known as industrial chemists or
chemical technologists. The term chemical engineer was in general use by
about 1900. The demand for plants capable of operating physical separation
processes continuously at high levels of efficiency was a challenge that
could not be met by the traditional chemist or mechanical engineer.

A landmark in the development of chemical engineering was the
publication in 1901 of the first textbook on the subject, by George E.
Davis, a British chemical consultant. This concentrated on the design of
plant items for specific operations. The notion of a processing plant
encompassing a number of operations, such as mixing, evaporation, and
filtration, and of these operations being essentially similar, whatever the
product, led to the concept of unit operations. This was first enunciated by
the American chemical engineer Arthur D. Little in 1915 and formed the
basis for a classification of chemical engineering that dominated the
subject for the next 40 years. The number of unit operations — the building
blocks of a chemical plant — is not large. The complexity arises from the
variety of conditions under which the unit operations are conducted.

In the same way that a complex plant can be divided into basic unit
operations, so chemical reactions involved in the process industries can be
classified into certain groups, or unit processes (e. g. polymerizations,
esterifications, and nitrations), having common characteristics. This
classification into unit processes brought rationalization to the study of
process engineering.

The unit approach suffered from the disadvantage inherent in such
classifications: a restricted outlook based on existing practice. Since World
War II, closer examination of the fundamental phenomena involved in the
various unit operations has shown these to depend on the basic laws of
mass transfer, heat transfer, and fluid flow. This has given unity to the
diverse unit operations and has led to the development of chemical
engineering science in its own right; as a result, many applications have
been found in fields outside the traditional chemical industry.

Study of the fundamental phenomena upon which chemical
engineering is based has necessitated their description in mathematical
form and has led to more sophisticated mathematical techniques. The
advent of digital computers has allowed laborious design calculations to be
performed rapidly, opening the way to accurate optimization of industrial

13
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processes. Variations due to different parameters, such as energy source

used, plant layout, and environmental factors, can be predicted accurately

and quickly so that the best combination can be chosen.
https://www.britannica.com/technology/chemical-engineering.

12. Read the text again and make a summary.

13. Complete the table with the information provided in this text as
wel as in ex. 11 on this unit:

Dates / period Steps / discoveries / inventions / ...

early civilizations
early 1800s

1888

mid-19™ century
by about 1900
1901

1915

20" century

Chemical engineering, which in most general terms is applied
chemistry, existed even in early civilizations. Chemical engineering is the
newest of the four big engineering professions, which are civil,
mechanical, and electrical. Chemical engineering dates back to Ancient
Greece where they distilled alcoholic beverages, as did the Chinese, who
had learned to distill alcohol from rice by 800 BC. Aristotle, the Greek
philosopher of the fourth century BC, wrote about the process of obtaining
fresh water by evaporating water from the sea.

Chemical engineering evolved from two main roots. The earlier was
industrial chemistry, in which the work of the chemical engineer emerged
from what was previously done by a team of chemists and a mechanical
engineer. The other main root came around because of the great
innovations from the US, which consisted of a connected approach to unit
operations. These were physical separations such as distillations,
absorption, and extraction in which the principles of mass transfer, fluid
dynamics, and heat transfer were combined in equipment design. The
foundations of the modern field of chemical engineering were laid out
during the Renaissance, when experimentation and the questioning of
accepted scientific theories became widespread. This period saw the

14



Introduction to chemical engineering

development of many new chemical processes, such as those for sulfuric
acid (for fertilizers and textile treatment) and alkali (for soap). The atomic
theories of John Dalton and Amedeo Avogadro, developed in the early
1800s, became an important theoretical underpinning for both chemistry
and chemical engineering.

With the birth of large scale manufacturing in the mid-nineteenth
century, modern chemical engineering began to take shape. Chemical
manufacturers were soon required to seek out chemists who also had
knowledge of manufacturing processes. These early chemical engineers were
called chemical technicians or industrial chemists. The first course in chemical
engineering was taught tin 1888 at the Massachusetts Institute of Technology,
and by 1900 chemical engineer had become a widely used job title.

In the twentieth century chemical engineers were employed in
increasing numbers to design new and more efficient ways to process
chemicals and chemical products. In the US, chemical engineers were
especially important in the development of petroleum-based fuels for the
automotive industry. The achievements of chemical engineers — from
large-scale production of plastics, antibodies (including penicillin), and
synthetic rubbers to the development of high-octane gasoline — have
gratefully affected our daily lives.

http://coolreferat.com/Chemical Engineering Essay Research
Paper Chemical EngineeringScopeChemical.

14. Make a presentation to introduce history of chemical
engineering. Use the information of the texts in ex. 11 and 13.

15
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1)
2)
3)
4)
S)
6)
7)
8)
9)
10)
11)

12)
13)

14)
15)

16)
17)

18)
19)
20)
21)

22)
23)
24)
25)
26)
27)
28)
29)
30)

accessible
amass
apparent
apply
approach

at large
attainable
award
backbone
background
be well placed

bioproduct engineer

boardroom

body of
career progression

challenge
chartered

coin the term
collaboration
combine
common
misconception
common problem
craft
definitive
deserve

dispel

distinct

drugs

dyeing
emerge

Y VY YVVVVYVYVVVYVYYY

A\

YV VYV

YVVVVVVYVVVY

Vocabulary

JTOCTYTHBIN

HaKamjnBaTh

OYEBUIHBINA, HATJISTHBIN

PUMEHATH, TOJABaTh 3asBJICHUE

MOJIXO0]

B 11€JIOM, B OOIIUX YepTax

JTOCTYTHBIN

MPUCYXJATh, Bpy4yaTh

OCHOBAa, OCHOBOIIOJIAralOIIMM 2JIEMEHT
TeopeTHYecKas OCHOBA

HAXOJUTHCS B BBITOJHOM  IIOJIOKECHHHU,
MMETh BCE BO3MOKHOCTH
MHXEHEeP-OUOTEXHOJIOT

aIMUHUCTPAITMS, PYKOBOJICTBO KOMITaHUH,
MpaBJICHUE

rpymnmna (JITAeH), KOMILTEKC

KapbepHBIA POCT, MPOJBUKEHHE MO Kaphb-
€pPHOM JIECTHULIE

CJIOKHAsi M MHTEpPECHasl 3ajaya, CJIOKHas
npoOiema

[IPUBUJICTUPOBAHHBIN, JUIIJIOMUPOBAHHBIN,
YJIeH NMpo(PecCHOHATBLHOIO 00bEIUHEHUS
BBECTH TEPMUH

COTPYAHUYECTBO, B3aUMOJIEHCTBUE
KOMOMHAT, 00beIMHEHUE, KOHIICPH
pacrpocTpaHeHHOE 3a0TyKICHUE

TUMUYHAs TTpodiemMa

peMeciio, pyuHas pabora

OKOHYATEIbHbBINA, HCUEPIBIBAIOIINI
3aCITy’KHBaTh

pa3BeATh

Pa3JIMYHBIN, HECXOKUAMN

JIEKapCTBEHHBIE MPENApaAThl, METUKAMEHTHI
OKpacKa TKaHEH, KPaCUIIbHOE JEJI0
MOSIBJISITHCS
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31) encompass
32) enunciate
33) environmental

OXBaThbIBaTh, BKJIIIOYATH
O6'b$IBJ'IHTI>, IIPpOBO3IJIalllaTh
KOHCYJIbTAHT-3KOJIOT

consultant
34) envoy MIpeJICTAaBUTENh
35) esterification acTepuduKanms

36) evaporation
37) fall into

HCTIapEHNE, BBIITAPUBAHUE
pa3nensAThCsa Ha, OTHOCUTHCS K

38) female YKEHIIIMHA, )KEHCKOTO I0Jia
39) fermentation OpoxeHue, pepMeHTaIus
40) field cdepa AeSTETHLHOCTH

41) fluid dynamics TUIPOAMHAMUKA, JUHAMUKA JKUIKOCTEH U
razoB

MOTOK TEKy4ell Cpebl, TUIPOIMHAMUKA
VH>KEHEP-TEXHOJIOT TUILEBOU
MIPOMBIIICHHOCTH

C IEJIbIO U3BJICUCHHS IPUOBLIH
Cy/€OHBIN SKCIEPT, KPUMUHAIIACT
PaBEHCTBO IOJIOB

MPOJIBUHYTHCS B, COBEPIIICHCTBOBATHCS B
noJIy4aTh 3apIuiaTy

nabopaTopHas mocyaa

TEIJI000MEH, TeII00Taa4a

Haclie/Iie, MPOUCXO0XKICHUE
OCTaHaBJIMBATHCS Ha
CaMOCTOSITEIbHbBIN, OTACIbHBIN

HU B KOEM clly4ae, HUKOMM 00pa3oM

B MMPOU3BOJCTBEHHBIX YCIOBUSIX

3a MOCJIEAHUU IO

B KoHIIe XX Beka

CTUMYJI, MOTUBAITUS
BO3pacTaHNe/yBEIHMUCHHE

(B pa3mepe..., Ha ...)
POMBIIUICHHBIN/TIPOU3BOICTBEHHBIN
Macirtad

XapaKTEePHBINA JJIs

OCHOBHBIE OTINYUS

J1a00paTOPHBIN CTOJ, JIAOOPATOPHBI/
UCTIBITATEIIbHBIN CTEH]]

42) fluid flow

43) food processing
engineer

44) for profit

45) forensic scientist

46) gender equality

47) get better at

48) get paid

49) glassware

50) heat transfer

51) heritage

52) highlight

53) inits own right

54) inno way

55) in the field

56) in the last year

57) in the late 1800s

58) incentive

59) increase of

60) industrial scale
61) inherent in

62) key differences
63) laboratory bench

YVVV YV VVVVVVVVVVVVVVVYV VYV VVVVVVVYVY VVY
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64)
65)
66)
67)
68)
69)
70)
71)
72)
73)
74)
75)
76)
77)
78)
79)
80)

81)
82)
83)
84)

85)
86)

87)
88)
89)
90)
91)
92)
93)
94)

95)
96)

lack of
landmark

list
machinery
mass transfer
modest
nitration
noxious effluents
numbers
obviously

on a scale
one in four
operate
outcomes
overlap
patent law
plant layout

pottery
precondition

precursor
process engineer

process industry
promote diversity

readily
research scientist
rival

route

salary

scale up
science writer
science-based
industry

turn smth into
variety

YVVVVVVVVVYVVYVYVYVYVYYY

YV VYV

YVYVVYVYVYVYY Y VYV

Y VYV

HEJIOCTaTOK
MTOBOPOTHBIN MOMEHT, BakHasl BeXa
CITUCOK, TIEPEUYCHb

000py0BaHUE, CTAHKU

MaccooOMeH, Maccorepeaaya
CKPOMHBIM, HE3ATEWIINBBIN, TPOCTEUIINN
HUTPOBAHHE

OTPABJIEHHBIE CTOYHBIE BOJBI

1005 (0)]0) 3

OYEBHUIHO, OE3YCITOBHO

B MaciTadax

KaX]IbIi YETBEPTHIN

00CITyK1BaTh, SKCIUTYaTUPOBATh
KOHEYHbBIE PE3yJIbTaThl, IEPCIEKTUBbI

COBIIAJICHHE
3aKOH O TaTeHTaX

IUTAH 3aBOJla, TEXHOJOTMYECKas CcXema
mporecca

TOHYapHOE MPOU3BOJICTBO
MIpEJIBAPUTEIIHHBIC / UICXOJIHBIE YCIOBUS
IPEAIIECTBEHHUK

MHKEHEP-TEXHOJIOI, WH)KEHEP MO OpraHu-
3aI[uU MMPOU3BOACTBA

nepepadaThIBaoIIasi IPOMBIIIEHHOCTD
CTUMYJIMPOBATh / TIOAJIEPKUBATH Pa3HOO00-
pasue

C TOTOBHOCTBIO, OXOTHO

HAYYHBIN COTPYIHUK
KOHKYPEHTOCITOCOOHBIT

BApUAHT, METOJ

3apruiara

YBEJIMUUBATh, PACHIUPSATH MaCIITAOBI

aBTOP HAYYHBIX IMyOIUKaIui

HayKOE€MKasi OTPaciib MPOMBIIIJIEHHOCTH

BOILIONIATh / MPEBpAIlaTh B
pazHooOpa3ue, MHOTOTPAHHOCTh
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Unit 11
OBJECTS AND MATERIALS OF CHEMICAL ENGINEERING

1. Read the text and learn how to read chemical formulas.

Symbols, Formulas and Equations

Each of the 107 presently known chemical elements has a symbol.
This symbol is usually derived from the name of the element. The symbol
of oxygen i1s O, of hydrogen is H, of helium is He, of copper is Cu, of
sodium 1s Na, of plutonium is Pu. Groups of symbols are called formulas.
They are used to designate compounds. The formula for water is H,O, for
carbon dioxide CO,, for sulphuric acid H,SOs. These symbols and
formulas are used to indicate chemical reactions. For example:

2H,0 — 2H, + O, (Statement: Water decomposes to form hydrogen
and oxygen)

The symbols of chemical elements are read according to the names
of English alphabet letters.

The sign "+" is read as plus, and, together, with, react with.

The sign "-" indicates one relation and isn't read at all.

The sign "="is read as give, form or produce.

The sign "—" is read as give, pass over to or lead to.

The sign "S"is read as forms and is formed from.

2H,0 — a figure before an element signifies the number of molecules;
two molecules of water.

2H2 + 02 - 2H20

Two molecules of H two plus O two give two molecules of H two O
or Two two-atom molecules of hydrogen react with one two-atom
molecule of oxygen and produce two molecules of water.

N>+ 3H, S 2NH3

N two plus three molecules of H two form and are formed from two
molecules of NH three or one two-atom molecule of nitrogen plus three
two-atom molecules of hydrogen form and are formed from two molecules
of ammonia.

Na,CO; + CaSO4 — Na,SO4+ CaCOs

Na two CO three plus CaSO four form Na two SO four plus CaCO
three or the sodium (Na) and the calcium (Ca) switch places. The sodium
combines with the sulphate radical (SO,), forming sodium sulphate (NaxSOs)
which dissolves in water. The calcium combines with the carbonate radical
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(CO3), forming calcium carbonate (CaCQOj;). Calcium carbonate does not
dissolve in water and so settles to the bottom of the solution.

https://studopedia.su/l1 129612 How-to-read-chemical-
formulas.html.

2. Try to read some chemical formulae.
OH, NHCOCH, H20, NH3, Nz, N212CO3, CaSO4, N2 + 3H2 S 2NH3,
N32C03 + CaSO4 — Na,SO4+ CaCO3, CH,

3. Translate conjugate words or words with the same roots:

bond — bonding; nature — natural; branch — branched; synthetic —
synthesized — synthesis; part — partial; combine — combination; react —
reaction — reactant, solid — solidify, rubber — rubbery, resist — resistant —
resistance; elastic — elasticity.

4. Read and try to guess the meaning of the following words and
word combinations:

organic chemical industry, molar mass, polypeptides, glucose
polymers, monosaccharide, polysaccharide, component, Bakelite, car tail
lights, colloid chemistry, corrosion, genetic information.

5. Match the English words and word combinations in A with
their Russian equivalents in B.

A. 1) latex; 2) textiles fiber; 3) synthetic rubber; 4) giant molecule;
5) addition polymer; 6) condensation polymer; 7) natural polymer;
8) protein; 9) nucleic acid; 10) cellulose; 11) basic food; 12) straight chain
polymer; 13) branched chains; 14) food additives; 15) organic compound;
16) commercial use; 17) plastic food wrap; 18) industrial wastewater;
19) amino acid; 20) peptide bond.

B. a) TekcTUIbHOE BOJOKHO; 0) MUIIEBas MICHKA; B) KOHACHCAIIMOH-
HbIM TOJIUMED; IMOJUMED, ITOJIYUYECHHBIM ITOJMKOHACHCAMEN MOHOMEPOB;
T') IPUPOJIHBINA TOJIUMED; ) MUIIEBbIC JO0ABKU; €) CHHTETUUECKUI Kay4dyK;
) TPOMBIITUICHHBIE CTOYHBIC BOJBI; 3) HYKJIIEMHOBAasT KHUCIOTA, MOJUHYK-
JICOTHU]T, W) MPOMBIIUICHHOE MPUMEHEHHE; K) aMHUHOKapOOHOBas KHUCJIOTA;
J1) OCHOBHOM MPOAYKT MUTAHUS; M) MAaKPOMOJIEKYJa; H) O€JI0K; 0) MOJIUMED,
MOJTy9YCHHBIN CTYIIEHYaTON MOJIMMEPU3alUeH; 1) TIOTUMEDP C JTUHEHHOU pe-
IIETKOM; P) pa3BETBJICHHAS 1IETb, C) OPraHUYECKOE COEAUHEHUE; T) KIIET-
YyaTKa; y) NeNTUAHAs CBSA3b; (D) MICYHBIN COK.
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6. Translate the sentences. Pay attention to the Participles.

1. Polymers are giant molecules with molar masses ranging from
thousands to millions. 2. The organic chemical industry is devoted to the
production of synthetic polymers. 3. The small molecules used to
synthesize polymers are called monomers. 4. Synthetic polymers can be
classified as addition polymers, formed from monomer units directly
joined together. 5. The resulting structure is not elastic. 6. Natural rubber is
an addition polymer made up of thousands of isoprene monomer repeating
units. 7. Polymers are large molecules composed of repeated chemical
units. 8. By adding dyes to the starting materials the objects became
available in different colors. 9. After setting the liquid aside, it solidified
into a material that seemed rubbery and even bounced. 10. Polymers
could be formed by employing already known organic reactions. 11.
Generally speaking, we use polymers in our everyday life. 12. Strictly
speaking, every chemical reaction is reversible. 13. While working in the
laboratory we made experiments. 14. If used this method will help us to
increase the output. 15. The problem is being solved. 16. Having been
translated into many languages the book became very popular.

7. Read the text and answer the questions:

1) What are polymers?

2) What are monomers?

3) Which of the synthetic polymers are mentioned in the text?
4) What types of synthetic polymers are mentioned in the text?
5) Where can natural polymers be found?

6) Which of the natural polymers are described in the text?

Natural Polymers

The word "polymer" means "many parts" (from the Greek poly-,
meaning "many" and meros-, meaning "parts"). Polymers are giant
molecules with molar masses ranging from thousands to millions.
Approximately 80 per cent of the organic chemical industry is devoted to
the production of synthetic polymers, such as plastics, textiles fibers, and
synthetic rubbers. A polymer is synthesized by chemically joining together
many small molecules into one giant molecule. The small molecules used
to synthesize polymers are called monomers. Synthetic polymers can be
classified as addition polymers, formed from monomer units directly
joined together, or condensation polymers, formed from monomer units
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combining such that a small molecule, usually water, is produced during
each reaction.

Polymers are widely found in nature. The human body contains
many natural polymers, such as proteins and nucleic acids. Cellulose,
another natural polymer, is the main structural component of plants. Most
natural polymers are condensation polymers, and in their formation from
monomers water is a by-product.

Starch is a condensation polymer made up of hundreds of glucose
monomers, which split out water molecules as they chemically combine.
Starch is a member of the basic food group carbohydrates and is found in
cereal grains and potatoes. It is also referred to as a polysaccharide,
because it is a polymer of the monosaccharide glucose. Starch molecules
include two types of glucose polymers, amylose and amylopectin, the
latter being the major starch component in most plants, making up about
three-fourths of the total starch in wheat flour'. Amylose is a straight chain
polymer with an average of about 200 glucose units per molecule.

A typical amylopectin molecule has about 1,000 glucose molecules
arranged into branched chains with a branch occurring every 24 to 30
glucose units. Complete hydrolysis of amylopectin yields glucose; partial
hydrolysis produces mixtures called dextrins, which are used as food
additives and in mucilage, paste, and finishes for paper and fabrics.

Glycogen is an energy reserve in animals, just as starch is in plants.
Glycogen is similar in structure to amylopectin, but in a glycogen molecule
a branch 1s found every 12 glucose units. Glycogen is stored in the liver
and skeletal muscle tissues.

Cellulose is the most abundant organic compound on Earth, and its
purest natural form is cotton. The woody parts of trees, the paper we make
from them, and the supporting material in plants and leaves are also mainly
cellulose. Like amylose, it is a polymer made from glucose monomers. The
difference between cellulose and amylose lies in the bonding between the
glucose units. The bonding angles around the oxygen atoms connecting the
glucose rings are each 180° in cellulose, and 120° in amylose. This subtle
structural difference is the reason we cannot digest cellulose. Human beings
do not have the necessary enzymes to break down cellulose to glucose. On
the other hand, termites, a few species of cockroaches’, and ruminant

! wheat flour — nmenuunas Myka
2 cockroach — Tapakan
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mammals® such as cows, sheep, goats, and camels, are able to digest
cellulose.

Chitin, a polysaccharide similar to cellulose, is Earth's second most
abundant polysaccharide (after cellulose). It is present in the cell walls of
fungi* and is the fundamental substance in the exoskeletons® of
crustaceans®, insects, and spiders. The structure of chitin is identical to that
of cellulose, except for the replacement of the OH group on the C-2 carbon
of each of the glucose units with an — NHCOCHj; group. The principal
source of chitin is shellfish” waste. Commercial uses of chitin waste
include the making of edible plastic food wrap and cleaning up of
industrial wastewater.

All proteins are condensation polymers of amino acids. An immense
number of proteins exists in nature. For example, the human body is
estimated to have 100,000 different proteins. What is amazing is that all of
these proteins are derived from only twenty amino acids. In the
condensation reaction whereby two amino acids become linked, one
molecule of water forming from the carboxylic acid of one amino acid and
the amine group of the other is eliminated. The result is a peptide bond,
hence, proteins are polypeptides containing from approximately fifty to
thousands of amino acid residues.

The primary structure of a protein is the sequence of the amino
acid units in the protein. The secondary structure is the shape that the
backbone of the molecule (the chain containing peptide bonds) assumes.
The two most common secondary structures are the o-helix and the
B-pleated sheet. An o-helix is held together by the intramolecular
hydrogen bonds that form between the N-H group of one amino acid and
the oxygen atom in the third amino acid down the chain from: it.

The a-helix is the basic structural unit of hair and wool, which are
bundles of polypeptides called a-keratins. The helical structure imparts
some elasticity to hair and wool. The polypeptides in silk, on the other
hand, are B-keratins with the B-sheet structure, in which several protein
chains are joined side-to-side by intermolecular hydrogen bonds. The
resulting structure is not elastic.

3 ruminant mammals — BauHbI€ MJIEKOIHMTAOIIIE
4 fungi — rpuOBI, IIECEHD

> exoskeleton — maHIUps

® crustaceans — pakooOpasHbIe

7 shellfish — mommrocKH
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Nucleic acids are condensation polymers. Each monomer unit in these
polymers is composed of one of two simple sugars, one phosphoric acid
group, and one of a group of heterocyclic nitrogen compounds that behave
chemically as bases. Nucleic acids are of two types: deoxyribonucleic acid
(DNA), the storehouse® of genetic information, and ribonucleic acid (RNA),
which transfers genetic information from cell DNA to cytoplasm, where
protein synthesis takes place. The monomers used to make DNA and RNA
are called nucleotides. DNA nucleotides are made up of a phosphate group,
a deoxyribose sugar, and one of four different bases: adenine, cytosine,
guanine, or thymine. The nucleotides that polymerize to produce RNA
differ from DNA nucleotides in two ways: they contain ribose sugar in place
of deoxyribose sugar and uracil instead of thymine.

Natural rubber is an addition polymer made up of thousands of
isoprene monomer repeating units. It is obtained from the Hevea
brasiliensis tree in the form of latex. The difference between natural rubber
and another natural polymer, gutta-percha (the material used to cover golf
balls), is the geometric form of the polyisoprene molecules. The CH, groups
joined by double bonds in natural rubber are all on the same sides of the
double bonds (the cis configuration), whereas those in gutta-percha are on
opposite sides of the double bonds (the trans configuration). This single
structural difference changes the elasticity of natural rubber to the brittle
hardness of gutta-percha.

http..//'www.chemistryexplained.com/PI-Pr/Polymers-Natural. html.

8. Read the text again and find nouns which mean the following:

1) a condensation polymer made up of hundreds of glucose
monomers;

2) an energy reserve in animals, just as starch is in plants;

3) the most abundant organic compound on Earth;

4) Earth's second most abundant polysaccharide;

5) the basic structural unit of hair and wool;

6) an addition polymer made up of thousands of isoprene monomer
repeating units.

8 storehouse — xpanunuie, KIanoBasi, COKPOBHIIHHUIA
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9. Read the text and make a summary of text ""Natural Polymers"
(ex. 7).

10. Read the text. What new information on natural polymers have
you got?
Naturally Occurring Polymers

This group consists of naturally occurring polymers and chemical
modifications of these polymers. Cellulose, starch, lignin, chitin, and
various polysaccharides are included in this group.

These materials and their derivatives offer a wide range of properties
and applications. Natural polymers tend to be readily biodegradable,
although the rate of degradation is generally inversely proportional to the
extent of chemical modification.

Naturally occurring polymers exist in plants or animals.

Natural polymers are made up of carbon, hydrogen, nitrogen and
oxygen.

Examples of naturally occurring polymers are

(a) Protein: in muscles, skin, silk, hair, wool and fur

(b) Carbohydrates: in starch and cellulose

(c) Natural rubber: in latex

Proteins are formed by the polymerization or monomers known as
amino acids:

amino acids polymerization protein

(monomers) - (polymer)

Carbohydrates such as starch and cellulose consist of monomers
known as glucose joined together chemically.

glucose polymerization carbohydrates
(monomers) - (polymer)

Natural rubber found in latex consists of monomers known as
isoprene (2 — methylbuta — 1, 3 — diene) joined together chemically.
Natural rubber comprises the molecules of the monomer 2-methyl-
1,3-butadiene, also called isopropene, joined together to form a long chain.
https://ru.scribd.com/doc/19255206/Synthetic-Polymers.

11. Read the text and complete the table.

Categories

of polymers Properties Examples Application
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Synthetic Polymers
Synthetic polymer is a polymer that is manufactured in industry from

chemical substances through the polymerisation process. Through
research, scientists are now able to copy the structure of natural polymers
to produce synthetic polymers.

The raw materials for the manufacture of synthetic polymers are
distillates of petroleum.

However, most of them can be classified in at least three main
categories: thermoplastics, fibres and elastomers.

Thermoplastics. This 1s a polymer which, when subjected to heat,
becomes soft so they can be moulded into various shapes.

The properties of plastics. They are light, strong, and inert to
chemicals such as acids and alkali and are insulators of electricity and heat.

The examples of plastics are polyethylene (PE), polyvinylchloride
(PVC), polypropylene (PP), polystyrene, Perspex and Bakelite.

Synthetic fibres are long chained polymers that withstand stretching.

The examples of synthetic fibres are nylon and Terylene. Nylon is
used to make ropes, fishing lines, stocking, clothing and parachutes.
Terylene is used to make clothing, sleeping bags and fishing nets. Clothes
made from Terylene do not crease easily.

Elastomer 1s a polymer that can regain its original shape after being
stretched or pressed.

Both natural rubber and synthetic rubber are examples of elastomer.
Examples of synthetic rubbers are neoprene and styrene-butadiene rubber
(SBR). SBR is used to make car tyres.

The two types of polymerization are:

— polymerisation by addition;

— polymerisation by condensation.

Polymerisation by addition involves monomers with >C = C<
bonding, where the monomers join together to make a long chain without
losing any simple molecules from it. Examples of polymers produced
through this process are polythene, PVC perspex and other plastics.

Polymerisation by condensation involves the elimination of small
molecules like water, methanol, ammonia or hydrogen chloride during the
process. Examples of products of this process are terylene and nylon-66.
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Synthetic Polymer & Their Uses in Daily Life

Synthetic Polymer Uses

Neoprene Shoe soles, hoses, radiator hoses, wetsuits

Polyvinyl chloride or PVC Raincoat, pipes, to insulate electric wires

(polychloroethene)

Polyamide (nylon) Parachutes, carpet, ropes, form-fitting
skiwear, hosiery

Polypropene Plastics, bottles, plastic tables and chairs

Teflon (polytetrafluoroethene or To make non-stick pots and pans

PTFE)

Polyester Filters, conveyor belts, sleeping bag
insulation

Polyethylene terephthalate (PET, Soft drink bottles, peanut butter jars, salad

PETE) dressing bottles

Polythene (polyethylene) Plastic bags, containers and cups

Perspex (polymethyl2-methylpropene) | Airplane window panes, lenses, car lamp
covers

Polystyrene Styrofoam® cups, grocery store meat trays,
cafeteria trays

Synthetic polymers have been used widely to replace natural
materials such as metals, wood, cotton, animal skin and natural rubber
because of the following advantages:

— strong and light;

— cheap;

— able to resist corrosion;

— 1nert to chemical reactions;

— easily moulded or shaped and be coloured;

— can be made to have special properties.
https://ru.scribd.com/doc/19255206/Synthetic-Polymers.

12. Read the text again and decide if the statements are true or false.

1) Scientists are now able to develop new structures to produce
synthetic polymers.

2) Petroleum is the raw material for the manufacture of synthetic
polymers.

3) Most distillates can be classified in three main categories:
thermoplastics, fibres and elastomers.
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4) Plastics and synthetic fibres are made through polymerisation by
addition.

5) Synthetic polymers can’t replace natural materials in terms of
their advantages.

13. Read the text and answer the questions that follow.

Synthetic Polymers

Polymers are large molecules composed of repeated chemical units.
The smallest repeating unit is called a mer. The term polymer is derived
from the Greek words poly and mers meaning "many parts". Linear
polymers are like ropes. For a polymer chain of 10,000 units (a typical
length), a standard half-inch-thick rope would be about 128 meters (140
yards) long to represent the length-to-thickness ratio. Polymers are
synthesized naturally and artificially to perform a wide variety of
specialized tasks.

Physical Properties of Polymers

The properties of polymers are dependent on many factors including
inter- and intrachain bonding, the nature of the backbone, processing
events, presence/absence of additives including other polymers, chain size
and geometry, and molecular weight distribution.

While most materials have melting/freezing and boiling/condensing
points, polymers do not boil because the energy necessary to put a polymer
into the vapor state is greater than the bond energies of the atoms that hold
the polymer together, thus they degrade prior to boiling. In order for a
polymer to be flexible, its various units or segments must be able to move.
The glass transition temperature (T,) is the temperature where polymer
units or segments can move but the entire chain cannot. Most vinyl
polymers have T, values below room temperature so that they appear to be
flexible and act as rubber and plastic materials. Most condensation
polymers have T, values above room temperature and are used as hard
plastics and fibers. The temperature where entire chain movement occurs is
called the melting point (Tr) and is greater than the T,.

Many polymers are themselves brittle at room temperature. For these
polymers to become more pliable, additives called plasticizers that allow
segmental mobility, and consequently segmental flexibility, are added. For
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synthetic polymers such as polyvinyl chloride (PVC) and polystyrene,
plasticizers are added that allow the polymers to be flexible.

The inflexible regions of a polymer, such as crystalline regions, are
often referred to as "hard" regions. Conversely, the flexible regions of a
polymer, where segmental mobility occurs, are referred to as "soft" regions.
This combination of hard and soft can be illustrated with so-called segmented
polyurethanes. The urethane portion of such polymers is involved in
hydrogen bonding and is considered "hard", while the polyether portion,
flexible at room temperature, is considered "soft". These segmented
polyurethanes are sold under a number of trade names including Spandex.

1) What are polymers?

2) What is the origin of the word?

3) What are the properties of polymers dependent on?
4) Do polymers boil? Why? Why not?

5) Can a polymer be flexible?

6) What is the melting point for polymers?

7) What allows the polymers to be flexible?

8) What regions of a polymer are called "hard"? "soft"?

14. Read the text and complete the table. The first one has been
done for you as an example. If there is a lack of information use the
Internet to find it.

Polymer Developer Place Date Properties Application
Vulcanized Charles temperature shoe soles,
rubber Goodyear Us4 1844 stable tires etc.

History of Synthetic Polymers
While polymers form the basis of life, the history of synthetic
polymers is relatively recent. Some of the key polymers that have been
developed since the early days of polymer science include:
Vulcanized rubber. In the mid-1800s, American scientist Charles
Goodyear began working with rubber to try to make it more temperature
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stable. After many unsuccessful attempts, he accidentally allowed a
mixture of sulfur and pre-rubber to touch a hot stove. The rubber did not
melt but only charred a little. By 1844 Goodyear had been given a patent
for a process he called "vulcanization" after the Roman god of fire, Vulcan.
Vulcanization is the crosslinking reaction between the rubber chains and
the sulfur.

Bakelite. After years of work in his chemistry lab in Yonkers, New
York, Leo Baekeland announced in 1907 the synthesis of the first truly
synthetic polymeric material, later dubbed "Bakelite". It was generally
recognized by leading organic chemists of the nineteenth century that
phenol would condense with formaldehyde, but because they did not
understand the principles of the reaction, they produced useless
crosslinked materials. Backeland's main project was to make hard objects
from phenol and formaldehyde and then dissolve the product to reform it
again in a desired shape. He circumvented the problem by placing the
reactants directly in a mold of the desired shape and then allowing the
reactants to form a hard, clear solid — Bakelite. It could be worked (i.e.,
cut, drilled, and sanded), was resistant to acids and organic liquids, was
stable at high temperatures, and did not break down when exposed to
electrical charge. By adding dyes to the starting materials the objects
became available in different colors. Bakelite was used to make bowling
balls, phonograph records, telephone housings, cookware, and billiard
balls. Bakelite also acted as a binder for textiles, sawdust, and paper,
forming a wide range of composites including Formica laminates. Many
of these combinations are still in use in the twenty-first century.

Neoprene. Chemist and Catholic priest Julius A. Nieuwland did
extensive work in the 1920s on acetylene. He found that acetylene could be
made to add to itself forming dimers and trimers. Arnold Collins, a chemist
at the Dupont Company in the lab of Wallace Carothers, continued work
on the project and in 1930 ran the reaction described by Nieuwland,
purifying the reaction mixture. He found a small amount of material that
was not vinylacetylene or divinylacetylene. After setting the liquid aside,
it solidified into a material that seemed rubbery and even bounced. This
new rubber was given the name Neoprene. Neoprene has outstanding
resistance to gasoline, ozone, and oil in contrast to natural rubber and is
used in a variety of applications including electrical cable jacketing,
window gaskets, shoe soles, industrial hose, and heavy-duty drive belts.
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Nylon. In the early 1930s Wallace Carothers and his team of
chemists at Dupont were investigating synthetic fibers in order to find a
synthetic alternative to silk. One promising candidate was formed from the
reaction of adipic acid with hexamethylenediamine and was called fiber
66 because each monomer-containing unit had six carbons. It formed a
strong, elastic, largely insoluble fiber with a relatively high melting
temperature. DuPont chose this material for production. Such polyamides
were given the name "nylons"; thus was born nylon 6,6.

Polyvinyl chloride. While PVC was initially formed by German
chemist Eugen Baumann in 1872, scientists at B. F. Goodrich discovered
in 1926 how to make sheets and adhesives from it, starting the "vinyl age".
PVC's many applications include water pipes and joints, building
materials, food packaging, wire insulation, and medical components.

Polystyrene. While polystyrene was probably first formed by
German apothecary Eduard Simon in 1839, it was almost 100 years later,
in 1930, that the German chemical company I. G. Fraben placed
polystyrene on the market. Polystyrene-molded parts became common
place by 1935. Applications of polystyrene include loose-fill packaging
"peanuts", shape-molded packaging, and disposable utensils.

Polyacrylonitrile. Rohm and Haas Company bought out Plexiglas
(polyacrylonitrile; also known as acrylic and as a fiber sold under trade
names such as Orlon) from a British firm in 1935 and began production of
clear plastic parts and goods, including replacements for glass in camera
lenses, aircraft windows, clock faces, and car tail lights.

Polyvinyl butyral. The polymer polyvinyl butyral (PVB) was first
used in automotive safety glass in 1938 to prevent flying glass resulting
from automobile accidents and continues to be utilized in the twenty-first
century for this purpose.

Other important synthetic polymers. World War II helped shape
the future of polymers. Wartime demands and shortages encouraged
scientists to seek substitutes and materials that exceeded -currently
available materials. During and after the war new materials were
developed, spurred by needs in the electronics, medical, communications,
food, aerospace, and other industries. The aromatic nylons (armids)
Kevlar (capable of stopping a speeding bullet and used as tire cord) and
Nomex (used in constructing fire-resistant garments) were developed.
Polycarbonates sold under the trade names of Merlon and Lexon were
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developed that substituted for glass in many automotive products such as
tail lights. Other key developments included polytetrafluoroethylene, a
slick material also known as Teflon; polysiloxanes, also known as
silicones, which have an extremely wide temperature-use range and were a
component of the soles of the shoes that first touched the moon; and
polyester fibers and plastics such as polyethylene terephthalate (PET), used
in carbonated drink bottles.

Even with this early commercial activity, little was actually known
about polymers. German chemist Herman Staudinger studied the
polymerization of isoprene (a five-carbon hydrocarbon containing a double
bond that is obtained as a product of the degradation of natural rubber by
heating) as early as 1910. Intrigued by the difference between this
synthetic material and natural rubber he began to study giant molecules.
Many of his fellow scientists told him there was no such thing as giant
molecules and that he was wasting his time. By 1920 he published a
summary of his studies and correctly proposed linear structures for
polystyrene and polyoxymethylene. X-ray studies were used to support the
concept of macromolecules.

Wallace Hume Carothers is considered to be the father of synthetic
polymer science. In 1927 the DuPont Company began a program of
fundamental research in the areas of colloid chemistry, catalysis, organic
synthesis, and polymer formation. Carothers, then a Harvard instructor,
was persuaded to join the DuPont group. Carothers looked at the
construction of giant molecules from small molecules to form synthetic
polymers. His intention was to prepare molecules of known structure
through the use of known organic chemistry and to "investigate how the
properties of these substances depended on constitution". Over the course
of his career, Carothers filed for over fifty patents and was involved in the
discovery of nylon and the synthetic rubber neoprene.

From his studies Carothers established several concepts. First,
polymers could be formed by employing already known organic reactions
but with reactants that had more than one reactive group per molecule.
Second, the forces that bring together the individual polymer units are the
same as those that hold together the starting materials: namely, primary
covalent bonds. Much of the polymer chemistry names and ideas that
permeate polymer science were standardized through his efforts.
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15. Make a summary on the text of History of Synthetic Polymers.
16. Make a presentation to introduce natural or synthetic polymers.

17. Read and translate the sentences. Pay attention to the
Participial Constructions.

1. You will find the reaction completed. 2. We saw the chemical
plant being built. 3. We had the detail moulded. 4. They want their students
completing the experiment. 5. We heard Wallace Carothers and his team of
chemists at Dupont investigating synthetic fibers. 6. Neoprene is
considered having outstanding resistance to gasoline, ozone, and oil. 7. Leo
Baekeland was reported having synthesized the first truly synthetic
polymeric material. 8. The history of synthetic polymers is relatively
recent, some of the key polymers having been developed since the early
days of polymer science. 9. PVC initially formed by German chemist
Eugen Baumann in 1872, scientists at B. F. Goodrich discovered in 1926
how to make sheets and adhesives from it.

Vocabulary
1) abundant » pacrpoCTpaHEHHBIN
2) adenine aJICHUH

3) adhesive
4) adipic acid
5) alkali

6) aromatic nylons
7) backbone

BSDKYILIEE BELIECTBO, aAIT€3UBHOE CPEICTBO
aJIMIIMHOBAS KUCJIOTA

OCHOBAaHHE, LIEJI0Yb

apOMaTUYECKUN HAWJIOH

LETIb, TJIABHAS LETh

YVVVVVYVYYVYVVY

8) base OCHOBaHHUE
9) be eliminated UCKJIFOYATHCS, JIMKBUAUPOBATHCS, YCTPAHITHCS
10) be referred to as Ha3bIBAThHCS
11) become CTAHOBHUTLCS OOIIETTPHUHITHIM/OOBIICHHBIM,
common place BXOJIUTh BO BCceoOIIee yrnoTpeoieHne
12) binder » BSDKYIIHUH, CBA3YIOIIEE BEIICCTBO
13) bonding » COCIMHCHHE
14) break down » pacIIeTIsATh
15) brittle > XPYIKHH
16) bundle » CBSI3Ka, MMy40K
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17) by-product » TOOOYHBIN MPOITYKT
18) cable jacketing > wmzomsims kabems

19) carbohydrates » YTIICBOJIBI

20) carboxylicacid  » kapOoHOBas KHCIIOTa

21) circumvent » TIPEOJI0NICTh

22) clear » OecCIBETHBIN, HEITUTMEHTUPOBAHHBIN

23) combine » COCIUHSTHCS, IPUCOCTUHITHCS

24) conversely » C IpyTroii CTOPOHBI, B TO KE BPEMsI

25) cotton » XJIOTIOK

26) crosslinked » TIOTIEPEYHO CINUTHIH

27) crosslinking » CIIMBaHWE, BYJIKaHW3AIWs, 00Opa3oBaHUE IOTe-

PEUYHBIX MEKMOJIEKYJISIPHBIX CBSI3€H1

28) cytosine > [UTO3UH

29) deoxyribose » Je30Kkcuprdo03a

30) derived from » TPOMU3BOIHBIN OT, TPOUCXOJUTH OT

31) digest » TepeBapuBaTh, yCBaMBaTh

32) dimer » JHMEp

33) disposable » OJHOpa3oBas Mocyjia
utensils

34) distillates > JIUCTUJIATHI

35) drill » CBEPIUTH

36) edible » ChEIOOHBIM

37) enzyme » (pepMeHT

38) exceed » TIPEBOCXOIUTH

39) fabric » TKaHb

40) finishes » TIOKPBITHS

41) fire-resistant » OrHEyIoOpHas / Heroprodasi oJ1ex/a
garments

42) flying glass » pazbuToe CTEKIIO

43) formica » JKapOCTOMKUM TIACTUK

44) gasket » YIUIOTHUTENb

45) glycogen » TIWKOTEH, TIOJINCaxXapu

46) guanine » aMHHOOKCHUITYpPUH, TYaHUH

47) hardness » KECTKOCTh

48) heavy-duty » peMeHb Iiepeaaun OOJIBIIONH MOIITHOCTH
drive belt

49) helix » crupalib
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50)
51)
52)
53)
54)
55)
56)
57)
58)
59)
60)
61)
62)
63)

64)
65)
66)
67)
68)
69)
70)

71)
72)
73)
74)
75)
76)
77)

78)
79)
80)
81)
82)
83)

heterocyclic

hydrogen bonds

immense
impart
industrial hose
inert to
insulators
isoprene
laminate
make up
mold
mould
mucilage
nitrogen
compound
organic liquid
paste
permeate
plasticizer
pleated sheet
pliable
primary
structure
purest
residues
resistant to
rubbery
sand
sawdust
secondary
structure
sequence
set aside
shoe sole
shortage
solid
solidify

reTepOLUKINYECKUI

BOJIOPOJHBIE CBSI3U

OTPOMHBII

MIpU/1aBaTh, 1aBaTh

IIPOMBILIJICHHBIN PYKaB

WHEPTHBIN 110 OTHOLLIECHUIO K

U30JISITOP

U30IPEH, METUIIOYTaIuEH

CJIOMCTBIA MaTEepUAI

COCTAaBJISATh

npecc-hopma

OTJIMBATh IOJI JAaBJIEHUEM, ITPECCOBATH
KJIEH C HU3KOM aJIr€3MOHHON MTPOYHOCTHIO
COEJIMHEHUE a30Ta, A30TUCTOE COCTUHEHNE

VVVVVVVVVYVYVVYVYY

OpraHUYeCcKasl KUJIKOCTh
rmacra

JIeKaTh B OCHOBE
miacTuguKaTop
CKJIaJIKa

TIaCTUYHBIN

NepBUYHAs CTPYKTypa

YVVVYVYVYY

0e3 mpumecH, OeCIPUMECHBIN, YUCTHIN
OCTaTKH!

YCTPOHUYHUBBIN K

» SJIaCTUYHBIHN, YIIPYTHH, pE3UHOIIOT00HBIN
» ¢ oBaTh

JIPEBECHBIC ONWIKH, IPEBECHAS MYyKa
BTOpHUYHAS CTPYKTypa

Y VYV

YV VYV

IIOCJICIOBATCIBHOCTD
BBIJIEIATH, OTBOJIUTH
nojo1iBa 00yBu

HEXBaTKa, rnepedou, AehUuInT
TBEPJI0€ TEJIO

OTBEPJCBATH
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84)
85)
86)
87)
88)
89)
90)

91)
92)
93)
94)
95)
96)

97)

split out
spur

starch
substitute
subtle
sulfur
temperature
stable

the latter
thymine
tire cord
trimers
uracil
vulcanized
rubber
yield

OTILEIUISATE
noOyX/J1aTh, MOJICTETHYTh
Kpaxmal

3aMeHa, 3aMEHHUTEIb
HE3HAYUTEIILHBIN

cepa

TEPMOCTAOMIIbHBIN

YVVVVVYY

» TIOCIICTHUN W3 JIBYX

» TUMUH

» IIWHHBIA KOpJ

» TpUMEp, TPEX3BEHHBIN MTOJTMMED
> ypanui

» pe3uHa (ByJKaHU3UPOBAHHAS )

» J1aTh, IPOU3BECTH
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Unit 111
CHEMICAL ENGINEERING PROCESSES AND EQUIPMENT

1. Read and try to guess the meaning of the following words and
word combinations:

pesticides, washing soda, portland cement, agrochemicals,
pharmaceutical, corrosion resistant equipment, pressures, distillation,
adsorption, filtration, empirical data, fundamental principles.

2. Translate conjugate words or words with the same roots:
extrude — extruder — extrusion — extruded — extrudate, heat — heater —
heating — heat-softened

3. Match the English words and word combinations in A with
their Russian equivalents in B.

A. 1) industrial chemicals; 2) ceramic products; 3) corrosion
resistant equipment; 4) meet required specifications; 5) a variety of
techniques; 6) insure safe operation; 7) research and development
laboratory; 8) research facilities; 9) production plant.

B. a) ycToiiunBoe K Koppo3uu oOopynoBaHue; 0) obecneuuTs 0€30-
NacHyl0 OKCIUTyaTalldio; B) KEpPaMHUYECKUE U3JENUs; TI) Hay4dHO-
UCclieZioBaTeNbCckasi 0asza; /1) MPOMBIIUICHHOE NPEANpUATHE; €) Hay4HO-
UCCIIEZIOBATENbCKAs TAOOPATOPHUS; K) pa3IMUHbIE METOJIUKH; 3) XUMUYECKHUE
BEIIECTBA MTPOMBIIIJIEHHOTO HA3HAYEHUS;, K1) COOTBETCTBOBATh HEOOXOIMMBIM
HOpMaTHBaM.

4. Read the text. Make a list of all the chemicals mentioned in the
text. Give their Russian equivalents.

Technology

As accepted by chemical engineers, the chemical industry involves
the use of chemical processes such as chemical reactions and refining
methods to produce a wide variety of solid, liquid, and gaseous materials.
Most of these products are used in manufacture of other items, although a
smaller number are used directly by consumers. Solvents, pesticides, lye,
washing soda, and portland cement are a few examples of product used by
consumers. The industry includes manufacturers of inorganic- and organic-
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industrial chemicals, ceramic products, petrochemicals, agrochemicals,
polymers and rubber (elastomers), oleochemicals (oils, fats, and waxes),
explosives, fragrances and flavors. Examples of these products are shown
in the Table below.

Product Type Examples
inorganic industrial ammonia, nitrogen, sodium hydroxide, sulfuric acid
organic industrial acrylonitrile, phenol, ethylene oxide, urea
ceramic products silica brick, frit
petrochemicals benzene, ethylene, styrene
agrochemicals fertilizers, insecticides, herbicides
polymers polyethylene, Bakelite, polyester
elastomers polyisoprene, neoprene, polyurethane
oleochemicals lard, soybean oil, stearic acid
explosives nitroglycerin, ammonium nitrate, nitrocellulose
fragrances and flavors benzyl benzoate, coumarin, vanillin

Although the pharmaceutical industry is often considered a chemical
industry, it has many different characteristics that put it in a separate
category. Other closely related industries include petroleum, glass, paint,
ink, sealant, adhesive, and food processing manufacturers.

Chemical processes such as chemical reactions are used in chemical
plants to form new substances in various types of reaction vessels. In
many cases the reactions are conducted in special corrosion resistant
equipment at elevated temperatures and pressures with the use of
catalysts. The products of these reactions are separated using a variety of
techniques including distillation especially fractional distillation,
precipitation, crystallization, adsorption, filtration, sublimation, and
drying. The processes and product are usually tested during and after
manufacture by dedicated instruments and on-site quality control
laboratories to insure safe operation and to assure that the product will
meet required specifications. The products are packaged and delivered by
many methods, including pipelines, tank-cars, and tank-trucks (for both
solids and liquids), cylinders, drums, bottles, and boxes. Chemical
companies often have a research and development laboratory for
developing and testing products and processes. These facilities may
include pilot plants, and such research facilities may be located at a site
separate from the production plant(s).

https://www.chemeurope.com/en/encyclopedia/Chemical industry.html.
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5. Read the text again and decide if the statements are true or
false.

1) Chemical reactions and refining methods are chemical processes.

2) Chemical reactions and refining methods produced by the
chemical industry are mostly used directly by consumers.

3) The industry includes manufacturers of great variety of
chemicals.

4) The pharmaceutical industry is a chemical industry.

5) Petroleum, glass, paint, ink, sealant, adhesive, and food
processing manufacturers are closely related to the chemical industry.

6) When new substances are formed in reaction vessels they are
separated by distillation and then tested.

7) The packaged products can be delivered by trucks.

8) Pilot plants are used for research and development at production
sites.

6. Translate the sentences. Pay attention to the Gerund.

1. Chemical companies often have a research and development
laboratory for developing and testing products and processes. 2. A
chemical process is a method intended to be used in manufacturing. 3. A
chemical process is a method or means of somehow changing one or more
chemicals. 4. In addition to chemical plants for producing chemicals,
chemical processes with similar technology and equipment are also used in
oil refining and other refineries, natural gas processing, polymer and
pharmaceutical manufacturing, and water and wastewater treatment. 5. The
dyeing of a fibre is a mass-transfer problem. 6. It can then be shaped by
extrusion, molding, or pressing. 7. They are commonly used in food
packaging. 8. Blow molding is a process used in conjunction with
extrusion or injection molding. 9. Casting can make thick sheet. 10. The
next step in the process is mixing and reacting the products.

7. Read the text. Three sentences have been removed from the text.
Choose from the sentences A — D those which best fit each gap. There is
one extra sentence which you do not need to use.

A. Block flow diagrams show the units as blocks and the streams
flowing between them as connecting lines with arrowheads to show
direction of flow.
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B. The rest of the article will cover the engineering type of chemical
process.

C. Chemical engineering unit operations consist of five classes.

D. More than one chemical plant may use the same chemical
process, each plant perhaps at differently scaled capacities.

Chemical Process

In a "scientific" sense, a chemical process is a method or means of
somehow changing one or more chemicals or chemical compounds. Such
a chemical process can occur by itself or be caused by somebody. Such a
chemical process commonly involves a chemical reaction of some sort. In
an "engineering" sense, a chemical process 1s a method intended to be used
in manufacturing or on an industrial scale to change the composition of
chemical(s) or material(s), usually using technology similar or related to
that used in chemical plants or the chemical industry.

Neither of these definitions is exact in the sense that one can always
tell definitively what a chemical process is and what is not; they are
practical definitions. There is also significant overlap in these two
definition variations. Because of the inexactness of the definition, chemists
and other scientists use the term "chemical process" only in a general sense
or in the engineering sense. However, in the "process (engineering)" sense,
the term "chemical process" is used extensively. 1.

Although this type of chemical process may sometimes involve only
one step, often multiple steps, referred to as unit operations, are involved.
In a plant, each of the unit operations commonly occur in individual
vessels or sections of the plant called units. Often, one or more chemical
reactions are involved, but other ways of changing chemical (or material)
composition may be used, such as mixing or separation processes. The
process steps may be sequential in time or sequential in space along a
stream of flowing or moving material. For a given amount of a feed
(input) material or product (output) material, an expected amount of
material can be determined at key steps in the process from empirical data
and material balance calculations. These amounts can be scaled up or
down to suit the desired capacity or operation of a particular chemical
plant built for such a process. 2.

Such chemical processes can be illustrated generally as block flow
diagrams or in more detail as process flow diagrams. 3.
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In addition to chemical plants for producing chemicals, chemical
processes with similar technology and equipment are also used in oil
refining and other refineries, natural gas processing, polymer and
pharmaceutical manufacturing, and water and wastewater treatment.

https.//www.chemeurope.com/en/encyclopedia/Chemical_process.html.

8. Read the text again and answer the questions:

1. What is a chemical process?

2. Does the author state that the definitions of a chemical process
given in the text are exact?

3. What type of chemical process is covered in the article?

4. Where do unit operations commonly occur?

5. Are chemical reactions combined with other ways of changing
chemical (or material) composition?

6. How can chemical processes be illustrated generally or in more
detail?

7. Where are chemical processes also used?
9. Read the text and answer the questions that follow.

Unit Operation

In chemical engineering and related fields, a unit operation is a basic
step in a process. For example in milk processing, homogenization,
pasteurization, chilling, and packaging are each unit operations which are
connected to create the overall process. A process may have many unit
operations to obtain the desired product.

Historically, the different chemical industries were regarded as
different industrial processes and with different principles. In 1923
William H. Walker, Warren K. Lewis and William H. McAdams wrote the
book The Principles of Chemical Engineering and explained the variety of
chemical industries have processes which follow the same physical laws.
They summed-up these similar processes into unit operations. Each unit
operation follows the same physical laws and may be used in all chemical
industries. The unit operations form the fundamental principles of chemical
engineering.

Chemical engineering unit operations consist of five classes:
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1. Fluid flow processes, including fluids transportation, filtration,
solids fluidization

2. Heat transfer processes, including evaporation, condensation

3. Mass transfer processes, including gas absorption, distillation,
extraction, adsorption, drying

4. Thermodynamic  processes, including gas liquefaction,
refrigeration

5. Mechanical processes, including solids transportation, crushing
and pulverization, screening and sieving

Chemical engineering unit operations also fall in the following
categories:

« Combination (mixing)

« Separation (distillation)

« Reaction (chemical reaction)

Chemical engineering unit operations and chemical engineering unit
processing form the main principles of all kinds of chemical industries and
are the foundation of designs of chemical plants, factories, and equipment
used.

https://www.chemeurope.com/en/encyclopedia/Unit _operation.html.

1. What is a unit operation in chemical engineering and related
fields?

2. What did William H. Walker et al explain in the book "The
Principles of Chemical Engineering"?

3. What fundamental transport processes are most unit operations
based upon?

4. What classes do chemical engineering unit operations consist of?

5. What do chemical engineering unit operations and chemical
engineering unit processing form?

10. Read and say in what industries chemical engineers are found.

Branches of Chemical Engineering
The fundamental principles of chemical engineering underlie the
operation of processes extending well beyond the boundaries of the
chemical industry and chemical engineers are employed in a range of
operations outside traditional areas. Plastics, polymers and synthetic fibres
involve chemical-reaction engineering problems in their manufacture, with
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fluid flow and heat transfer considerations dominating their fabrication.
The dyeing of a fibre is a mass-transfer problem. Pulp and paper
manufacture involve considerations of fluid flow and heat transfer. While
the scale and materials are different, these again are found in modern
continuous production of foodstuffs. The pharmaceuticals industry presents
chemical engineering problems, the solutions of which have been essential
to the availability of modern drugs. The nuclear industry makes similar
demands on the chemical engineer, particularly for fuel manufacture and
reprocessing. Chemical engineers are involved in many sectors of the
metals processing industry, which extends from steel manufacture to
separation of rare metals.

Further applications of chemical engineering are found in the fuel
industries. In the second half of the 20™ century, considerable numbers of
chemical engineers have been involved in space exploration, from the
design of fuel cells to the manufacture of propellants. Looking to the
future, it is probable that chemical engineering will provide the solution to
at least two of the world's major problems: supply of adequate fresh water
in all regions through desalination of seawater and environmental control
through prevention of pollution.

https://www.britannica.com/technology/chemical-engineering.

11. Read and try to guess the meaning of the following words and
word combinations:

polyurethanes, mattress, insulation; phenol formaldehyde, thermoplastic;
extrusion; polyethylene; polypropylene; polyvinyl chloride; granules.

12. Match the English words and word combinations in A with
their Russian equivalents in B.

A. 1) boat hull; 2) bath tub; 3) shower stall; 4) engine blade;
5) electrical appliances; 6) electrical circuit boards and switches; 7) milk
jug; 8) carbonated soft drink; 9) packaging film; 10) agricultural film;
11) instrument panel; 12) finished product; 13) conveyor belt; 14) meat
mincer; 15) coated paper; 16) three-dimensional; 17) reproducibility;
18) molten plastic.

B. a) nomacte aBurarens; 6) MscopyOka; B) MOJOYHBIA KYBIITWH;
I') TOTOBBIA TPOIYKT, KOHEYHas MNPOAYKIHUSA;, J) BOCIPOU3BOJUMOCTD;
€) CEeNIbCKOXO3SIIICTBEHHAsl IJIEHKA; >K) MeJoBaHHasi Oymara; 3) paciuiaB-
JICHHBIN MIIACTUK; W) KOPIYC JIOAKHU; K) ra3upOBAHHBIA 0€3aJIKOTOIbHBIM

43



Unit 111

HAIUTOK; JI) BaHHA; M) IJICHKA ]ISl YIIAKOBKU; H) AJIEKTPOOOOPYIOBAHUE;
0) JIeHTa KOHBeMepa; ) MpuOopHas MaHelb; p) 00BEMHBI; ¢) AylIeBas Ka-
OWHA; T) ANEKTPUUYECKUE IUTHI U BHIKJIFOYATEIH.

13. Read the text and complete the chart with the necessary
information according to the example.

Types of Plastics and Their Applications

Thermoset
Properties: Properties:
polyurethane matrasses
cushions
insulation

The Basics of Plastic Manufacturing.
The Two Plastic Types, Based on Processing
A Thermoset is a polymer that solidifies or "sets" irreversibly
when heated or cured. Similar to the relationship between a raw and a
cooked egg, a cooked egg cannot revert back to its original form once
heated, and a thermoset polymer can't be softened once "set".
Thermosets are valued for their durability and strength and are used
extensively in automobiles and construction including applications such
as adhesives, inks, and coatings. The most common thermoset is the
rubber truck and automobile tire. Some examples of thermoset plastics
and their product applications are:
Polyurethanes:
— Mattresses
— Cushions
— Insulation
Unsaturated Polyesters:
— Boat hulls
— Bath tubs and shower stalls
— Furniture
Epoxies:
— Adhesive glues
— Coating for electrical devices
— Helicopter and jet engine blades
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Phenol Formaldehyde:
— Oriented strand board
— Plywood
— Electrical appliances
— Electrical circuit boards and switches
A Thermoplastic is a polymer in which the molecules are held
together by weak secondary bonding forces that soften when exposed to
heat and return to its original condition when cooled back down to room
temperature. When a thermoplastic is softened by heat, it can then be
shaped by extrusion, molding, or pressing. Ice cubes are common
household items which exemplify the thermoplastic principle. Ice will melt
when heated but readily solidifies when cooled. Like a polymer, this
process may be repeated numerous times. Thermoplastics offer versatility
and a wide range of applications. They are commonly used in food
packaging because they can be rapidly and economically formed into any
shape needed to fulfill the packaging function. Examples include milk jugs
and carbonated soft drink bottles. Other examples of thermoplastics are:
Polyethylene:
— Packaging
— Electrical insulation
— Milk and water bottles
— Packaging film
— House wrap
— Agricultural film
Polypropylene:
— Carpet fibers
— Automotive bumpers
— Microwave containers
— External prostheses
Polyvinyl Chloride (PVC):
— Sheathing for electrical cables
— Floor and wall coverings
— Siding
— Automobile instrument panels
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14. Read the text and make flowcharts to illustrate processing
methods described in the text.

Thermoplastic and Thermoset Processing Methods

There are a variety of different processing methods used to convert
polymers into finished products. Some include:

Extrusion. This continuous process is used to produce films, sheet,
profiles, tubes, and pipes. Plastic material as granules, pellets, or powder,
is first loaded into a hopper and then fed into a long heated chamber
through which it is moved by the action of a continuously revolving
screw. The chamber is a cylinder and is referred to as an extruder.
Extruders can have one or two revolving screws. The plastic is melted by
the mechanical work of the screw and the heat from the extruder wall. At
the end of the heated chamber, the molten plastic is forced out through a
small opening called a die to form the shape of the finished product. As the
plastic is extruded from the die, it is fed onto a conveyor belt for cooling or
onto rollers for cooling or by immersion in water for cooling. The
operation's principle is the same as that of a meat mincer but with added
heaters in the wall of the extruder and cooling of the product. Examples of
extruded products include lawn edging’, pipe, film, coated paper,
insulation on electrical wires, gutter and down spouting'®, plastic lumber!!
and window trim'2. Thermoplastics are processed by continuous extrusion.
Thermoset elastomer can be extruded into weatherstripping"® by adding
catalysts to the rubber material as it is fed into the extruder.

Calendering. This continuous process is an extension of film extrusion.
The still warm extrudate is chilled on polished, cold rolls to create sheet
from 0.005 inches thick to 0.500 inches thick. The thickness is well
maintained and surface made smooth by the polished rollers. Calendering is
used for high output and the ability to deal with low melt strength. Heavy
polyethylene films used for construction vapor and liquid barriers are
calendered. High volume PVC films are typically made using calendars.

Film Blowing. This process continuously extrudes vertically a ring of
semi-molten polymer in an upward direction, like a fountain. A bubble of

? lawn edging — GoparopHas JIeHTa I cajia

10 spouting — cucreMa caMOTEUHBIX TPYOOIIPOBOIOB
' Tumber — 6pyc

12 window trim — OKOHHBIE HAIMYHUKU

13 weatherstripping — ymiotHuTens
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air 1s maintained that stretches the plastic axially and radially into a tube
many times the diameter of the ring. The diameter of the tube depends on
the plastic being processed and the processing conditions. The tube is
cooled by air and is nipped and wound continuously as a flattened tube.
The tube can be processed to form saleable! bags or slit to form rolls of
film with thicknesses of 0.0003 to 0.005 inches thick. Multiple layers of
different resins can be used to make the tube.

Injection Molding. This process can produce intricate three-
dimensional parts of high quality and great reproducibility. It is
predominately used for thermoplastics but some thermosets and elastomers
are also processed by injection molding. In injection molding plastic material
is fed into a hopper, which feeds into an extruder. An extruder screw pushes
the plastic through the heating chamber in which the material is then melted.
At the end of the extruder the molten plastic is forced at high pressure into a
closed cold mold. The high pressure is needed to be sure the mold is
completely filled. Once the plastic cools to a solid, the mold opens and the
finished product is ejected. This process is used to make such items as butter
tubs, yogurt containers, bottle caps, toys, fittings, and lawn chairs. Special
catalysts can be added to create the thermoset plastic products during the
processing, such as cured silicone rubber parts. Injection molding is a
discontinuous process as the parts are formed in molds and must be cooled
or cured before being removed. The economics are determined by how many
parts can be made per cycle and how short the cycles can be.

Blow Molding. Blow molding is a process used in conjunction with
extrusion or injection molding. In one form, extrusion blow molding, the
die forms a continuous semi-molten tube of thermoplastic material. A
chilled mold is clamped around the tube and compressed air is then blown
into the tube to conform the tube to the interior of the mold and to solidify
the stretched tube. Overall, the goal is to produce a uniform melt, form it
into a tube with the desired cross section and blow it into the exact shape
of the product. This process is used to manufacture hollow plastic products
and its principal advantage is its ability to produce hollow shapes without
having to join two or more separately injection molded parts. This method
is used to make items such as commercial drums and milk bottles. Another
blow molding technique is to injection mold an intermediate shape called a
preform and then to heat the preform and blow the heat-softened plastic

14 saleable — monp3yrOMUIACS CIPOCOM
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into the final shape in a chilled mold. This is the process to make
carbonated soft drink bottles.

Expanded Bead Blowing. This process begins with a measured volume
of beads of plastic being placed into a mold. The beads contain a blowing
agent or gas, usually pentane, dissolved in the plastic. The closed mold is
heated to soften the plastic and the gas expands or blowing agent generates
gas. The result is fused closed cell structure of foamed plastic that conforms
to a shape, such as expanded polystyrene cups. Styrofoam " expanded
polystyrene thermal insulation board is made in a continuous extrusion
process using expanded bead blowing.

Rotational Molding. Rotational molding consists of a mold mounted on
a machine capable of rotating on two axes simultaneously. Solid or liquid
resin is placed within the mold and heat is applied. Rotation distributes the
plastic into a uniform coating on the inside of the mold then the mold is
cooled until the plastic part cools and hardens. This process is used to make
hollow configurations. Common rotationally molded products include
shipping drums, storage tanks and some consumer furniture and toys.

Compression Molding. This process has a prepared volume of plastic
placed into a mold cavity and then a second mold or plug is applied to
squeeze the plastic into the desired shape. The plastic can be a semi-cured
thermoset, such as an automobile tire, or a thermoplastic or a mat of
thermoset resin and long glass fibers, such as for a boat hull. Compression
molding can be automated or require considerable hand labor. Transfer
molding is a refinement of compression molding. Transfer molding 1s used
to encapsulate parts, such as for semi-conductor manufacturing.

The formation of plywood or oriented strand board using thermoset
adhesives is a variant of compression molding. The wood veneer’® or
strands'® are coated with catalyzed thermoset phenol formaldehyde resin
and compressed and heated to cause the thermoset plastic to form into a
rigid, non-melting adhesive.

Casting. This process is the low pressure, often just pouring, addition
of liquid resins to a mold. Catalyzed thermoset plastics can be formed into
intricate shapes by casting. Molten polymethyl methacrylate thermoplastic
can be cast into slabs'” to form windows for commercial aquariums. Casting
can make thick sheet, 0.500 inches to many inches thick.

15 wood veneer — npeBecnas danepa
16 strands — xaGenb
17 slabs — nucToBas 3aroToBKa
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Thermoforming. Films of thermoplastic are heated to soften the film,
and then the soft film is pulled by vacuum or pushed by pressure to
conform to a mold or pressed with a plug into a mold. Parts are
thermoformed either from cut pieces for thick sheet, over 0.100 inches, or
from rolls of thin sheet. The finished parts are cut from the sheet and the
scrap sheet '®material recycled for manufacture of new sheet. The process
can be automated for high volume production of clamshell food containers
or can be a simple hand labor process to make individual craft items.

https://plastics.americanchemistry.com/How-Plastics-Are-Made/.

15. Get ready to summarize the text of ex. 13.

16. Make a presentation on Thermoplastic and Thermoset
Processing Methods.

17. Read the text and say what the major process steps are. Draw a
flowchart to illustrate the sequence of these steps.

What Are the Different Types of Chemical Plant Equipment?

Chemical plant equipment used for chemical processing includes a
wide range of machines, tanks, and other parts. From the time raw
materials enter a process, they are stored, moved, and processed in a great
number of ways. One way to look at important chemical plant equipment is
to move through the major process steps.

Raw materials may be delivered by boat, truck or rail, as liquids and
solids. They are often stored in tanks for bulk materials, and warehouse
storage may be used for bags or drums. Materials eventually enter the
process through feeder tanks that store enough products to supply the
reaction steps, or bagged chemicals may be added by hand.

The next step in the process is mixing and reacting the products.
Mixing tanks with large agitator paddles or air jets can mix solids and
liquids. Tower reactors move liquids and gases in the same or opposite
directions to provide chemical reactions. Reactors can be heated to melt raw
materials or provide temperatures needed for chemical reactions to occur.
Heat may be provided by electricity, requiring electrical heating coils, or
with steam provided by a separate steam plant. Some processes are
performed at low temperatures and need cooling systems to maintain proper
temperatures.

18 scrap sheet — 6pakoBaHHBIN JTHCT
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Once the reaction or multiple reactions have occurred, the next type of
chemical plant equipment is separation and purification. In many
processes, the desired product is mixed with raw materials or other
chemicals used in the reaction. These products may be removed using tanks
that separate liquids and gases or by towers that extract the desired product
by mixing the stream with water or solvents. The final product may be dried
in large tanks called spray towers, where the liquid is sprayed into drops
that allow the liquid to evaporate, creating a dry final product.

Products may need to be dried in large rotating drums, called Kilns,
which remove water or solvents to create the final product. Liquids may
need to be heated or cooled prior to shipping, and are stored in tanks that
provide the needed temperatures. Dry products may be placed in bags or
other containers, requiring a packaging plant to be installed that loads the
bags from bulk storage.

A review of chemical plant equipment should also include the systems
that support the operation of the plant. Chemical plants often require a large
cooling capacity, and cooling towers may be used to provide cool water for
plant use. Air compressors provide pressurized air for process and
instrumentation needs. Instruments control everything by monitoring plant
conditions and operating control valves, and may be powered by electricity
or compressed air. Refrigeration systems may be needed for process cooling
or for storage of temperature-sensitive products.

Another type of chemical plant equipment is used to move product
through the plant. Pumps move liquids and liquid/solid mixtures through
the various process steps, and load finished product onto rail cars, ships
and trucks. Some solids can be mixed with air and moved through piping
like a liquid, saving time and handling of bags or containers. Valves can
start and stop movement of product in and out of reactors or tanks, or
change the direction of flow to different reactors or storage tanks.

Conveyors using continuous belts move bulk or loose solids from
place to place, and in or out of storage buildings or tanks. Groups of storage
tanks called tank farms store products awaiting transportation or use in
another plant. Warehouses store bags, containers, or drums of finished
product for shipping, and can be temperature-controlled. There is normally a
loading dock attached to a warehouse, and motorized loaders called fork
trucks can pick up pallets or containers and place them in transport trucks.

https://www.wisegeek.com/what-are-the-different-types-of-chemical-
plant-equipment. htm.
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18. What kinds of tanks, plants and towers are mentioned in the
text? Read the text again and complete the word combinations with
words from the text.

1) feeder 1) steam 1) spray
2) tanks 2) plants 2) towers
3) 3) 3)

19. Complete the passage with words and word combinations from
the box.

Enter, mixed, moved, processed, boat, truck, rail, liquids, solids, tanks,
bags, drums, containers, feeder tanks, agitator paddles, mixing, tower
reactors

Raw materials are delivered by ..., ..., ... as ... and ... They are
stored in ..., ..., ..., or other ... Eventually they ... a process through ...
.... They are ... with air jets or ... ... in ... tanks and ... by ... to provide

chemical reactions. They are ... in different ways.

20. Read the text again and complete the table.

Types of Chemical Plant Equipment Functions

21. Get ready to summarize the text on different types of chemical
plant equipment.

22. Make a presentation on different types of chemical plant
equipment.
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)
2)
3)
4)

aforementioned
agitator paddle
air jet

at elevated

temperatures

S)

6)
7)
8)
9)
10)
11)
12)
13)
14)
15)
16)
17)

18)
19)
20)
21)

bagged chemicals

beads of plastic
block flow diagram
blow molding
blowing agent
bonding forces
bulk or loose solids
bulk storage
calendering

casting

catalysts

chemical compound

chemical plants

clamp

closed cold mold
coatings
compression

molding

22)
23)
24)
25)
26)
27)
28)
29)
30)
31)

conform to a shape
control valves
convert

cooling systems
cross section
crystallization
cure

dedicated

die

discontinuous

>
>
>
>

>

>
>
>
>
>
>
>
>
>
>
>
>

>
>
>
>

>
>
>
>
>
>
>
>
>
>

Vocabulary

BBIIICYTTIOMSHY ThIH
JIOTIACTh MEIIAJIKU

dbopcyHka
IIPH MTOBBIIIICHHOHN TeMIiepaType

XUMHUYECKHE BEIIECTBA, YITAKOBAHHBIE
B MEIIIOK

rpaHyJIbl/IIAPUKU TIJIACTUKA
TEeXHOJOrnuueckas OJI0K-cxema

JUTHE C pa3ayBOM

BCIICHUBAIOIIIEE BEIIECTBO

CHJIa XUMUYECKOU CBSI3U

MOPOIIIOK

XpaHEHUEe HACKINbIO (0€3 Taphl)
KAJIAHAPUPOBAHUE, BAJIBIIEBAHUE

JIUTHE

KaTaJIn3aTop, OTBEPAUTEID

XUMHYECKOE COEUHEHHE

XUMHYECKasi TEXHOJOTUYECKas YCTaHOBKA;
XUMHUYECKOe O000pYy/IOBaHUE, XUMHUYECKHUI
3aBOJI

buKCUpOBaTH

MaTpulia i1 XOJIOJHOTO MPECCOBAHUS
MOKPBITHUS

npeccoBanue B (opMme; MpsiMOe MpeccoBa-
HUE

COOTBETCTBOBATh (hopme

pEryJIUPYIOLIUHI KJlaraH

U3MEHSATh, TPeoOpPa30BLIBATH

CUCTEMa OXJIAXKICHUSI

MONIEPEYHOE CEYEHUE

KPUCTAJUIA3ALNS], OTBEPACBAHHE
OTBEPKAATh

CHEHHATM3UPOBAHHBIN

TOJIOBKA SKCTPYIepa

IIPEPBIBAEMBIN
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32) durability

33) eject

34) empirical data

35) encapsulate

36) epoxy

37) expanded
polystyrene

38) explosives

39) external prostheses
40) extrudate

41) extruder screw
42) feed — fed

43) feed (input) material
44) feed into

45) film blowing

46) flattened tube
47) flavors

48) fork truck

49) fractional distillation
50) fragrances

51) fuel cell

52) heated chamber
53) heating coil

54) hollow

55) hopper

56) house wrap

57) immersion

58) 1in conjunction with
59) injection molding
60) intricate

61) irreversibly

62) kiln

63) loading dock
64) lye

65) material balance
calculations

66) melt strength

» W3HOCOYCTOWYHBOCTD, JOJITOBEYHOCTh
» U3BJICKaTh

AMITUPUYECKHE / OTIBITHBIC JaHHbBIC
KOMIIOHOBATh

AIIOKCHUJIHAS CMOJIa

BCIICHCHHBIN / Ta30HANOJHESHHBIN ITOJIMCTH-
poi

B3PbIBUATHIC BEILIECTBA

AKTOIPOTE3

AKCTPYyAAT, SKCTPYAUPYEMAst 3arOTOBKA
HIHEK SKCTpyAepa

110/1aBaTh

3arpykaeMpiii (MCXOIHBIN) MaTepra
BBOJIUTH

MOJIyYCHUE IUIEHKU DKCTPY3UEH C pas3iayB-
KO

CIUTIOIICHHAsI TPYyOKa

BKyCOBas J100aBKa

BWJIOYHBIN aBTOMOTPY3UHK
dbpakImoHHas MeperoHKa, peKTU(UKaIUS
apoMaTU4eckue J00aBKH, OTIyIIKA
TOILUIMBHBIN YJIEMEHT

HarpeBaTebHask KaMepa
HarpeBaTEIbHBIN SJICMEHT

IIOJIBIN, ITyCTOTEIIBIN

3arpy304HbIN JIFOK

BETPO3allMTHAS TJIEHKA

MOTPY>KEHUE

Hapsay C

JUTHEBOE MPECCOBAHUE
3aMBICJIOBAThIN, CJIOKHBIN

HEOOpaTUMO

KaMepHas CylInJIKa
MIOTPY30YHO-pa3rpy304Has miardpopma
> 1EI04Yb

» pacdeT MaTepuajJbLHOTO Oaanca

YV VYV

YVVVYVYVYYY

VVVVVVVVVVVVVVYVYVYVYYVYY

» TPOYHOCTH pacIijiaBa
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67) mold cavity
68) molding
69) motorized loaders

70) nipped
71) oil refining

72) oleochemicals
73) on-site

74) oriented strand board

75) packaging plant
76) pallet
77) pellet
78) petrochemicals

79) pilot plants

80) pipeline

81) plant equipment
82) plug

83) plywood

84) precipitation
85) predominately
86) preform

87) pressing

88) process flow
diagrams

89) processing method
90) product (output)
material

91) purification
92) quality control
laboratory

93) rail car

94) raw materials
95) reaction vessels
96) refinery

97) refining method
98) revert

99) revolve

THE3/10 npecc-Popmbl

JUTHE TIO/1 IaBJICHUEM

MEXaHU3WPOBAHHOE TMOTPY30UYHOE YCTPOIi-
CTBO

CKAaTBIN

neperonka HeTH, ounucTka HepTH U HedTe-
IPOTYKTOB

POJIYKTHI IEPepabOTKHU Macell

BBIE3/THOM, HA MECTE IKCILTyaTaIluu
OpPUEHTUPOBAHHO-CTPYKEUHAs TIIUTA
yCTaHOBKA JIJIsl yIIAaKOBKHU

rPy30BOU MOA0H

IapuK, TpaHyJia

He(TEeNPOAYKThI, MPOAYKTHl HedTenepepa-
00TKH

IKCIIEpUMEHTAJIbHAS YCTAaHOBKA
TPyOOIIPOBO/T

3aBOJICKOE 000pY/I0BaHUE

» BCTaBKa

» Ganepa

» BBICAKMBaHUE, OCAKICHUE

» TPEUMYIIECTBEHHO, B OCHOBHOM

» npedopma, 3aroTOBKA

IIPECCOBAHUE

cXema TeXHOJOTHYECKOro Mmpolecca

VVV VVVVVVY VYV VYVYVY

croco6 00pabOTKH, TEXHOJIOTUYECKUM METO/T
UCXOIAIINN MaTepuai

OUYHCTKA
J1a00paTopusi KOHTPOJISI KaueCcTBa

YKEJIE3HOAOPOKHBIN BarOH

CBIPbE, 3arOTOBKA, UCXOAHBIA MaTepuall
XAMHUYECKUN PEAKTOP

OUYHCTKA, IepepadoTKa

METOJ OYHUCTKHU

BO3BpaIaThes (B MpekKHEe COCTOSHUE)
BpaIaThCs

VVVVVVYVY VYV VYV VY
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100)
101)
102)
103)
104)
105)
106)
107)
108)
109)
110)
111)
112)
113)
114)
115)
116)
117)
118)
119)
120)
121)
122)

123)

124)
125)

rollers
rotating drums
rotational molding
scale down
scale up
screw

sealant
separation
sequential

set

sheathing
shipping
siding

slit

solidify
solvent
specifications
Spray tower
squeeze
steam plant
strength
styrofoam
tank farm

tank-cars

tank-trucks
temperature-

sensitive product

126)
127)
128)

thermoset polymer
uniform melt
unsaturated

polyester

129)
130)
131)
132)

valve
versatility
waxes

wind (wound,

wound)

» POJIMKOBBIN KOHBEWEp

» Bpamaromuiics 6apadan

» 1eHTpoOekHOe (hOpMOBaHUE

» CHWXaTh, YMCHBIIIATH

» TIOBBIIIATH, YBEIIMUNBATh

» 4depBsK (PKCTpyaepa)

» TEePMETHK, 3aII0JTHUTEIIb

» pasjclicHHe

» TI0CJIE0OBATEIbHBIHN, IO TAITHbIN

» 30. 3aTBEp/IeBaTh

» W30JIAIMOHHBIN MaTepuay, 0OMOTKa

» TPaHCIOPTHUPOBKA I'py3a, MepeBO3Ka

» 00I1IMBKa, OOJHUI[OBKA

» paszpes3atb

» OTBEPKIaThCS

» pacTBOPUTEIH

» TEXHUYECKHE YCIIOBUS

» KOJIOHHA C PaCHbLIUTEIIBHBIM OPOIIICHUEM
» (GopMoBaTh, BHITIPECCOBHIBATH

» maporeHepaTop

» TIPOYHOCTH

» TICHOMOJUCTUPOIT

» XpaHWIHIE, CKJIaJl TOTOBOW TPOIYKIIHH,
pe3€pBYAPHBIN NTAPK TOPIOYETO

IIUCTEPHA, aBTOIUCTEPHA, >KEJIE3HOIOPOXK-
Hasl IIUCTepHA

O€H30B03

TEPMOYYBCTBUTEIIBHBIN TIPOAYKT

TEPMOPEAKTUBHBIN TTOJIUMED
OJIHOPOJHBIN CILIaB
HEHACHIIICHHBINA MOTMIPUP

Y VVYVY VV V¥V

KJIaraH
» YHUBEPCAITBHOCTh, MHOTO(DYHKITHOHAITEHOCTh
» BOCK, ImapaduH

» KPYTUTBCS
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Unit IV
ENVIRONMENTAL PROBLEMS
AND CHEMICAL ENGINEERING

1. Read and try to guess the meaning of the following words and
word combinations:

living organisms, future generations; green chemistry; human health;
plastic ingredient; governments strictly control; artificially created; toxic
materials; permanent harm; metabolism; natural hormone levels; serious
problems; label products; biofiltration; chemical reactors design;
composting.

2. Translate conjugate words or words with the same roots:
pollute — pollution — polluted; degrade — degradable — biodegradable;
sustainable — sustainability; produce — producer — product — production.

3. Match the English words and word combinations in A with
their Russian equivalents in B.

A. 1) few decades; 2) growing concerns; 3) impact of industry;
4) a hole in the ozone layer; 5) streams and rivers; 6) directly attributable;
7) cause problems; 8) lie outside; 9) direct influence; 10) enormous
investment; 11) many of the public; 12) the very consumers;
13) significant changes; 14) reduce the impact on the environment;
15) sustainable development; 16) meets the needs; 17) present a risk.

B. a) skoycTtoiiumBoe pa3BUTHE; O) MPEACTABIATH Yrpo3y; B) CyIle-
CTBCHHBIE M3MCHEHHUS;, T) OTPOMHBIC KaITUTAIOBIOKECHHUS;, 1) CO3/1aBaTh MPO-
ONEeMBbI; €) JIbIpa B 030HOBOM CJIO€; 7K) HECKOJIbKO ACCATUJICTUI; 3) PyUbH U
PEKH; M) HAXOIUTKCS 32 MpeeaMu; K) MHOTHE JIFO]IH, IIIMPOKasi OOIIECTBEH-
HOCTb; J1) CHU3UTh BIIUSIHUE HA OKPY’KAIOIIYIO CPElly; M) OTBeYaTh MOTPeO-
HOCTSIM; H) UMEHHO MOTPEOUTENH; 0) HEMOCPEJACTBEHHOE BIIMSHUE; I1) HETO-
CPEIICTBEHHO BBI3BaHHBIN; p) pacTyiasi 03a00YE€HHOCTb; C) BIMSHHUE MPO-
MBIIIIEHHOCTH.
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4. Combine words from A with words from B to make word
partnerships.

A B
acid gases
global layer
greenhouse rain
polluted city generation
ozone problems
power environment
major the needs
significant generations
future chemistry
green development
meet atmosphere
process changes

5. Read the text and answer the questions that follow.

Green Chemistry

The last few decades of the 20" century witnessed growing concerns
over the impact of industry on the global environment. These concerns
included acid rain, increasing levels of greenhouse gases, fertilizers in
streams and rivers, polluted city atmospheres, and a hole in the ozone layer.
Some of these are directly attributable to power generation and transport,
which have caused major problems and lie outside the direct influence of the
chemical industry.

However, in spite of an enormous investment over the last 50 years to
ensure that the production of chemicals does not have a malign effect on the
environment, many of the public, the very consumers of the products, still
associate the chemical industry with the worst sorts of pollution.

There 1s no doubt that there are still mistakes and these are generally
well publicised in the media but overall there have been significant
changes in the operation of the chemical industry that are designed to
reduce the impact on the environment.

The acceptance that the chemical industry must not adversely affect
the environment for future generations has been the driving force behind the
development of green chemistry. This is not a separate branch of chemistry,
but an approach that permeates every stage of process development.
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The aspiration can be summed up in one word: sustainability.
Sustainable development and manufacture meets the needs of the present
without compromising the ability of future generations to meet their own
needs. The problems it aims to address are:

« the depletion of finite oil, gas and mineral resources

« the production of waste, some of it harmful to living organisms

« reagents and processes that present a risk to human health and the
environment

« products, which when disposed of, do not degrade easily.

http://'www.essentialchemicalindustry.org/processes/green-chemistry.html.

1. When did impact of industry on global environment become
growing concern?

2. What did these concerns include?

3. Are they directly influenced by the chemical industry?

4. Do many people associate the chemical industry with the worst
pollution?

5. What makes it possible to develop green chemistry?

6. How is green chemistry related to chemistry?

7. What does sustainability mean and what problems does it address?

6. Read the text and make a list of problems resulted from the use
of synthetic polymers.

The Effect of the Uses of Synthetic Polymers to Our Environment

The use of synthetic polymers, however results in environmental
problems.

Most polymers are not biodegradable. Polymers cannot be decomposed
biologically or naturally by bacteria or fungi as in the case of other garbage.
Thus, the disposal of polymers has resulted in environmental pollution
because they remain in the environment forever.

Discarded plastic items may cause blockage of drainage systems and
rivers thus causing flash floods".

Plastic containers and bottles strewn around become good breeding
places® for mosquitoes which cause dengue fever®' or malaria.

19 flash floods — nuBHEBBIE ABOAKK
20 breeding place — MecTO pa3MHOKEHUS
21 dengue fever — nmuxopajka aeHre
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Small plastic items that are thrown into the rivers, lakes and seas are
something swallowed®? by aquatic animals. These animals may die from
choking??.

The open burning of plastics gives rise to poisonous and acidic gases
like carbon monoxide, hydrogen chloride and hydrogen cyanide. These are
harmful to the environment as they cause acid rain.

Burning of plastics can also produce carbon dioxide, too much of this
gas in the atmosphere leads to the "green house effect".

The main source of raw materials for the making of synthetic
polymers is petroleum. Petroleum is a non-renewable resource.

This problem can be overcome by the following ways:

Recycling polymers: Plastics can be decomposed by heating them
without oxygen at 700 °C. This process is called pyrolysis. The products of
this process are then recycled into new products.

Inventing biodegradable polymers: Such polymers should be mixed
with substances that can be decomposed by bacteria (to become
biodegradable) or light (to become photodegradable).

https://ru.scribd.com/doc/19255206/Synthetic-Polymers.

7. Read the text again and decide if the statements are true or
false. Correct the false ones.

1) Polymers cause environmental pollution as they are not
biodegradable.

2) Discarded plastic items may cause flooding.

3) Plastic containers and bottles strewn around can cause dengue
fever?®, or malaria.

4) Aquatic animals may die from swallowed plastic items.

5) The open burning of plastics causes acid rain and leads to the
"green house effect".

6) Synthetic polymers are made from petroleum.

7) Polymers can be recycled but they can’t be biodegradable.

22 gwallow — roraTh
23 choking — yaymbe
24 dengue fever — nmuxopajka aeHre
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8. Read the text and fill in the table.

Plastic Disadvantages Negative Effects of Plastic

Plastic Disadvantages — Negative Effects of Plastic

Today, you can hardly look around you and not spot some item that
1s made entirely from plastic or has some plastic ingredient. This only
proves that from its inception up to now plastic has managed to become
popular building material of millions of useful items, but it is not perfect.
Plastic has several disadvantages that prevent it from becoming universal
building block of modern human civilization, and because of that many
governments strictly control its use and create complex law that govern its
creation, recycling and environmental impact of waste plastic and
chemicals that are used 1n its creation.

Here are some of the biggest disadvantages of plastic:

Durability. Plastic is light, moldable, sturdy, and can have countless
forms, but one of the most known features is its durability. Plastic is
artificially created polymer compound which can survive many centuries
before nature is able to degrade it (some degrade into basic ingredients and
How long til they’re gone? some only divide into very
Estimated time taken to biodegrade small piCCCS). This

/2 troublesome ability of plastic
doesn’t have great immediate
impact on our environment,
but its continuous dumping
into seas and land will
eventually create problems
for future generations. Even
with all this durability, plastic

600 —
&
400

300

200

100 products are not
50 years indestructible and it cannot
0 . . .
Stryrofoam  Aluminium Nappy Plastic Fishing be used asS a baSIC bulldlng
cup can bottle line .
Exact time will vary by product type and environmental conditions blOCk for eVeI'ythlng we need.
Source: NOAA / Woods Hole Sea Grant [B]B[C)
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Environmental Harm. Ever increasing plastic production since 1950s
managed to saturate world with waste plastic product that can cause big
effects on our environment. Decomposing of plastic product can last from
400 to 1000 years with newer "degradable" compounds, but before that
degradation can happen waste plastic will continue to clog our waterways,
oceans, forests, and other natural habitats that are filled with animals who
mistake dangerous plastic for food. Chemical dangers are also high, because
both creation and recycling of plastic produce toxic materials of many kinds.

Chemical Risk. Not only that creation and recycling of plastic can
cause serious environmental risk, but some of the additives that are
infused in plastic can cause permanent harm to our metabolism. Chemicals
such as phthalates and BPA are widely used as an additive that prevents
degrading of plastic structure, but they also interfere with our natural
hormone levels which can cause serious problems to both males and
females (lower testosterone levels in men, and premature girl puberty).

Choking Hazard. Plastic is one of the most popular building
materials for small items. This is most evident in toy industry, where vast
majority of children toys is manufactured with plastic. These toys and
small plastic objects of many uses can easily get into children's hands
(especially babies and toddlers) that unknowingly put them in their mouth.
To prevent these serious accidents, governments have implemented
detailed set of rules which force manufacturers to clearly label their plastic
products and warn users of the possible chocking potential. Another
problematic plastic product that can cause serious injuries or death are
plastic bags (grocery or trash bags)who can sometimes end up wrapped
around children faces, disrupting their breathing.

http..//www.historyofplastic.com/plastic-facts/disadvantages-of-plastic/.

9. Read the text again and get ready with its summary.

10. Read the text and fill in the table with some important steps in
plastic recycling

When What Where

1972
1980s and 1990s
2008

61



Unit IV

History of Plastic Recycling

Plastic is one of the most popular building materials of modern human
culture, but its widespread use brought us many problems and caused
environmental dangers of unprecedented scale. Since its mass adoption in
the 1950s, discarded plastic products have filled landfills and contained
seas and earth with materials that will not break down for centuries and
centuries. To combat this problem, governments of many countries around
the world formed rules for recycling plastic, established industrial processes
for transforming discarded plastic into useful materials, and educated
communities to the benefits of recycling all around the world.

One of the largest recycling efforts of the 20" century happened of
course during wars when governments demanded of their people to donate
their unused metals, tires and even nylon, but the notion of recycling plastic
came only after the environmental revolutions of 1960s. During those years
people really started noticing the impact of plastic waste on environment, and
started laying groundwork for future recycling efforts. First plastic waste
recycling mill in the world was created in Conshohocken, Pennsylvania in
1972, marking the beginning for all future recycling plants. As years went
by, government programs and eco-friendly communities slowly started to
educate regular people into habit of recycling and forcing manufacturers to
start producing easier to recycle plastic. Their efforts came to life during
1980s and 1990s with the adoption of PETE and HDPE plastic, which were
designed with recycling in mind. These recyclable plastic products were
introduced by Plastic Bottle Institute of the Society of the Plastics Industry
and clearly marked on their containers by logo of triangle made of arrows.

The process of recycling plastic is not as simple as recycling paper,
glass and metals, because the greater number of steps involved for
extracting dyes, fillers and other additives that can be found in "virgin"
plastic. First step in their recycling is sorting by the type of resin that is in
their structure (seven basic types) and in some cases additionally sorted by
color. After that, plastic is chopped into small pieces, cleaned to remove
debris and small residue, melted down and compressed into pellets named
nurdles. These small pellets are then transported to plastic processing
plants where they are introduced into manufacturing process.

Because of the complicated recycling process and unwillingness of
people to properly dispose of their unwanted plastic, recycling rates of
plastic lag far behind of other items such as paper, glass and metal. In 2008
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only 6.5 % (2.2 million tons) of post-consumer plastic waste was recycled,

7.7 % (2.6 million tons) was burned for energy and 85.5 % (28.9 million

tons) went to landfills.
http.://www.historyofplastic.com/plastic-history/history-of-plastic-recycling/.

11. Read the text again and find English equivalents for the
following words and word combinations:

pacmpoCTpaHEeHHBIN; SKOJOTHYecKass yrpos3a; OeclpeneeHTHBIMI
MaciiTad; MOBCEMECTHOE HCMOJb30BAHUE; IUIACTUKOBOE W3JENue; Ipe-
UMYIIECTBa MEpepadOTKU; CIaBaTh/>KEPTBOBAaTh; BIHUSHUE TUIACTHKOBBIX
OTXOJIOB Ha OKPY’KAIOIIYIO cpeay; gadbpuka mo nepepaboTke MIaCTUKOBBIX
OTXOJI0B; TIACTMACCOBBIE U3MIEINIHSI, TPUTOJIHBIEC JII BTOPUYHOTO HCIOJIb-
30BaHUsI; IPOCTHIE CMEPTHBIE.

12. What do you know about plastic recycling in your city /
region? Try to find out if there are any plastic waste recycling plants in
your region. What can you do to improve the environmental situation in
your city / region?

13. Read the text to find out if plastics have any advantages.

Sustainability

Plastics help us to do more with less in many ways. Because they’re
durable, lightweight, and versatile, plastics can help reduce waste and
consume less energy. American Chemistry Council's (ACC) Plastics
Division supports sustainability initiatives that are conducted in accordance
with principles that conserve resources and minimize the environmental
and health impacts of plastics and plastic products.

Plastics Help Lower Energy Use and Greenhouse Gas Emissions. By
allowing manufacturers and consumers to do more with less, using plastics
can help reduce energy use and greenhouse gas emissions throughout the life
of a product or package. A recent European study found that replacing
plastics with other materials would require the use of 57 per cent more energy
and result in a 61 per cent increase in greenhouse gas emissions.

Efficient Packaging. Much of the packaging we use in the United
States is made from plastics. In addition to increasing the shelf life of foods
and beverages, plastics help reduce our environmental foot print by
lowering energy use and greenhouse gas emissions. A recent life cycle
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study found that replacing all plastic packaging in the United States with
alternatives would increase energy use by 80 per cent and greenhouse gas
emissions by 130 per cent.

Home Energy Savings: Adding It All Up. Many plastic building
products promote the efficient use of energy and other resources. A one-
year study found that the use of plastic building and construction materials
saved 467.2 trillion BTU of energy over alternative construction materials.
That's enough energy saved over the course of a year to meet the average
annual energy needs of 4.6 million U.S. households. From roofing, walls,
windows and more — architects and designers rely on plastics to help
maximize energy efficiency.

Lighter, More Fuel Efficient Vehicles. Reducing vehicle weight can
have a significant effect on fuel efficiency and emissions. For every 10-
percent weight reduction achieved, a vehicle's fuel economy can improve
by six to eight percent. Automotive components designed in plastic and
plastic-metal hybrids have achieved significant weight savings over some
conventional designs. Today's plastics typically make up 50 per cent of a
vehicle’s volume, but only 10 per cent of its weight. The growing use of
carbon fiber-reinforced plastics could one day improve fuel efficiency by
about 35 per cent.

https.//plastics.americanchemistry.com/Sustainability/.

14. Now you know at least a little about advantages and
disadvantages of plastic. What do you think of them? Discuss with your
groupmates.

15. Read the text. Then make a summary on the current role of
chemical engineering in solving environmental problems.

The Current Role of Chemical Engineering
in Solving Environmental Problems

Chemical Engineering (CE) has demonstrated to be a powerful tool to
have comprehensive solutions to a wide range of environmental problems.
Classical disciplines of CE have been extensively applied to typical and
emerging environmental technologies such as wastewater treatment,
anaerobic digestion, biofiltration, etc. Among them, it is important to
highlight these CE classical topics: chemical reactors design, kinetics,
simulation, control, modeling and especially, heat and mass balances.
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Through these CE fundamentals, a lot of environmental processes
have been described and designed. However, environmental science and
technology is evolving so fast that some processes still need a CE
approach.

In my opinion, waste biological treatment is the topic where more
CE approaches are needed. From composting, which is a robust and well
implemented technology, and where most of the decisions are based on
"rules of thumb" criteria, to solid-state fermentation, the new paradigm
of circular economy to convert wastes into new bioproducts, there are
only first approaches to use the CE paradigms.

Water and wastewater treatment are one or two steps forward.
Complex models are being presented and analyzed, and some of them
implemented at full-scale. Today, researchers are focusing these emerging
studies not on the treatment of these wastewaters, but on the recovery of
their compounds. A paradigmatic research trend is the recovery of
phosphorous, which has important and relevant advances. In this same
trend, the transformation of wastewater into bioplastics is another top
research line, although the behavior of these biodegradable plastics needs
further research.

Considering the three main pollutant sources, gaseous emissions
have been, without any doubt, the topic of many studies related to the use
of CE tools to provide reliable and consistent information about their
abatement and transformation. From chemical processes (scrubbers) to
more complex biological processes (biofiltration and biotrickling filters,
especially), researchers have an extensive collection of realistic studies to
treat and model this equipment. Microbiology has been easily incorporated
to these biological treatments, giving consistency to the models developed.

Another important emerging trend is the use of nanotechnology to
solve environmental problems. This multidisciplinary approach has a lot of
problems to be published: is this a nanotechnology or and environmental
paper? The answer to this question is: it is both. CE is, by definition, a
multidisciplinary approach to real problems.

After these brief considerations about the state-of-the-art of the three
main issues considered in environmental problems: liquid, gas and solid,
two main topics appear as major questions in deciding technologies for
environmental treatments and involving all the stakeholders (some of them
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are not familiar with the research field): Life Cycle Assessment (LCA)
and Circular Economy. Additionally, issues such as circular economy and
food-energy-water-waste nexus could be systematically analyzed using
LCA tools (both attributional and consequential).

LCA is a developed version of the typical CE mass and heat balances
of a technology or product (or even more than this, "from cradle to grave")
to define the environmental impacts that are often expressed as some
pollution categories. Being a powerful tool, and recommended for making
decisions, scientific papers such consider that this analysis, to be consistent
and reliable, need the use of realistic data. This is not what happens
sometimes, and it is the role of scientists to enlarge the databases of
environmental processes to have concluding results. An enormous field of
research is awaiting.

The second and most transversal is the relatively recent term of
"circular economy". It is somewhat surprising that practically everybody
understands what circular economy is about. This term (recent but previously
known with other names) 1s related to the need of closing cycles, especially
when dealing with energy and materials. Being a fashionable term, one
wonders if the composting and anaerobic digestion studies performed 30
years ago do not deserve to be considered circular economy.

In this framework, it is relatively easy to deduce the general areas
where CE principles can be used for the complete solution of
environmental problems:

(1) Apply CE consolidated paradigms: among them, mass and heat
balances should be the first ones.

(2) Multidisciplinary: most environmental problems do not have a
unique solution. Biological treatments do no discard the help of other
physico-chemical treatments.

(3) Do not think on disposal, think on recovery: a typical example of
this problem is the use of adsorption to "remove" pollutants from water.
And then, what? You have not removed anything, it is only a pollutant
transport.

(4) When possible, try to do an approximation using LCA principles.
If built with realistic data, it will give you clues about if your proposal is as
good as you think.

(5) When possible (and when not), estimate the economic viability
of your proposal.
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In summary, CE tools are a powerful tool to explain, interpret and
model environmental problems, from the mere technological point of view
to more complex LCA and circular economy analyses.

https://www.frontiersin.org/articles/10.3389/fceng.2019.00001/full.

16. Read the text again and find English equivalents for the
following words and word combinations:

MOIIHBIA WHCTPYMEHT; IHUPOKUM CIEKTP SKOJOTHUUECKUX MpoOIIeM;
MPUPOIOOXPAHHBIE TEXHOJIOTHH; MPOEKT XUMHYECKOTO PEAKTOPA; MOJEIH-
pPOBaHKE; TEIUIOBOM M MaTepUAJIbHBIN OanaHC; MpeoOpa3oBaTh OTXO/bI; BO-
JIOTIOJITOTOBKA M BOJIOOYMCTKA; IIAr BIIEpPE]; BOILIONMIATh B MOJHOM OOBe-
Me; BO30OHOBJICHUE COCIMHEHUMN; XPECTOMATUMHBIC HAMpPaBJICHUS HCCIIe-
JIOBaHUS;, 3HAYUMBIE yCTEeXH;, MOJO0OHBIM oOpa3zoM; Haasjexarias uHdop-
Mallusi; HalpaBJIE€HUE HCCIEAOBAHUM; MCTOYHUK 3arpsA3HEHUS; BHIOPOCHI
raza; Oorarasg KOJUIEKIMSI TPAKTUYECKUX MCCIENOBAHUM; (PUBHKO-
XUMHUUYECKUE CIOCOOBI OUUCTKH

17. Make a presentation on environmental problems related to
chemical engineering and their solving.

Vocabulary

1) abatement » COKpalllcHHE

2) additive » nobGaBka

3) adversely affect » OKasbIBaTh BPEIHOC BIIMSHHC
4) anaerobic digestion » aHa’poOHas 00paboTKa
5) as years went by » Croaamu

6) aspiration > 1elb

7) circular economy » 0e30TX0Hast PKOHOMHUKA
8) clog » 3acopsATh

9) combat this problem > cmpaButhcs ¢ IpoOIEMOi
10) comprehensive » paIuKaIbHOE peIeHue

solutions

11) consistency
12) decomposing
13) depletion

14) discarded

IMOCTOSIHCTBO, CTAOMJIBHOCTD
paspylieHue, pa3ioKeHne
HUCTOIICHHE
HUCIIOJb30BaHHbBIN

YV VYV
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15) dispose of

16) driving force behind
17) dumping

18) evolve

19) fertilizers

20) finite

21) immediate

22) implement

23) inception

24) indestructible

25) infuse

26) lag far behind

27) landfills

28) lay groundwork
29) malign effect

30) mark the beginning
31) mistake for

32) moldable

33) natural habitats
34) natural hormone levels
35) notion

36) nurdle

37) permeates

38) polymer compound
39) prevent from

40) robust

41) rules of thumb

42) saturate

43) set of rules
44) solid-state
fermentation

45) strewn around
46) sturdy

47) sustainability

BBIOPACHIBATD

JIBUTaTeJIb Yero-HUOY b

cOpoc (0TX0/10B)

Pa3BUBAThCS, SBOJIIOIIMOHUPOBATH

ya00peHus

KOHEYHBIN, UCUEPIIAEMBIN

MTHOBE€HHBIN, TPSAMOU

BBOJUTH B JIEUCTBUE, BHEAPUTH, MPETBO-

PUTH B KU3Hb

» BO3HUKHOBEHHUE

» HepaspylIaeMbIi

> BBOIUTH

» 3aMETHO OTCTaBaTh OT

» CcBajka

» 3aKyanbIBaTh PyHIaMEHT

» HETaTHBHOE, BPEIHOE BIIMSHHE

» TIOJIOKUTH HA4YaJI0

» OImMO0YHO MPUHUMATH 32

TUIACTUYHBIN

€CTECTBEHHAs cpe/la OOUTAHUS

€CTECTBEHHBI TOPMOHAJIBHBIN YPOBEHb

HaMepeHue

IUTACTUKOBas rpaHyJia

IPE0/10JIeBaTh, IPOXOJAUTH CKBO3b

MOJIMMEPHAST KOMITO3UIIUS

» JIMIIAaTh BO3MOXKHOCTH, MEIIaTh

» pasyMHBIH, QyHKIIHOHATHHBINA

» TPOBEPEHHOE MPABUIIO, MPAKTHIECKOE
MpaBUIIO

» 3aMoJHUTH

» CBOJ MPABWJI, MHCTPYKITUS

» TBepaodazHas GpepmeHTaIUsg

YVVYVVVYVY

YVVVVYVVYY

» pa30pocCaHHBIN
» TPOYHBIN
» SKOJIOTUYHOCTb, Pa3yMHOE UCIIOJIb30BAHNE

pecypcoB
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48)
49)
50)
51)

transversal
troublesome
waste

waste biological

treatment

52)
53)
54)
55)
56)
57)
58)
59)
60)
61)

62)

wastewater treatment
waterways

well publicised
witness

scrubbers

biotrickling filter
consistency

Life Cycle Assessment
nexus

environmental impact

economic viability

» CKBO3HOM

» TPUYUHSIONTUI Maccy OeCTIOKOWCTBA
» OTXOJIbl TPOU3BOJICTBA, CTOUYHBIE BOBI
» Omonornyeckas 00paboTKa OTXO0B

» OYHCTKa CTOYHBIX BOJI

> BOJIOEM

» TIOJYYHMBIITHHI IIHPOKYIO OTJIACKY

» OBITh BPEMEHEM COBEPIIICHHUS YET0-JIN00
» OUYHCTHTEIb

» OnopuIbTp

» CTaOMIIBHOCTH

> OIICHKA XU3HEHHOIO I[UKJIa

» CBS3b, 1IENb

» He0JaronpHusaTHOE BO3ICHCTBHE

Ha OKpPYXKaroUlyo cpeny
» SKoHoMHuYeckass 3(P(HEKTUBHOCTh, pEHTa-
OeJIbHOCTh
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PROFESSIONAL ETHICS. PROFESSIONAL COMPETENCIES

1. What do you think ethics is? Do you think ethics is necessary in
any professional field?

2. Read and discuss.

1. Is ethics given any attention at universities and in companies?
What does it result in according to the author?

2. What does engineering ethics combine?

3. Are serious incidents always caused by technical problems?

4. What presents potential ethical dilemmas now?

5. How is ethics best taught and learnt?

How to Think about Ethics

Ethics is referenced in many engineering curricula, yet few universities
require chemical engineering students to attend a formal ethics course. And
although ethics underpins consistent achievement of safety, environmental,
and business outcomes, many corporate training classes mention the subject
only briefly. We continue to see failures, workplace deaths, and product-
related deaths and injuries, and hear of large firms being fined or prosecuted
for not self-reporting safety or environmental issues.

"Ethics" is defined by the Oxford Dictionary as "the moral principles
that govern a person's or a group's behavior". Good ethics could also be
described as the appropriate execution of an engineer's professional
responsibility. Harris et al describe engineering ethics as an amalgam of
complex concepts: professionalism, standards, risk management, liability,
competence, truth, societal protection, trust, reliability, honesty,
cost/benefit, attitude, organisation, obligation, whistleblowing, regulation,
and the law. Ethics is sometimes clearly black and white and easy to
understand; often, though, ethics comes in many shades of gray.

What kinds of chemical engineering mistakes might result in
fatalities? An incorrect calculation or an unrealistic assumption? Could you
lose your job over using the wrong safety factor in a design? Perhaps.
However, the underlying causes of many serious incidents are not
technical, and may have little or nothing to do with technology. For
example:
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— You do what your boss tells you to do, even if it is against your
better engineering judgment.

— You tell your boss about a condition that could be dangerous
under certain conditions, and when your boss says everything is fine, you
remain silent and do not revisit the subject.

— You act contrary to a legal hold order and destroy evidence
related to pending litigation, because you are afraid that you will lose
your job, or worse yet be prosecuted for something you have written.

The underlying issues often involve conflicts that arise in the execution
of engineering work; money and time are often at the root of the conflict.
Serious incidents are frequently the result of ignoring common sense.

As the profession continues to expand, many chemical engineers are
in areas of practice where the rules are not always clearly laid out and the
lines are not always bright. New fields and new research areas, such as
nanotechnology, structural biology, genetics, and tissue engineering, are
exciting and full of promise. However, they present potential ethical
dilemmas for which we not only do not have answers, but we do not even
know the questions.

The i1ssues around ethics can sometimes be double-sided — you can
be "damned if you do and damned if you don’t". These situations require
you to search deep within yourself to decide on the best path, as there may
be no good way out. The secret 1s to not land in this position in the first
place. That avoidance takes clear thinking, good analysis, and
forethought. ... You will not become an expert in ethics by reading this
article, but 1t will help you become better prepared. Since each situation is
unique, ethics is best taught through case studies.

https.//www.researchgate.net/publication/312158637 How to Think About
Ethics The Chemical Engineer UK Institution of Chemical Engineers
November 2017 pp 44-53.

3. Read the text and say why chemical engineering ethics is so
important nowadays?

The Impact of Chemical Engineering
Chemical engineering creatively combines the three basic physical
sciences — chemistry, physics, and biology — along with mathematics to
address the world's needs by creating new technology and solving
problems in existing technology. The use of all three basic sciences and
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mathematics makes chemical engineering extremely versatile, since
nearly all physical phenomena can be described by the combination of
these four sciences. Because of this versatility, chemical engineers make
valuable contributions in a very broad spectrum of fields from food
processing to semiconductor fabrication and from energy production to
artificial organ development.

The American Institute of Chemical Engineers (AIChE) has
suggested the following definition: [Chemical engineers] use science and
mathematics, especially chemistry, biochemistry, applied mathematics and
engineering principles, to take laboratory or conceptual ideas and turn
them into value added products in a cost effective, safe (including
environmental) and cutting edge process. From the development of
smaller, faster computer chips to innovations in recycling, treating disease,
cleaning water, and generating energy, the processes and products that
chemical engineers have helped create touch every aspect of our lives.
Chemical engineers discover, develop, and implement creative solutions to
the world's problems and new ways to benefit humankind.

engineering
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4. Read the text again and find English equivalents for the
following words and word combinations:

OCHOBOIIOJIATalOINe €CTECTBEHHBIE HAYKH; HapsAy C; CO37AaBaTh HO-
BYIO TE€XHOJIOTHIO; pelaTh MpoOJeMbl CYIIECTBYIOIIEH TeXHOIOruu; (u-
3MYECKUE SIBJICHHS; BHOCUTD IICHHBIN BKJIAJ B; IIUPOKUM CIIeKTp cep aes-
TEJLHOCTH; THUIIEBasi MPOMBIIICHHOCTh, M3TOTOBJECHUE TMOJIYIIPOBOIHH-
KOB; BBIpA0OTKa DJICKTPOIHEPTHH; pa3pabOTKa HCKYCTBEHHOTO OpraHa;
KOHIIENITyalbHas UJes; MPOAYKT C BBICOKOW J00aBJIEHHON CTOMMOCTBIO;
TIepeI0BOM MPOIIECC; TPUHOCUTD MOIB3Y YEIOBEUECTRY.

5. Read and discuss AIChE Code of Ethics. Answer the questions
that follow.

Ethical Considerations in Solving Problems

Each of the major engineering societies expresses its commitment to
ethical standards in the form of an ethical code. Among those societies is
the American Institute of Chemical Engineers (AIChE), which has the
adopted the following code:

AIChE Code of Ethics
Board Approved November 2015

The Board of Directors of the American Institute of Chemical
Engineers adopted this Code of Ethics to which it expects that the
professional conduct of its members shall conform, and to which every
applicant attests by signing his or her membership application. Members
of the American Institute of Chemical Engineers shall uphold and advance
the integrity, honor and dignity of the engineering profession by: being
honest and impartial and serving with fidelity their employers, their
clients, and the public; striving to increase the competence and prestige of
the engineering profession; and using their knowledge and skill for the
enhancement of human welfare. To achieve these goals members shall:

1. Hold paramount the safety, health and welfare of the public and
protect the environment in performance of their professional duties.

2. Formally advise their employers or clients (and consider further
disclosure, if warranted) if they perceive that a consequence of their
duties will adversely affect the present or future health or safety of their
colleagues or the public.

3. Accept responsibility for their actions, seek and heed critical
review of their work and offer objective criticism of the work of others.
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4. Issue statements or present information only in an objective
and truthful manner.

5. Act in professional matters for each employer or client as
faithful agents or trustees, avoiding conflicts of interest and never
breaching confidentiality.

6. Treat all colleagues and co-workers fairly and respectfully,
recognizing their unique contributions and capabilities by fostering an
environment of equity, diversity and inclusion.

7. Perform professional services only in areas of their competence.

8. Build their professional reputations on the merits of their
Services.

9. Continue their professional development throughout their
careers, and provide opportunities for the professional development of
those under their supervision.

10. Never tolerate harassment.

11. Conduct themselves in a fair, honorable and respectful manner.

It is clear from this code that, in all plans and considerations
associated with solving problems, chemical engineers have the
responsibility to promote safety, to protect the environment, to treat others
with respect and fairness, and to act ethically. These responsibilities are
borne by each individual engineer and by companies (which are, after all,
just collections of people).

Safety. Every company must be concerned about the safety of its own
employees and of the public affected by its operations. This responsibility
stems primarily from concern about people, but safety lapses can also
expose a company to substantial financial liabilities, including lost
productivity. Thus, many companies maintain a strong culture of safety for
their employees, supported by frequent training sessions, posted reminders
throughout their facilities, associated rewards and punishments, and an
attempt to encourage honest employee feedback from personnel at all
company levels. In addition, engineering companies must be vigilant in
protecting the community surrounding its operation and protecting the
customers using its products. Thus, all reasonable practices should be
consistently implemented to promote the safety of these groups of people,
and any potential safety risks should be promptly reported to supervisors
who can take steps to reduce those dangers.
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Protecting the Environment. Chemical engineers have an important
responsibility to protect the environment. This is particularly true today
with our increasing world population and its greater use of technology.
Local and global environmental issues have the potential to impact the
very viability of our way of life. The needs of developing countries are
particularly critical, since we cannot afford for them to pass through the
same pollution-intensive pathways once followed by the world's most
developed nations. Chemical engineers have the skills and experience
needed to address today's pressing problems and to make possible a better
tomorrow.

Avoiding Harassment. All professionals, including chemical
engineers, are morally obligated to treat their associates with respect,
independent of race, gender, and lifestyle. That respect should be manifest
in all interpersonal interactions. In addition, all decisions pertaining to
advancement, salary, and other recognition should be fair and based on
professional performance, again without regard to race, gender, and
lifestyle. In addition, chemical engineers should be prepared to defend the
rights and fair treatment of their colleagues.

Ethical Practice. Observing the AIChE Code of Ethics summarized
above requires that individual professionals and companies are truthful and
responsible in all aspects of their professional service. While most
engineers and companies uphold their ethical responsibilities, there have
been notable exceptions. The line between ethical and unethical behavior is
sometimes blurred, and decisions can be quite difficult, especially under
the influence of pressure by management to take a particular path. Each
engineer has the responsibility to aggressively pursue an ethical path and to
help others to do the same. The consequences of unethical behavior can be
disastrous personally and collectively, while the consequence of ethical
choices (even hard ones) ultimately is a clear conscience. You should make
the decision now to always practice your profession in an ethical manner.

https://kupdf.net/download/introduction-to-chemical-engineering-
tools-for-today-and-tomorrow 5af6afb2e2b6f5ad671d83d9 pdf.

1. Do you agree to all the points of the Code? Which of them do you

agree? Why? Why not?
2. Have you ever heard of such a code of ethics in Russia?
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3. Is it important for companies to have a written code of ethics?
Why?

4. Is it more important for some companies / industries than others
to have a code of ethics?

6. Read the text and say if the skills mentioned in the text are
related to code of ethics in this or that way.
Ten Skills Chemical Engineers Should Be Talking about
Within our profession it is
k& / - easy to find lists of the skills
» ’ & ) M : chemical engineers ‘should’
L By | ! | have: we are solution focused;
F F B F o ) we are good with numbers; we
25 A e are practical.

However, none of these skills sound very exciting.

Interestingly, it is the °‘skills’ which we aren't so good at and
stereotypical engineering ‘memes’ which, arguably, we are more famous for.

I think we need to set the record straight and create an image of our
skills which better reflects what we do in the twenty-first century.

Even our employers have a role — they are the ones with the power to
present a picture of the modern engineer through their job specifications
and approach to recruitment advertising.

So, here it is — a list of ten skills and values I know chemical
engineers (and other scientists and engineers) have that we should be
shouting about.

1. Creative. 1t is easy to present engineers and scientists as a bit
‘dull’ and ‘geeky’. This is perhaps the biggest misconception of them all.
However, if engineers and scientists were not creative there would be no
new inventions, products or discoveries. Creativity is in everything that
chemical engineers do.

2. Problem solvers. Being able to solve problems should be the most
highly sought skill in the world and it is something that chemical engineers
have to do every day. The ability to identify problems itself is an important
skill, but chemical engineers have been trained to have the know-how to
evaluate the possible options and then implement the best solution.

3. Team players. No one works alone. In the past scientific
breakthroughs were often delivered by one researcher, however I challenge
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you to find a recently published journal article (that is not a review piece)
with only one author. They are extremely rare. This is the case in all lines
of work; we must work with others to achieve our outcomes. Chemical
engineers are specialists at doing so; we often work with large teams of
people both within and outside of our field.

4. Life-long learners. Being a chemical engineer (or scientist)
involves a life-long quest of learning. In this profession we constantly learn
new ideas and try to better ourselves by completing new courses and
further education. As a measure of this ability to learn IChemE offers
chartership to those chemical engineers who strive to better themselves,
chemical engineers never stop learning.

5. Organised. Many people think being organised is dull, but without
this skill nothing gets done. The ability to organise work (for example by
using a list like this one!) helps chemical engineers to work more
efficiently and prioritise what needs to be done. Being organised makes
everything run more economically.

6. Inquisitive. Being able to ask questions is important. But being
able to ask the right questions is a huge asset. Engineers and scientists are
analysts at heart; we work by constantly reviewing and analysing our work
allowing us to highlight the gaps and identify what needs to change.

Being an expert isn't about knowing all the answers, but instead
being able to ask the right questions and then using your skills to work out
the answers.

7. Computer savvy. Our increasing reliance on the digital world
means that to succeed we all need to be aware of the latest technology.
Computing is an important part of chemical engineering and all chemical
engineers are trained to be numerate, IT literate and develop new
technologies.

8. Leaders. Chemical engineers are trained to make important
decisions; this makes us ideally placed to become good leaders. Many
chemical engineers go on to have successful careers in the boardroom (find
a list of them here). Being a good leader isn't about being the loudest or
about knowing all the answers, but is reliant on your ability to work with
others, being confident of your own abilities and having a sense of humour
and positive attitude (when things go right or wrong!).

9. Detail orientated. Paying attention to the details is crucial to be a
successful chemical engineer. A good example of this is process safety, as
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chemical engineers we are responsible to ensure that accidents do not
happen, failure is not acceptable as discussed in my blog ‘when 99.9 per
cent just isn’t good enough’. Being detail orientated means that chemical
engineers are able to focus on the smaller issues without losing sight of the
bigger picture.

10. Calm under pressure. Sadly most of the news coverage of
chemical engineers in the mainstream media comes from when we are
called in to fix something that has gone wrong (e.g. deep water horizon).
But this just demonstrates perhaps the most important skill of a chemical
engineer, we are calm under pressure.

When someone needs to fix the world's problems they should be
calling up the chemical engineers!

In the UK an estimated 32.6 per cent of chemical engineering
graduates go on to work in a different profession. However, when you look
at a list of skills like this it points out what a valuable commodity chemical
engineers are and that chemical engineering attracts such high calibre
students that they are actively recruited by other professions.

And let’s not forget communication... 1 didn't put communication
into my top ten because it is one of the main themes for my presidential
year. It's an area we need to get much better at.

Chemical engineers can be great communicators, but we often focus
on the other areas which we considered more important. But it is a waste of
all our good work if we don't communicate it.

As we strive to achieve excellence in chemical engineering, we
should be telling everyone about our progress and achievements.

https://ichemeblog.org/2014/09/18/ten-skills-chemical-engineers-
should-be-talking-about-day-114/.

7. Read the text again and put the ten skills in the order of their
importance from 1 being the most important. Can you add any other
skills to the list? Discuss with your partner.

8. There is another opinion on skills required for chemical
engineers. Read and compare with the previous list of skills. Do they

have anything in common? How do they differ?
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What Skills are Required for Chemical Engineers?

Science. Using scientific rules and methods to solve problems.

Critical Thinking. Using logic and reasoning to identify the strengths
and weaknesses of alternative solutions, conclusions or approaches to
problems.

Complex Problem Solving. Identifying complex problems and
reviewing related information to develop and evaluate options and
implement solutions.

Judgment and Decision Making. Considering the relative costs and
benefits of potential actions to choose the most appropriate one.

Systems Analysis. Determining how a system should work and how
changes in conditions, operations, and the environment will affect
outcomes.

Mathematics. Using mathematics to solve problems.

Reading Comprehension. Understanding written sentences and
paragraphs in work related documents.

Active Learning. Understanding the implications of new information
for both current and future problem-solving and decision-making.

Systems Evaluation. Identifying measures or indicators of system
performance and the actions needed to improve or correct performance,
relative to the goals of the system.

Speaking. Talking to others to convey information effectively.

Operations Analysis. Analyzing needs and product requirements to
create a design.

Active Listening. Giving full attention to what other people are
saying, taking time to understand the points being made, asking questions
as appropriate, and not interrupting at inappropriate times.

Writing. Communicating effectively in writing as appropriate for the
needs of the audience.

Monitoring. Monitoring/Assessing performance of yourself, other
individuals, or organizations to make improvements or take corrective
action.

Time Management. Managing one's own time and the time of others.

Troubleshooting. Determining causes of operating errors and
deciding what to do about it.

Operation Monitoring. Watching gauges, dials, or other indicators to
make sure a machine is working properly.

79



Unit vV

Coordination. Adjusting actions in relation to others' actions.

Persuasion. Persuading others to change their minds or behavior.

Social Perceptiveness. Being aware of others' reactions and
understanding why they react as they do.

Instructing. Teaching others how to do something.

Learning Strategies. Selecting and wusing training/instructional
methods and procedures appropriate for the situation when learning or
teaching new things.

Management of Personnel Resources. Motivating, developing, and
directing people as they work, identifying the best people for the job.

Quality Control Analysis. Conducting tests and inspections of
products, services, or processes to evaluate quality or performance.

Technology Design. Generating or adapting equipment and technology
to serve user needs.

Negotiation. Bringing others together and trying to reconcile
differences.

Service Orientation. Actively looking for ways to help people.

Management of Financial Resources. Determining how money will
be spent to get the work done, and accounting for these expenditures.

Management of Material Resources. Obtaining and seeing to the
appropriate use of equipment, facilities, and materials needed to do certain
work.

https://www.mymajors.com/career/chemical-engineer/skills/.

9. Make a presentation on chemical engineers skills.
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Vocabulary
1) accept responsibility » OpaTb Ha ce0s1 OTBETCTBEHHOCTD
2) act in professional matters > paeicTBOBaTh B MpoheCCHOHATBHBIX
» BOIIpocax
3) address the world's needs > ciyXuUTh HHTEpECaM YEIIOBEUSCTBA
4) adversely affect » HETaTHBHO OTPa3WThCS Ha
5) amalgam » CMECh, CIUIaB, COCIMHCHHE
6) attest to » TOATBEPXKAaTh, CBHACTCIHCTBOBATh
7) avoid conflicts of interest ~ » wu30eraTh KOHGINKTa UHTEPECOB
8) blurred » PpacCIUIBIBYATHIA, HEUETKHM
9) breach confidentiality » HapyumaTh KOH(QUIECHIINAIbHOCTh
10) code of ethics, ethical code » MopanbHBIN KOJAEKC
11) commitment to > TIPUBEPKEHHOCTH UJIEe
12) common sense » 3JIpaBblil CMBIC
13) conform » COOTBETCTBOBATh
14) consequence > TIOCJIEIICTBUE
15) critical review » KPUTHYCCKUN aHaIU3
16) dignity » JIOCTOMHCTBO
17) disclosure » coob1raemas nHGOpMaITUs
18) diversity and inclusion » JUYHOCTHOE MHOTO00Opaswe U y4ér

19) enhancement of human
welfare

20) etal.

21) extremely versatile

22) failure

23) faithful

24) financial liabilities
25) forethought

26) foster

27) full of promise
28) harassment

29) impartial

30) integrity

31) issue statements

WHIUBUTyaTbHBIX OCOOCHHOCTEN

» TIOBBIIICHUE 0JIArOCOCTOSTHUS
YeJI0BeUeCTBa

> uap.

»  HCKJIIOYUTEIHHO Pa3sHOCTOPOHHUHN
» BBIXOJ M3 CTPOS, OTKa3 B paboTe
»  3aCIy’KUBAIOUTUN JOBEPHS,
HaJIeKHBIHN

» (uHAHCOBBIE 00s3aTEILCTBA

» TPOAYMaHHOCTb, 3a0JIarOBPEMEHHBIN
aHaIM3

IOJIJICPKUBATH
MHOTOO0OEIIAFOIIIMI

OCKOpOJIcHNE, TPUTCCHECHUE
OecTpHuCTpaCTHBIN
npodeccCHoHAIbHAS dTHKA
ohHUIIHAITBFHO COOOIIATh

YVVVYVYYYVY
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32)
33)
34)
35)
36)
37)
38)

39)
40)
41)

42)
43)

44)
45)
46)
47)
48)
49)
50)
51)
52)
53)
54)

liability

membership application

merits

objective criticism
obligation
paramount
pending litigation

perceive
pertaining to
prosecute

reference
safety laps

seek and heed
serve with fidelity
stem from

strive

tissue engineering
underpin

uphold

viability

vigilant
warranted
whistleblowing

YVVVVVYY

OTBETCTBEHHOCTH
3asiBJICHUE / 3asiBKAa HA y4acTUe
3aCJIyTH, MOKa3aTeln
00BbEKTUBHASA KPUTHKA

JI0JIT, 00S13aHHOCTh
IIEPBOCTEIICHHBIN, BaXKHEUIITUN
TEKyIIue CyneOHbIe

pa3z0OupaTenbCTBa

>
>
>

0CO3HAaBaTh
CBSI3aHHBIU C
Ipecie0BaTh B CyI6OHOM TOPSIIKE,

NpCaAbABIIATE UCK

>
>

CCBUIATHCSI, PACCMATPUBATh
obecrnieueHre 0€30MacHOCTH padoT,

TEXHHUKA 0€30IMaCHOCTH

YVVVYVVYVVYVYVYYVY

IIPOCUTH U 00paIaTh BHUMAHUE
paboTaTh 1OOPOCOBECTHO
UCXOJIUTh, TPOUCTEKATH
CTPEMUTBCS

TKaHEeBas WHKEHEPUS

JIeKaTh B OCHOBE

COXPAaHSITh, MOICP)KUBATH
3(PEKTUBHOCTD, IEIECO00PA3ZHOCTH
OJTUTENbHBIA

000CHOBaHHBIN

MOJINTUKA KOPTIOPATUBHOTO

uH()OpPMUPOBAHUS
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Unit VI
CAREER OPPORTUNITIES

1. Discuss with your groupmated advantages and disadvantages of
your future career. Try to prove your opinion.

1. Do you think that profession of engineer is prestigious nowadays?

2. Is this profession much wanted?

3. Is it difficult to find a good job in the field of chemical
engineering?

4. TIs there a shortage of good quality graduate engineers in our city?
Are chemical engineers well paid?
Is this career more suitable for men or women?
Does this profession require much time or efforts for education?
Does it require any special traits of character?

9. Does the career of engineer in the field of medical equipment
require permanent self-education?

o=

2. Read and fill in the table to support you in introducing your
future career in more or less detailed way.

Chemical 1S

engineering turns

combines

Reasons to study know-how

soft skills

job opportunities

Study course is made up of

includes

changes

Graduates have a focus in

Chemical engineers | turn ideas into practical
devices to

use

build & operate

research and develop,
design & control

Chemical engineers | can work in
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What is Chemical Engineering?

Chemical engineering is the design, development, production,
transformation, transportion, operation and management of the industrial
processes that turn raw materials into valuable products. It is a multi-
disciplinary branch of engineering that combines natural and experimental
sciences (such as chemistry and physics), along with life sciences (such as
biology, microbiology and biochemistry) plus mathematics and economics.

Three Reasons to Study Chemical Engineering

Chemical engineers have the knowledge to save the world: chemical
engineers develop products making life easier and better for others. The
products you will develop as a chemical engineer are part of everyday life,
e.g. pharmaceuticals, fuels, plastics and vehicles. You can even help
decrease starvation, diseases and poverty with your products.

Development of soft skills: the work of chemical engineers is
challenging and covers a rather comprehensive body of knowledge. You
will be trained to think logically, creatively and in an innovative way as
well as to communicate and work well with others to solve problems.

Good job opportunites: because of their expertise in developing
products commercially, e.g. by reducing costs and the time required to
finalise processes, chemical engineers can generally expect high salaries
when entering the labour market.

How to Study Chemical Engineering?

Courses in chemical engineering are made up of lectures, tutorials,
seminars, computer practice sessions, practical laboratory work and both
individual and group work. Site visits and classes by industry professionals
may also form part of the course. Many courses include work placements and
a year in industry to equip graduates for tools to succeed in the industry.

Because chemical engineering is a developing study subject, the
curriculum changes and adapts with it.

What Kind of Job Can I Get by Studying Chemical Engineering?
Graduates with a degree in chemical engineering typically have a focus
in one of the two sub-areas, but will need both to successfully do their jobs.

What do Chemical Engineers Do?
Chemical or process engineers turn great ideas discovered in
laboratories into practical devices and processes that:
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« 1mprove our quality of life;

« protect the environment;

« ensure products and services we purchase are cheaper and of
better quality;

. that industry increases competitiveness, thereby protecting and
creating jobs and wealth for communities.

Chemical engineers do this using a combination of biology,
biochemistry and/or chemistry with math (as well as a bit of economics
and finance) to predict how these ideas will work on a larger-scale outside
the laboratory in the real world, and then building and operating the
equipment needed to bring these ideas to life. For example, chemical
engineers have helped do this by performing "research and development"
or by "design and operation" of processes that:

« manufacture pharmaceuticals, making them cheaper and safe for
people to use;

« refine oil into petrol, keeping petrol prices low and improving
petrol quality so it doesn't pollute the air;

« generate electricity in the most efficient fashion to preserve our
natural resources and protect the environment;

« create renewable fuels and energy sources to replace coal, petrol
and gas;

« produce safe drinking water from rivers, groundwater or the sea
for city, rural and remote aboriginal communities;

. safely treat toxic hazardous industrial wastes so their disposal
does not harm the environment;

« help the wine industry make premium wines for export more
consistently and at lower cost;

« 1mprove mining techniques, so they minimise environmental
damage and cost less.

Chemical engineering 1s very "multi-disciplinary": its principles are
widely applied to a diverse range of everyday things that people do, and in
almost every product and service we use. In fact almost everything that
you see and touch around you has, at one time or another, been created by
a process invented, designed and/or operated by a chemical engineer.

Chemical engineers have the opportunity to enjoy a diverse career,
and there are a range of different jobs from which to choose. You can work
in a laboratory, in an office, in the outdoors or on an industrial plant, or
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combination of all of these in the one job. Some industries and careers that
chemical engineers are involved in include:

« biotechnology & pharmaceutical industries;

« wine-making;

« food production (e.g. beer, milk, cheese);

o petrochemicals (e.g. gold, rare earths, oil refining, natural gas,
plastics);

« industrial chemicals (e.g. detergents & soaps, chlorine, explosives);

« mining and minerals processing (e.g. iron ore, steel manufacture,
aluminium);

« environmental engineering (i.e. air pollution control, water and
waste-water treatment, waste disposal, resource management);

« semi-conductors & microelectronics (many chemical engineers
work in these areas);

« nanotechnology (an emerging scientific area utilising very small
particles for diverse applications);

« management consulting (i.e. engineering business and financial
management).

Many chemical engineers go on to manage companies, or even start
their own business.

https://chemeng.adelaide.edu.au/programs/chemical/about/.

3. Make a summary of the text of ex. 2. Get ready for the
presentation.

4. Read the text and answer the questions that follow.

Nature of Work

Chemical engineers work in manufacturing, pharmaceuticals,
healthcare, design and construction, pulp and paper, petrochemicals, food
processing, specialty chemicals, polymers, biotechnology, and
environmental health and safety industries, among others.

It 1s the smallest of the four major engineering disciplines (the others
in order of size are electrical, mechanical and civil). Because chemical
engineers are rigorously trained in not only chemistry but also physics,
mathematical and other physical and natural sciences, such as biology or
geology, they are among the most versatile of all engineers, with many
specialties and job roles and employed by many different industries. The
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largest share of chemical engineers, however, is involved in manufacturing
industries, transforming raw materials into desired products.

Chemical engineers rely on their knowledge of mathematics and
science, particularly chemistry to overcome technical problems safely and
economically. They use and apply their engineering knowledge to solve
any technical challenges they may encounter. Their expertise is also
applied in the areas of law, education, publishing, finance and medicine, as
well as in many other fields that require technical training.

Chemical engineers also construct the synthetic fibers that make our
clothes more comfortable and water-resistant. They develop methods for
mass-producing drugs, making them more affordable, and they create
safer, more efficient methods of refining petroleum products, making
energy and chemical sources more productive and cost effective. Chemical
engineers also develop solutions to environmental problems, such as
pollution control and remediation.

Chemical engineers face many of the same challenges that other
professionals face, and they meet these challenges by applying their
technical knowledge, communication and teamwork and hard work.
Chemical engineers are employed in many industries, representing a
diverse range of products, employers, and services. Chemical engineers
affect or control, at some stage, the materials of production of almost every
article manufactured on an industrial scale.

Associations. Chemical Engineers are represented in the US by the
AIChE, which has over 70,000 members, and was founded in 1908. The
American Institute of Chemical Engineers (AIChE) is a nonprofit
organization providing leadership to the chemical engineering profession.
Representing 58,000 members in industry, academia, and government,
AIChE provides forums to advance the theory and practice of the profession,
upholds high professional standards and ethics, and supports excellence in
education. Institute members range from undergraduate students to entry-
level engineers, to chief executive officers of major corporations.

In other countries, chemical engineers are represented by national
organizations, such as the Canadian Society for Chemical Engineers and
the Institution of Chemical Engineers in Britain.

Requirements and Education. A bachelor's degree in chemical
engineering is generally considered the minimum educational requirement for
entering the field. For some jobs a master's or Ph. D. is necessary, especially
for positions in research, teaching, and administration. The proportion of
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chemical engineers who have their master's and doctorate degrees, has been
much higher over the years than electrical, civil or mechanical engineers.

High school students interested in chemical engineering should take
math and science courses offered by their schools. Computer science classes
are also recommended. For college students, a chemical engineering program
approved by the Accreditation Board for Engineering and Technology and
the American Institute of Chemical Engineers is required. There are about
145 accredited undergraduate programs in chemical engineering in the US,
offering bachelor's degrees. Some engineering programs last five or six years,
and often include work experience at nearby industries.

A typical engineering curriculum includes basic sciences (advanced
mathematics, physics, chemistry, and some life sciences) and engineering
sciences. Necessary communications courses include English, speech,
technical writing, computer languages, and both manual and computer-
generated graphics. Students can major in chemical engineering with a
specialty in a specific area, such as biomedical engineering.

Chemical engineers must be licensed in order to work for the public
sector. All fifty states and Washington D. C. have specific licensing
requirements, which include graduation from an accredited engineering
program, passing a written exam, and having at least four years of
engineering experience. About one-third of all chemical engineers are
licensed. Those who are not are called registered engineers.

Important personal qualities for the chemical engineer are accuracy,
objectivity, and perseverance. Chemical engineers should be inquisitive,
open-minded, creative, and flexible, with problem-solving ability. To be
competitive in the job market, a master of chemistry, a variety of science
knowledge, and computer literacy, are essential. Practical experience
gained through research projects, part-time, or co-op work, while not a
requirement, are a big advantage in setting one away from the competition.

http://coolreferat.com/Chemical Engineering Essay Research Paper
Chemical EngineeringScopeChemical.

1. Where do chemical engineers work?

2. Why are chemical engineers among the most versatile of all
engineers?

3. What helps chemical engineers overcome technical problems
safely and economically?
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Where is their knowledge and expertise applied?
What can chemical engineers do?
How do chemical engineers meet the challenges?
Where are chemical engineers employed?
What chemical engineers' associations are mentioned in the
text? Are there any in Russia?
9. What education is required to work in chemical engineering?

10. What subjects do typically students study to enter chemical
engineering field?

11. Do graduates have to be licensed? What about Russia?

12. What personal qualities are important for a chemical engineer?
What else should be characteristic for a chemical engineer?

0NN A

5. Get ready to speak on your future career.

6. Job application is often followed by an interview. Read about
some interesting question you could come across. How would you answer
these questions?

Top Interview Questions Big Companies Ask

Cracking some of these questions will make you feel as proud as a
peacock!

If you are one of those people, who like to stay updated with all the
latest advancements in technical companies, learning about some
interesting and hard job interview questions that these companies ask their
candidates can be quite interesting.

There 1s always something special about the Fortune 500 Companies
where everyone wants to go and work. They are known for their tough job
interviews that make candidates think out of the box.

1. Tesla. Interview Questions in Tesla.

"You are standing on the surface of the Earth. You walk one mile
south, one mile west, and one mile north. You end up exactly where you
started. Where are you? "

This 1s one of the favorite questions posed by Elon Musk in interviews
as stated in his biography, Tesla, SpaceX, and the Quest for a Fantastic
Future. He likes to ask this question to test the intelligence of the candidate
he’s interviewing.

So, if you are aiming to get selected by a company like Tesla, you
will need to be prepared to prove your wit and acumen by thinking of a
creative answer to this question.
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Tesla 1s a great company to work with so even if they ask a few
tough job interview questions, tackling them would take you a long way.

"Describe how you would change the culture of the company".

This 1s another interesting question that candidates are asked when
they go for an interview at Tesla. This question aims at testing the ability
of an individual to use their technical expertise in bringing about a change
within their organization.

It also tests how candidates can mix their technical and soft skills to
come up with a solution. Hence, to qualify in a Tesla interview, candidates
need to be quick-witted and open in their approach towards problem-solving.

Only then, they can come up with answers that will impress the
interviewers. Getting through the hard job interview of Tesla is not easy,
but once you do it, you will be proud!

2. Microsoft. Interview Questions Asked at Microsoft.

"What did you think about Microsoft's decision to launch Office
products on the iPhone?" — Senior Business Planner candidate.

This question was asked to a Senior Business Planner candidate to
assess 1if the applicant will be open about expanding the business to a
competitor’s domain. Therefore, when you go for a job interview at
Microsoft, you must be prepared to take on such questions.

Moreover, it would be a good idea to read about the company’s
business expansion policies over the last decade to be sure that you can
tackle their tough job interview questions with full understanding and ease.

"Why are manholes round?" — Software Development Engineer
candidate.

With this question it can be seen that Microsoft asks a question to
candidates to see how they apply their theoretical knowledge in practical
situations. In order to work and be successful in a company like Microsoft,
candidates need to be street smart along with being book smart.

Missing out on one aspect might make it difficult for them to deal
with the challenges that are posed to them on a daily basis.

3. Apple. Interview Questions Apple.

"Describe an interesting problem and how you solved it". — Software
Engineering candidate.

Apple 1s a technical giant that is popular for asking the most
challenging and the trickiest questions from applicants. They are known for
their hard job interview questions that keep the candidates stunned at times.

That said, it can potentially be one of the most exciting workplaces if
you are interested in this domain. Therefore, getting a job at a company
like Apple is not a cakewalk.
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Apple 1s known to ask the perfect blend of technical interview
questions as well as insane puzzles that take all the mental faculties and
creativity of a candidate to come up with a job-worthy answer. This is a
relatively easy-looking question until you actually start thinking about a
problem good enough to talk about.

This question is designed for a candidate to showcase his/her
problem-thinking and problem-solving capabilities.

4. Google. Interview Questions Google.

"If you wanted to bring your dog to work, but one of your team
members was allergic to dogs, what would you do?" — Associate Account
Strategist, December 2014.

Google is yet another industry giant that is well-known for its
challenging interview questions in hard job interviews that are difficult to
crack. This technology giant has a reputation that precedes itself when it
comes to presenting potential job applicants with brainteasers that might
leave them mind-boggled.

When you go for a job interview, it is natural to expect to be asked
questions related to your job or the position you are vying for. However,
not for Google!

This company certainly knows how to challenge job applicants with
tough job interview questions to see how the candidates perform under
pressure. Although most questions asked by Google will require you to think
and answer quantitatively, this is one problem-solving question that might
require you to tackle a problem of your allergic colleague on the spot.

In addition to some brain-stumping puzzles, you can also expect
plenty of short and concise questions from this company that calls for
nothing but your honesty such as "Why Google?"

Conclusion.

These questions are just the tip of the iceberg when it comes to
technical interview questions asked in big technology companies. So, if
you aim to work in one of these companies one day, you must start
thinking of some creative solutions to these questions.

These questions can open up your mind and thought process even if
you don't plan to work in such companies. So, having knowledge about
such questions is always effective.

https://interestingengineering.com/top-interview-questions-big-
companies-ask.
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SUPPLEMENTARY READING

Text 1
What if Chemical Engineers didn’t Exist?

Can you imagine a life without chemical engineers? We can't!

No food to feed the world! Fritz Haber was the inventor of the all-
renowned Haber Process, where nitrogen from the air is mixed with
hydrogen under high temperature and pressure, to produce Ammonia. Now
ammonia stinks, but, thanks to this process, more than half of the world's
population is being fed with good food. This process produces nitrogen
fertilizers and is used by most of the food industries. Now, this process was
invented by Fritz Haber, but, it was Carl Bosch, who took it an industrial
scale and then began mass production of the fertilizers. Imagine if the
process wasn't introduced on an industrial scale; we would probably be
eating only fish now.

No clean water. We can drink clean water today, with the help of the
cleaning process invented by Chemical Engineers. Purifying water has
several steps to it and being able to change the sea water into something
edible, wouldn’t have been possible without the thinking of Chemical
Engineers. Today, even contaminated sewage waters can be turned into pure,
drinkable water. Even, desalination, a process where salts and unwanted
minerals are removed to purify the water and make it suitable for drinking
and other purposes. Desalination is a way that majorly contributes to
purifying water and is being used in over 120 countries, including United
Arab Emirates, India, Greece and Saudi Arabia.

Recycling wouldn't have been possible! Recycling things like
aluminum, paper and plastics and reusing them have become possible,
thanks to the innovators. Recycling aluminum was developed in the 1960s
and today, aluminum has become one of the most recycled materials. With
this, starting from cans to cars i1s being recycled today, and has mainly
helped in reducing the consumption of bauxite and crude oil and has also
contributed in reducing the air pollution.

Recycling paper and plastics has also become possible with the help
of Chemical Engineers. Plastic is something we use in our everyday lives
and is non-biodegradable. Therefore, to save energy and the environment,
Engineers have come up with a process, which reprocesses the plastic to be
reused again. This not only saves energy, but, even helps environmentally.
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Batteries? What are they? This is something that every technology
needs, especially the long-lasting ones. Without it, you probably wouldn't
have been able to read this article. Lewis Urry, a Chemical Engineer,
invented the alkaline and the lithium battery, while working for the all-
known battery company, Eveready. Today, 80 % of the dry-cell batteries
are based on his invention. This is the technology era and it definitely
wouldn't have been possible without Urry's work and methods. Eveready
produced batteries since the 1800s, but, the batteries that were produced
before Urry's invention, wouldn't have been able to power any of the
gadgets that we use today. Urry's invention brought long-lasting, cost-
effective batteries and basically is one of the major inventions, which made
portable electronics a reality.

Ozone layer probably wouldn't have been depleted. CFCs, also knows
as Chloro-Fluro Carbon, wouldn't exist today. It’s a coolant used in
refrigerators, air conditioners and as propellants in aerosol. This invention,
however, has caused a lot of harm to the ozone layer, thereby exposing the
earth to ultraviolet radiation. Thomas Midgley was a Mechanical Engineer
and a Chemist, so if you combine the worst subjects of these two, one may
get Chemical Engineer, which Midgley was arguably. Apparently, the first
CFC was highly stable and had no harmful effects on animals, humans and
plants. Due to its non-inflammability and volatility, the product was a huge
success commercially and was used in refrigerators and air conditioners.
However, people were too late to realize its long-term harmful effects and the
fact that, it was due to CFCs that the ozone layer was being majorly affected.
The damage became known in the 1980s and that's when the Montreal
Accord came into play, which eventually phased-out the use of CFCs.

We would be breathing lead! Unfortunately, Midgley didn't stop at
CFCs. Before CFCs, Midgley produced TEL, tetracthyl lead, which was
used in early cars to reduce ‘engine knocking’. TEL caused birth defects,
polluted the environment and affected people in many ways physically and
mentally. However, the use of it was soon to be outlawed and replaced by
the great innovation of Vladimir Haensel. He invented the platforming
process, which allowed oil to have a higher octane rating and at the same
time caused less air pollution, unlike TEL. Haensel had the idea in mind,
which is reforming the naphthas, but, the process required a catalyst. Then,
he discovered the use of platinum as a catalyst, which was a stable and
facilitated the process accordingly. Although, the surface eventually gets
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piled up with coke, today's refining processes, allows the platinum catalyst
to regenerate up to 400 times before being recycled. This great invention,
allowed petrol to have a higher octane rating, without any use of harmful
chemicals and also benefitted the environment. It cuts off harmful emissions
and produces hydrocarbon like benzene, which is mainly used in the
production of plastics. Haensel contributed to the production of catalytic

converters and thanks to that, we are breathing air instead of lead today!
https.//gineersnow.com/engineering/chemical/what-if-chemical-engineers-
didnt-exist.

Text 2
Famous Chemical Engineers Who Changed the World

George Edward Davis. Known as the father of the discipline
Chemical Engineering, George Davis gave the first 12 ‘Chemical
Engineering’ lectures in the University of Manchester Institute of Science
and Technology. The lectures were the core of the discipline, which defined
and explained what Chemical Engineering basically is. He even wrote the
book, A Handbook Of Chemical Engineering, Volume I and II, which
explained the basic industrial operations done on a much larger scale.

Arthur D. Little. We all know Arthur D. Little is the famous
international consultancy firm, but, the man behind it is a famed Chemical
Engineer. Arthur D. Little was a drop-out, who laid the foundations for
unit operations. This was applied to all the basic industrial processes and
basically helped in defining the discipline.

John H. Perry. Perry's Chemical Engineer's Handbook wouldn't have
been possible without John H. Perry, who edited the first Handbook
published in 1934. John was a chemical engineer and also a Ph.D. holder in
Physical chemistry. He is more known for his handbook, which contains
all the important properties and knowledge required by Professors and
Chemical Engineers.

Robert Samuel Langer, Jr. Robert Langer is known as the father of
Tissue Engineering and has over 1,100 issued and pending patents. He is
known for his contributions to medicine and biotechnology and has
invented new technologies, especially in the drug delivery systems. He is
the most cited engineer and currently the David H. Koch Insititute
Professor at MIT.
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Thomas H. Chilton. Known as the father of modern Chemical
Engineering Practices, Chilton and Allan P. Colburn developed what is
known as the Chilton-Colburn analogy. This analogy is widely known and
used in courses like mass and heat transfer. He worked as a Chemical
Engineer at DuPont for 35 years and contributed to understanding the
chemical phenomena behind heat and momentum.

Elmer L. Gaden, Jr. Elmer was the father of Biochemical Engineering,
who served 25 years of his career in academics. He is known for his
dissertation topic, which was based on penicillin production. It basically
explained Chemical Engineers the processes and fundamentals behind the
penicillin production. He spent 25 years of his career in Columbia University,
where the first biochemical engineering program was established.

Carl Bosch. Although, Haber process was invented by Fritz Haber,
the process was further scaled up to the industrial level, thanks to Carl
Bosch. This process enables the production of synthetic fertilizers and
today contributes to half of the world's food production. He is a recipient of
the Nobel Prize in Chemistry, 1931.

Margaret Hutchinson Rousseau. In 1937, Margaret became the first
women to ever receive a doctorate in Chemical Engineering from MIT.
She is mainly known for producing the first commercial penicillin plant
and also contributed to creating processes, which produced high-octane
gasoline. She was also the first female member of the American Institute of
Chemical Engineers (AIChE).

Viadimir Haensel. Holding nearly 150 patents and more than 400
foreign patent, Vladimir is famous for inventing the platforming process. This
is a process where platinum is used as a catalyst to produce clean, low-cost
gasoline, containing a higher energy content. This process has also helped in
the removal of lead from gasoline and is also a role model for different
catalytic reforming processes. Vladimir worked in the University of
Massachusetts Amherst as a Professor in Chemical Engineering from 1980-
till his death.

Fritz Haber. Although, his contribution is mostly in the field of
Chemistry, without his invention, two-thirds of the world’s food production
would have been impossible. His very well-known Haber Process, is the
process where nitrogen is converted to Ammonia, under high temperature and
pressure. The process was further applied to industrial-scale by Carl Bosch.
For this process, Fritz Haber received a Nobel Prize in Chemistry in 1918

https://engineeringwondersblog.wordpress.com/2017/11/04/famous-
chemical-engineers-who-changed-the-worldy/.
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Text 3
No, People Didn't Invent Polymers

You may think that polymers are so common that they grow on
trees... Well, you're right. When we say that polymers are everywhere, we
mean it. In fact polymers have been in nature from the beginning. All
living things — plants, animals, and people — are made of polymers. There
are lots of polymers in the sea. Let's start with plants.

Polymers in Plants. Plants are made of a polymer called cellulose.
This 1s the tough stuff that wood and stems — and Paul's tree house! — are
made from. Cellulose is also what makes fibers like cotton and hemp that
we can twist into threads and weave into clothing. And many plants also
make starch. Potatoes, corn, rice, and grains all have a lot of starch. Starch
is also a polymer.

Even though starch and cellulose are both made from the same sugar
(glucose), they act very differently (because the glucose molecules are
joined together differently). Starch will dissolve in water, but cellulose
won't. So we make food from starches and we build things and make
clothing out of cellulose.

Starch is all twisted up in a tight blob, with lots of branches and ends
sticking out all over. Starch is really just a compact way to store a lot of
glucose in a small space. Our bodies break the starch down into glucose,
which can be used for energy so you can run and jump and play and think.

Plants use cellulose for strength. The cellulose chains are all
stretched out, and like to stay tight right next to each other, like raw
spaghetti that's all stuck together. That's why cellulose can hold up the
tallest trees! And wooden houses too! Cotton is mostly cellulose — those
stretched-out chains make great fibers.

The cellulose in vegetables and grains is the fiber in our foods. We
can't digest it, but it's good for us because it helps keep our insides clean.

Cellulose and starches are both made from sugars — so they're called
polysaccharides (meaning "many sugars").

Another useful natural polymer produced by plants is rubber. It has
been harvested from trees in Central and South America for hundreds of
years. In the last couple hundred years people have figured out ways to
make it stronger and more durable. And scientists have been very
successful in inventing their own versions of rubber for different purposes.
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Polymers in People — and all kinds of animals, too...

Protein. You know they say "You are what you eat". Well, one
natural polymer that we eat a lot of is also one we are made of —
PROTEIN! Protein also forms some of the things you wear — namely
leather, silk, and wool. Protein is a natural polymer formed from molecules
called amino acids. Chicken nuggets and hamburgers have a lot of protein
(but the bun has a lot of starch!). Protein is the main thing in skin, organs,
muscles, hair and fingernails. The most common protein in your body,
collagen, 1s used for support and structure. It's in-between all the cells in
your body, all around your organs, even in your teeth and bones.

Feathers and fur, hair and fingernails (even animal hooves), are all
made of the protein keratin. Wool is made from sheep hair, and is great for
clothing and fabric. Wool is warm and sometimes a little itchy, but it's still
widely used. You'll find it everywhere from hats to skirts to the inside of a
piano... and of course in sweaters. In fact many kinds of animal hair
besides wool have been used to make clothing. Angora rabbits have extra
light, soft, fluffy fur. Cashmere is a wool that comes from special goats,
and 1s very soft and long-wearing. Alpacas and llamas also produce wool
that's soft and warm.

Silk. Another great protein is silk — a sort of fiber made by special
caterpillars. This stuff has been used for thousands of years to make
beautiful fabric for clothing. And though people have made their own
version of silk called nylon, there's still nothing out there quite like silk.
Spider silk is incredibly strong for its weight, and scientists have been
working hard to mimic this fiber, too.

Enzymes. A special group of proteins that work inside the body are
enzymes. Each enzyme is a specific little glob of a protein that does a
specific job in the body, and does it really really fast. Without enzymes,
these jobs either just wouldn't happen, or would go way too slowly to make
life possible! Some enzymes even make other enzymes. The enzymes all
work together to keep everything in your body going, like processing your
food into energy so you can chase your little brother around.

Chitin (sounds "like kite-inn"). What do lobsters and giant
cockroaches and mushrooms have in common? Chitin!

Chitin is the strong waterproof stuff that crustaceans like crabs and
shrimp and all kinds of bugs make to form their protective outer shells. It's
even found in the cell walls of mushrooms (weird, huh?!). The neat thing
about chitin 1s that its structure is a lot like cellulose. One might think it

97



Supplementary reading

would be a protein since it's made by animals (mostly), but it's more like
the tough stuff in plants. Scientists have found a way to purify the chitin
into an off-white powder that can be useful to farmers, doctors, and even in
food as a thickening agent. To learn more about polymers in the sea, click
here to visit the Polyquarium.

https://pslc.ws/macrog/kidsmac/natural. htm.

Text 4
Polymer
Written by
The Editors of Encyclopaedia Britannica

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

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

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

Other important natural polymers include the proteins, which are
polymers of amino acids, and the nucleic acids, which are polymers of
nucleotides — complex molecules composed of nitrogen-containing bases,
sugars, and phosphoric acid. The nucleic acids carry genetic information in
the cell. Starches, important sources of food energy derived from plants,
are natural polymers composed of glucose.
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Many inorganic polymers also are found in nature, including
diamond and graphite. Both are composed of carbon. In diamond, carbon
atoms are linked in a three-dimensional network that gives the material its
hardness. In graphite, used as a lubricant and in pencil "leads", the carbon
atoms link in planes that can slide across one another.

Synthetic polymers are produced in different types of reactions. Many
simple hydrocarbons, such as ethylene and propylene, can be transformed
into polymers by adding one monomer after another to the growing chain.
Polyethylene, composed of repeating ethylene monomers, is an addition
polymer. It may have as many as 10,000 monomers joined in long coiled
chains. Polyethylene is crystalline, translucent, and thermoplastic — i.e., it
softens when heated. It is used for coatings, packaging, molded parts, and the
manufacture of bottles and containers. Polypropylene is also crystalline and
thermoplastic but is harder than polyethylene. Its molecules may consist of
from 50,000 to 200,000 monomers. This compound is used in the textile
industry and to make molded objects.

Other addition polymers include polybutadiene, polyisoprene, and
polychloroprene, which are all important in the manufacture of synthetic
rubbers. Some polymers, such as polystyrene, are glassy and transparent at
room temperature, as well as being thermoplastic. Polystyrene can be
coloured any shade and is used in the manufacture of toys and other plastic
objects.

If one hydrogen atom in ethylene is replaced by a chlorine atom,
vinyl chloride is produced. This polymerizes to polyvinyl chloride (PVC),
a colourless, hard, tough, thermoplastic material that can be manufactured
in a number of forms, including foams, films, and fibres. Vinyl acetate,
produced by the reaction of ethylene and acetic acid, polymerizes to
amorphous, soft resins used as coatings and adhesives. It copolymerizes
with vinyl chloride to produce a large family of thermoplastic materials.

Many important polymers have oxygen or nitrogen atoms, along with
those of carbon, in the backbone chain. Among such macromolecular
materials with oxygen atoms are polyacetals. The simplest polyacetal is
polyformaldehyde. It has a high melting point and is crystalline and
resistant to abrasion and the action of solvents. Acetal resins are more like
metal than are any other plastics and are used in the manufacture of
machine parts such as gears and bearings.
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A linear polymer characterized by a repetition of ester groups along
the backbone chain is called a polyester. Open-chain polyesters are
colourless, crystalline, thermoplastic materials. Those with high molecular
weights (10,000 to 15,000 molecules) are employed in the manufacture of
films, molded objects, and fibres such as Dacron.

The polyamides include the naturally occurring proteins casein,
found in milk, and zein, found in corn (maize), from which plastics, fibres,
adhesives, and coatings are made. Among the synthetic polyamides are the
urea-formaldehyde resins, which are thermosetting. They are used to
produce molded objects and as adhesives and coatings for textiles and
paper. Also important are the polyamide resins known as nylons. They are
strong, resistant to heat and abrasion, noncombustible, and nontoxic, and
they can be coloured. Their best-known use is as textile fibres, but they
have many other applications.

Another important family of synthetic organic polymers is formed of
linear repetitions of the urethane group. Polyurethanes are employed in
making elastomeric fibres known as spandex and in the production of
coating bases and soft and rigid foams.

A different class of polymers are the mixed organic-inorganic
compounds. The most important representatives of this polymer family are
the silicones. Their backbone consists of alternating silicon and oxygen
atoms with organic groups attached to each of the silicon atoms. Silicones
with low molecular weight are oils and greases. Higher-molecular-weight
species are versatile elastic materials that remain soft and rubbery at very
low temperatures. They are also relatively stable at high temperatures.

https://www.britannica.com/science/polymer.

Text 5
Basic Polymer Science

A polymer is generally described in terms of a single repeat unit,
such as the following example.

The number of repeat units in a chain is called the degree of
polymerization (DP) or chain length. Thus, a poly (propylene) chain 5,000
units long would have a DP of 5,000 and an "n" value of 5,000. Because
most polymer mixtures contain chains of varying lengths, the chain length
1s often referred to in terms of average chain length or average DP.
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At either end of the polymer chain are end groups. (Because the
chain 1s often thousands of units long, the end groups are usually omitted.)
For (poly)propylene the repeating carbons (C-C-C-C-C-C-C) form the
polymer backbone and represent the atoms that connect the chain together.
In vinyl polymers, so called because they are generally derived from
substituted vinyl reactants or monomers, the polymer backbone 1is
composed of only carbon atoms.

Condensation polymer backbones include non-carbon atoms. For
example, polyesters have oxygen atoms and nylons have nitrogen atoms in
the backbone in addition to carbon atoms.

Unsymmetrical reactants, such as substituted vinyl monomers, react
almost exclusively to give what are called "head-to-tail" products where
the substituents occur on alternative carbon atoms:

Copolymers are polymers derived from two different monomers
(M and N). Saran, a component of Saran Wrap, is one example.

Some linear chains have extensions (beyond the substitution) coming
off the polymer backbone. These extensions are called branches and influence
a polymer's properties. Branches may be long or short, frequent or infrequent.
For example, so-called low density polyethylene (LDPE) has between forty
and one hundred short branches for every 1,000 ethylene units, whereas high
density polyethylene (HDPE) has only one to six short branches for every
1,000 ethylene units (Figure 11). Branching discourages the chains from
fitting close together so that the structure will be amorphous with relatively
large amounts of empty space. Regular structures with little or no branching
allow the polymer chains to fit close together, forming a crystalline structure.
Crystalline structures are generally stronger, more brittle, of higher density,
more resistant to chemical penetration and degradation, less soluble, and have
higher melting points. For example, HDPE has a density of 0.97 gram per
milliliter and a melting point of about 130 °C (266 °F), whereas LDPE has a
density of about 0.92 gram per milliliter and a melting point of about 100 °C
(212 °F).

Polymer chains can be connected to one another chemically or
physically, much like a knot can connect two pieces of string. These
connections are called crosslinks and cause the connected chains to act as a
single unit

Some materials can have only a few crosslinks, such as permanent
press materials where the fabric contour is locked into place with crosslinks.
Others materials such as Bakelite and ebonite are heavily crosslinked; these
are hard, brittle, non-flexible materials.

http.://'www.chemistryexplained.com/PI-Pr/Polymers-Synthetic.html.
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Text 6
Types of Synthetic Polymers

Elastomers. Elastomers are polymers possessing chemical and/or
physical crosslinks. These crosslinks allow the stretched, deformed
segments to return to their original locations after the force is removed.
The "use" temperature must be above the T, to allow ready chain slippage
as the rubbery material is flexed and extended. The forces between the
chains should be minimal to allow easy movement of these chain
segments. Finally, the chains must be present in an amorphous,
disorganized fashion. As force is applied and the material distorts or
elongates, the randomly oriented chains are forced to align and take more
ordered positions with the chains, forming crystalline regions that resist
ready movement. As the force is removed the material has a tendency to
return to its original disorganized state and therefore its pre-stretched
shape. The formation of the crystalline regions as the material is stretched
gives the material a greater tensile strength (i.e. an increased force is
necessary for further elongation) at high extensions. Crosslinked vinyl
polymers are ideal materials to be used in elastomers: the attractive forces
between chains is low and their T, is below room temperature.

Thermosets and thermoplastics. Thermosets are materials that have
sufficient crosslinking present so that they are prevented from being
soluble and melting when heated. Such materials are therefore difficult to
recycle. Thermoplastics are materials that melt on heating and generally
contain little or no crosslinking. They can be recycled more easily through
heating and reforming. Linear polymers are thermoplastic materials.

Fibers. Fibers require materials with a high tensile strength and high
modulus (high force required for elongation). This requires polymers with
strong forces between the chains and chains that are symmetrical to allow
for good crystalline formation. Condensation polymers exhibit these
properties and so are most utilized as fibers. Fibers are normally linear and
drawn (pulled) in one direction, producing higher mechanical properties in
that direction. If the fiber is to be ironed, its T, should be above 200 °C.
Branching and crosslinking are undesirable since they inhibit crystalline
formation. Even so, some crosslinking may be present to maintain a given
orientation, such as desired in permanent press clothing. While most fibers
are made from condensation polymers, new treatments allow some fibers
to be made from olefinic materials such as polypropylene.
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Plastics. Plastics require properties that are intermediate between
elastomers and fibers. Engineering plastics can be readily machined, cut,
and drilled. Condensation polymers are typically engineering plastics while
vinyl polymers are typically plastics.

Coatings. Coatings and adhesives are generally derived from polymers
that are considered to be plastics, although there are major groups that do not.
For instance, silicone rubbers are elastomers that can be used as adhesives.
Coatings, or coverings, are generally highly viscous (low flowing) materials.
Coatings protect surfaces from the degradative effects of oils, oxidative
chemical agents, extreme temperatures, rain, snow and ionizing radiation.
Coatings must adhere to the surface they are applied to. Coatings are typically
a mixture of a liquid (vehicle or binder/adhesive) and one or more colorants
(pigments). Coatings often also contain a number of so-called additives that
can furnish added protection against ionizing radiation, increase the rate of
drying and/or curing (crosslinking) and prevent microorganism growth.
Coatings are specially formulated for specific purposes and locations and can
be divided into five groups:

« oil paints consist of a suspension of pigment (colorant) in a drying
oil such as linseed oil;

« oil varnishes consist of a polymer, either natural or synthetic,
dissolved in a drying oil together with the necessary additives such as catalyst
that promotes crosslinking of the drying oil;

« enamels are oil varnishes with pigment added;

« lacquers are polymer solutions to which pigments have been added;

« latex paints are polymer latexes, often poly(methyl methacrylate)
and polyacrylonitrile, to which pigments have been added. They account for
well over one half of the commercial paint used.

Hardening or drying consists of removal of solvent (evaporation)
and/or crosslinking of a drying oil that contains C = C units.

Adhesives. In contrast to coatings that must adhere to only one surface,
adhesives are used to join two surfaces together. Adhesion for both adhesives
and coatings can occur through a number of mechanisms including physical
interlocking, chemical adhesion where primary bonding occurs between the
adhesive and the surfaces being joined, secondary bonding where hydrogen
bonding or polar bonding occurs and viscosity adhesion where movement is
restricted because of the viscous nature of the adhesive material. Adhesives
can be divided according to the type of delivery of the adhesive or by the type
of polymer:
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« solvent-based adhesives like model airplane glue contain a volatile
solvent that dissolves part of the plastic and when dry forms a solvent weld;

« pressure-sensitive adhesives like those used on Post-It-Notes often
contain the same adhesive material used in more permanent adhesives like
Scotch Tape except in lesser amounts;

« reactive adhesives are short chained polymers or monomers that
solidify through polymerization or crosslinking after application;

o plywood is formed from the impregnation of thin sheets of wood
with resin that dries after the sheets are pressed together. Phenolic thermosets
such as those developed by Bakelite are often used as the resins for plywood;

« adhesives made from cyanoacrylates are among the best known
adhesives, sold under trade names such as Super Glue and Crazy Glue.
Monomers such as butyl-alpha-cyanoacrylate polymerize spontaneously in
the presence of moisture. The presence of the cyano and acrylate groups, both
quite polar, makes this a particularly good adhesive; it is used in surgery and
for mechanical assemblies.

Sealants and caulks. Sealants and caulks provide a barrier to the
passage of gases, liquids, and solids; maintain pressure differences; and
moderate mechanical and thermal shock. While adhesives are used for
"load transfer" and require high tensile and shear strengths, sealants act as
insulators and shock attenuators and do not require high tensile and shear
strengths.

Films and sheeting. Films are two-dimensional forms of plastic, thick
enough to be coherent, but thin enough to be flexed, creased, or folded
without cracking. Most films are produced from materials from the
elastomeric and plastic categories. Sheeting 1s a two-dimensional form of
plastic that is thicker (generally greater than 250 micrometers) than film
and is generally not easily flexed, creased, or folded without cracking.

Composites. Composites are materials that contain strong fibers or
reinforcement embedded in a continuous phase called a matrix. They are
found in jet fighters such as stealth fighters and bombers, in the "reusable"
space shuttle, in graphite golf clubs, in synthetic human body parts, and for
many years in marine craft (fibrous glass).

Laminates. The combination of an adhesive and an adherent is a
laminate, a type of composite. Commercial laminates are produced on a
large scale with wood as the adherent and phenolic, urea, epoxy, resorcinol
or polyester resins as the adhesive. Plywood is an example of a laminate.
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Laminates of paper or textile include Formica and Micarta. Laminates of
phenolic, nylon or silicone resins with cotton, asbestos, paper or glass
textiles are used as mechanical, electrical and general purpose structural
materials.

Conductive polymers. Most polymers are nonconductive and polymers
such as polyethylene, polypropylene and polytetrafluoroethylene (Teflon) are
used as insulators. Even so, some polymers have been found to conduct
electricity. An example is polyacetylene; oxidation with chlorine, bromine, or
iodine vapor makes polyacetylene film 10° (1,000,000,000) times more
conductive than the non-treated film. This treatment with a halogen is called
"doping". Other polymers including polyaniline, polythiophene, and
polypyrrole have been found to be conducting after doping and these
materials are now being used in a variety of applications. Doped polyaniline
1s employed as a conductor and as an electromagnetic shielding for electronic
circuits. Polythiophene derivatives are used in field-effect transistors.
Polypyrrole is used in microwave-absorbing "stealth" screen coatings and in
sensing devices. Poly(phenylene vinylidene) derivatives are used in the
production of electroluminescent displays.

http.://'www.chemistryexplained.com/PI-Pr/Polymers-Synthetic.html.

Text 7
Polyesters

Polyesters are long chain synthetic polymers that have ester
linkages. Polyester materials are used as fibers, plastics, and films; in
composites and elastomers; and as coatings. They are truly versatile
materials.

In the late 1920s American chemist Wallace Carothers and his
research group at DuPont began to investigate the formation of polymers
from the reaction of aliphatic diacids (having two acid groups) with diols
(having two alcohol groups), in search of materials that would give them
fibers. At first they were able to form only syrupy mixtures. But the
Carothers group did make polyester fibers. They investigated a wide array
of dialcohols, diacids, and w-hydroxy acids for use as starting points. Some
of the polyesters that they achieved were solids, but they had rather low
melting points and thus were not useful as fiber materials. The lack of
success was due to the fact that the researchers had used only aliphatic
diacids. In order to form long polymer chains, the reactive groups of the
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reactants must be present in approximately equal amounts. This is easily
achieved via the use of amines and the subsequent formation of amine
salts. (Diols do not easily form salts.) Carothers's group understood the
principle of "driving" an equilibrium reaction and so sought to remove
water from their amine salt mixtures, thus forcing the reaction toward ester
formation. For this they developed a so-called molecular still, which
involved heating the mixture and applying a vacuum coupled with a "cold-
finger" that allowed evacuated water to condense and be removed from the
reaction system. Even with this understanding and lots of hard work, they
achieved polymer chains with fewer than 100 repeat units.

The DuPont research team turned from the synthesis of polyesters to
tackle, more successfully, the synthesis of polyamides. The experience
with polyesters was put to use in the making of polyamides.

Initial polyester formation actually occurred much earlier and is
attributed to Gay Lussac and Théophile-Jules Pelouze in 1833 and Jons
Jakob Berzelius in 1847. They did not realize what they had discovered,
however, and so moved on to other work.

Glyptal polyesters were first produced in 1901 by heating glycerol
and phthalic anhydride. Because the secondary hydroxyl is less active than
the terminal, primary hydroxyl in glycerol, the initial product formed is a
linear polyester. A cross-linked product is produced by further heating
through reaction the third alcohol.

Related compounds, alkyds, were synthesized by Kienle in the 1920s
from trifunctional alcohols and dicarboxylic acids. Unsaturated oils
(alcohols and anhydrides containing double bonds) were also reacted with
phthalic anhydride, yielding polyesters that contained a double bond,
which could be further reacted to produce cross-linked products. The
extent of cross-linking or "drying" depends on the amount of unsaturated
oil present.

Today, the term alkyd is often used to describe all polyesters
produced from the reaction of a diacid or anhydride and a diol or triol
resulting in a product that contains a double bond that can be further
reacted, giving a cross-linked product. These polyesters are called
unsaturated polyesters. They are mainly used in the production of
reinforced plastics (composites) and nonreinforced filled products for the
marine, automotive, and other industries.
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These glyptal and alkyd polyesters are useful as coating materials but
not for fiber or plastic production. The first commercially available
polyesters were made by GE in the 1920s. Called Glyptals™, they were
used as sealing waxes. Out of the Glyptal™ research came alkyd paints.
Although these reactions had low fractional conversions, they formed high
molecular weight materials because they had functionalities (i.e. a number
of reactive groups on a single reactant) greater than 2, resulting in cross-
linking.

The heat resistance of Carothers's polyesters was not sufficient to
withstand the temperature of the hot ironing process. Expanding on the
work of Carothers and his coworkers on polyesters, Whinfield and
Dickson, in England, overcame the problems of the Carothers group by
using aromatic acids, especially terephthalic. This classic reaction, which
produces plastics and fibers are sold under a variety of tradenames,
including Dacron, Fortrel, Trevira, and Terylene, and films sold under a
variety of trade names. All new plants now use pure acid for this reaction.

Methyl alcohol, or methanol, is lower boiling than water (65 "C
compared with 100 'C) and is thus more easily removed, allowing the
reaction to be forced toward polymer formation more easily. Although this
polyacryl ester, produced by Whinfield and Dickson, polyethylene
terephthalate or PET, met the specifications for a useful synthetic fiber,
because of inferior molding machines and inadequate plastic technology, it
was not possible to use it in injection molds. Until more recently PET was
not a widely used plastic or film material.

Although aromatic polyesters had been successfully synthesized
from the reaction of ethylene glycol with various aromatic diacids (almost
always terephthalic acid or its ester), commercialization of polyester
synthesis awaited an inexpensive source of aromatic diacids. In 1953 an
inexpensive process for the separation of the various xylene isomers by
crystallization was discovered. The availability of inexpensive xylene
isomers enabled the formation of terephthalic acid through the air
oxidation of the p-xylene isomer. Du Pont, in 1953, produced polyester
fibers from melt spinning, but it was not until the 1970s that these
polyester fibers became commercially available.

In 2000 about 3,900 million pounds of polyester fiber were used in
the United States, making it the largest single fiber group material. As with
nylon, polyester fibers are comparable to and/or surpass common natural
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fibers such as cotton and wool in heat stability, wash-and-wear properties,
and wrinkle resistance. Textiles blended from polyester, cotton, and wool
(in varying combinations) can also be made to be "permanent press" and
wrinkle resistant. The fibers are typically formed from melt or solvent
spinning. Chemical and physical modification can generate fibers of
differing fiber appearances from the same basic fiber material. Self-
crimping textiles are made by combining materials that have differing
shrinkage properties. Different shaped dyes produce materials with varying
contours and properties, including hollow fibers.

Along with the famous polyester suits and slacks, polyester fibers are
widely used in undergarments, permanent press shirts, tire cord, and felts.

Because the ease of processing and fabricating polyesters is related
to the number of methylene groups (—CH: —) in the repeat units, scientists
turned to the use of diols with additional methylene units. Whereas PET is
difficult to mold because of its high melting point, T, 240 °C, poly
butylene terephthalate or PBT, because of its two additional methylene
units in the diol-derived portion, is lower melting with a T, of about
170 “C. PET also crystallizes relatively slowly, so extra care must be
exercised to insure that PET molded products become fully crystallized.
Otherwise, the partially crystallized portions will be preferred sites for
cracking, crazing, shrinkage, and so on.

By comparison, PBT melts at a lower temperature (as noted above),
crystallizes more rapidly, and is often employed as a molding compound.
PBT has properties that represent a balance between those of nylons and
acetals. It 1s characterized by low moisture absorption, good fatigue
resistance, good solvent resistance, extremely good self-lubrication, and
good maintenance of its physical properties even at relatively high use
temperatures. Fiber-reinforced PBT molding compound is sold under the
trade-name Celanex. Another PBT molding compound was first sold under
the tradename Valox. Today, there are many PBT molding compounds
available.

In 2000 worldwide production of PET was 30 million tons. The
manufacture of PET textiles is increasing at 5 percent a year, of PET bottles
at 10 percent a year. China produces the most polyesters. PET is now used
extensively as bottling material for soft drinks instead of glass because it is
shatterproof and lightweight. Carbon dioxide permeability decreases with
increasing film thickness and crystallinity. Glass has better CO;

108



Supplementary reading

impermeability than PET in these respects. Therefore, to achieveoptimal
crystallinity, partially crystalline PET is employed in the stretch blow
molding process, carried out to promote further crystalline formation. It is
also used for molded automobile parts. Over 500,000 tons of polyester
engineering plastics are produced annually in the United States.

Polydihydroxymethylcyclohexyl terephthalate was introduced by
Eastman Kodak as Kodel in 1958. Here, the insertion of the cyclohexyl
moiety gives a more hydrophobic material (in comparison to PET and PBT)
as well as a more moldable product that can very readily be injected-molded.
The polymer's sole raw material is dimethyl terephthalate. Reduction of
dimethyl terephthalate yields the dialcohol, cyclohexanedimethanol. Kodel,
along with its blends and mixtures, is often extruded into film and sheeting
for packaging. Kodel-type materials are used to package hardware and other
heavy items; they are also blow-molded to produce packaging for shampoos,
liquid detergents, and so on.

Du Pont and Shell have developed a new polyester, polytrimethylene
terephthalate, or PTT, with the trademarks Sorona (Du Pont) and Corterra
(Shell). It 1s structurally similar to polyethylene terephthalate, PET, except
that 1,3-propanediol (PDO) is used as a reactant in place of ethylene
glycol. The extra methylene (CH;, ) in PTT allows the fiber to be more
easily colored, giving a material that is also softer to the touch and with
greater stretch for textile use. Further, PTT offers good wear and stain
resistance for carpet use. The ready availability of the monomer PDO is a
major consideration, with current efforts underway to create PDO from the
fermentation of sugar through the use of biocatalysts for this conversion.
Corterra and Lycra blends have already been successfully marketed.
Corterra 1s also targeted for use as a resin and film.

Du Pont first introduced microfibers in 1989. Microfibers have
diameters that are less than typical fibers; they are about half the diameter
of fine silk fiber, one-quarter the diameter of fine wool, and one hundred
times finer than human hair. Denier, the weight in grams of 9,000-meter
length of a fiber, is the term used to define the diameter or fineness of a
fiber. Microfibers have a denier that is 0.9 denier or less. In comparison,
nylon stockings are knit from 10- to 15- denier fiber.

Microfibers allow a fabric to be woven that is lightweight and strong.
They can be tightly woven so that wind, rain, and cold do not easily
penetrate. Rainwear manufactures use microfibers for this reason. They
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also have the ability to allow perspiration to pass through them. In
addition, microfibers are very flexible because their small fibers can easily
slide back and forth on one another. The first fabric made from microfiber
was Ultrasuade, in which short polyester microfibers were imbedded into a
polyurethane base. Today, microfibers are manufactured primarily from
polyesters, nylon and acrylic fibers. They are used under various
tradenames to make a variety of products, such as clothing, hosiery,
bedding and scarves.
Charles E. Carraher Jr.
http.:.//'www.chemistryexplained.com/PI-Pr/Polyesters.html.

Text 8
Facts about Plastic

Every piece of plastic that was ever produced still exists.

Fathers of the modern plastic industry were chemists Leo Baekeland,
Alexander Parkes, Jacques E. Brandenberger, Chemist Roy Plunkett and
Daniel Fox.

First plastic compounds were made by processing naturally created
rubber plants. This process was abandoned after chemist managed to create
recipes for fully synthetic plastic.

The word "plastic" was introduced in 1925, approximately 100 years
after first chemist started working with natural rubber.

Before WWII the most popular plastic was Bakelite and its close
cousin Catalin. They were used everywhere, from children toys to the parts
for large WWII bombers.

One of the last truly important plastic compounds that were
discovered is Kevlar (1965)!

In 2010 31 million tons of plastic waste was generated only in United
States — 14 million tons in containers and packaging, 11 million tons as
durable goods and appliances, and almost 7 million tons as non-durable
goods (plates, cups, cheap kitchenware, etc.).

Eight percent of United States plastic waste is recycled, but category
of bags, sacks and wraps has larger recycling rate of almost 12 %.

In the year 2002 only 360 million of bottles was recycled, out of 9.1
billion bottles that were disposed.

Over 15 million plastic bottles are used in Great Britain every day,
but only around 2.5 % of European plastic bottles are recycled.
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Plastic bottles are made from two types of plastic — 23 % of them are
made from Polyethylene terephthalate (PET, also used for food packaging,
cosmetics) and 62 % of them are made from High-density polyethylene
(HDPE, also used for milk, detergents, shampoos, bottled water, juices).

Buried plastic materials can last for minimum of 700 years.

Over 4 million plastic bottles is used by American every hour!

Plastic represents 8 % of total American waste weight and 20 % of
its volume.

1050 milk jugs can be recycled into one 6-foot plastic park bench.

Standard weight of one PET 2 liter bottle was reduced by 28 %
between 1970s and now (it went from 67 to 48 grams).

U. S. annually creates over 9 billion plastic bottles. Around two
thirds end up in landfills or incinerators.

The largest plastic recycling facility in the U. S. is Wellman Inc,
located in South Carolina. It annually process over 2.5 billion plastic bottles,
turning them into polyester fiber compound known as Fortrel EcoSpun.

Small plastic cup can take 50 to 80 years to decompose.

11 % of household waste is plastic, and 40 % of it is plastic bottles.

Plastic bags, bottles, and other garbage that end up in the ocean kill
around 1 million sea creatures every year.

Plastic bags are one of the most common plastic items that are
manufactured today — over 300 per person, per year.

Recycling plastic is much more energy efficient than incinerating it.

9 — 15 billion of plastic shopping bags are used each year in Canada
alone. On average, one of those bags is used for five minutes before it is
discarded.

Plastic waste can travel large distances over air and sea. Canadian
plastic shopping bags are found as far as Scotland.

In 2009 2.45 billion of PET and HDPE bottles were recycled.

Recycling one single plastic bottle saves enough energy to ring 60-
watt light bulb for six hours!

http://www.historyofplastic.com/plastic-facts/facts-about-plastic/.

Text 9
Plastics Today

Uta Scholten, of the German Plastics Museum Association in
Dusseldorf says: "Most people today don’t know there was a time before
plastics". This was a time when a soccer ball still was made of leather, not
foamed PU, and a surfboard was made of wood not PE.
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Today yogurt tubes are made of PS, CDs of PC, shoes of PU, waste
baskets of PP, computer keyboards of ABS (a copolymer of acrylonitrile,
butadiene and styrene), and soda bottles of PET poly(ethylene
terephthalate). These materials, called plastics in English, were given the
name Kunststoffe by the German chemist Dr. Ernst Richard Escales in
1910, later also referred to as Plastik in a critical way. But over the last few
years they have shaken off their image as cheap or inferior substitutes.
"These days, plastics have a high-quality image", says Dirk Ziems,
manager of a market research institute in Kdln, Germany. "The elegant
appearance of the iPod cannot be topped, and the functionality of modern
athletic clothing will not be surpassed soon".

Plastics in architecture, fashion and design. The Swiss architects
Jacques Herzog and Pierre de Meuron gave the Allianz Arena in Munich
an inflatable covering made of EFTE (ethylene — tetrafluoroethylene
copolymer) plastic that can be illuminated in white, blue and red, the colors
of Munich's two professional soccer teams.

The Allianz Arena consists of 66,500 square meters of EFTE film, 0.2
mm thick, cut into rhombus-shaped cushions. Fans inflate the cushions,
which have an estimated service life of 25 years. Karsten Moritz from
Rosenheim who engineered the arena's plastic facade is convinced that film
skins give architects new opportunities, especially when combined with
sophisticated technologies, such as liquid crystal layers that can be laminated
with film, or the special effects created when light hits the edges of the film.

Fashion 1s another field with its sight set on plastics. Fashion guru
Karl Lagerfeld surprised an interviewer by naming not velvet or silk as his
favorite material, but plastics.

According to the local newspaper of San Francisco, the Chronicle,
"Plastic furniture has become the focal point in some of the most elegantly
designed rooms". The Prada Store in Beverly Hills, designed by Rem
Kohlhaas, has wall coverings made of spongy, translucent PU mats. Spaces
for items on display are simply cut out as needed. "No other material can
be so lightweight and luminescent", says the designer.

Plastics in aircraft engineering. Jets have to be safe and airlines need
planes that can fly economically. Consequently, the percentage of plastics
integrated in jet planes is rising steadily. The development of the giant Airbus
380 has taken the use of plastics to a new level. For the first time in civil
aviation, fiber composites were used to build wing boxes, which are the heart
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of any jet. Compared to a conventional aluminum structure, fiber composites
help to reduce the total weight by 1.5 tons, which reduces fuel consumption
while increasing payload and range. In comparison with the new jumbo jet,
the proportion of plastics in an older Boeing is less than 5 % of the total
weight. The A380 brings the figure up to 20 %, and in the Boeing 787,
plastics make up more than half of the material used.

Plastics as a Commodity. For commodity manufacturers, plastic has
become the material of choice for getting ahead of the competition. With
its brightly colored iMac models, Apple proved that computers don't have
to be gray boxes. However, the greater the demands imposed by industry
on plastics, the more expensive their manufacturing becomes. For this
reason industry is called on to develop corresponding methods that make
the cost of manufacturing equal to or less than that of metallic materials.

From Bayer MaterialScience, modified and abridged.

Text 10
The Basics of Plastic Manufacturing

The term "plastics" includes materials composed of various elements
such as carbon, hydrogen, oxygen, nitrogen, chlorine, and sulfur. Plastics
typically have high molecular weight, meaning each molecule can have
thousands of atoms bound together. Naturally occurring materials, such as
wood, horn and rosin, are also composed of molecules of high molecular
weight. The manufactured or synthetic plastics are often designed to mimic
the properties of natural materials. Plastics, also called polymers, are
produced by the conversion of natural products or by the synthesis from
primary chemicals generally coming from oil, natural gas, or coal.

Most plastics are based on the carbon atom. Silicones, which are
based on the silicon atom, are an exception. The carbon atom can link to
other atoms with up to four chemical bonds. When all of the bonds are to
other carbon atoms, diamonds or graphite or carbon black soot may result.
For plastics the carbon atoms are also connected to the aforementioned
hydrogen, oxygen, nitrogen, chlorine or sulfur. When the connections of
atoms result in long chains, like pearls on a string of pearls, the polymer is
called a thermoplastic. Thermoplastics are characterized by being meltable.
The thermoplastics all have repeat units, the smallest section of the chain
that 1s identical. We call these repeat units unit cells. The vast majority of
plastics, about 92 %, are thermoplastics.
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The groups of atoms that are used to make unit cells are called
monomers. For some plastics, such as polyethylene, the repeat unit can be
just one carbon atom and two hydrogen atoms. For other plastics, such as
nylons, the repeat unit can involve 38 or more atoms. When we combine
monomers, we generate polymers or plastics. Raw materials form
monomers that can be or are used to form unit cells. Monomers are used to
form polymers or plastics

When the connection of the carbon atoms forms two and three-
dimensional networks instead of one-dimension chains, the polymer will be a
thermoset plastic. Thermoset plastics are characterized by not being meltable.
Thermoset plastics, such as epoxy adhesives or unsaturated polyester boat
hulls and bathtubs or the phenolic adhesives used to make plywood, are
created by the user mixing two chemicals and immediately using the mixture
before the plastic "sets up" or cures.

The formation of the repeat units for thermoplastics usually begins
with the formation of small carbon-based molecules that can be combined
to form monomers. The monomers, in turn, are joined together by chemical
polymerization mechanisms to form polymers. The raw material formation
may begin by separating the hydrocarbon chemicals from natural gas,
petroleum, or coal into pure streams of chemicals. Some are then processed
in a "cracking process". Here, in the presence of a catalyst, raw materials
molecules are converted into monomers such as ethylene (ethene) C,Ha,
propylene (propene) C;Hg, and butene Cs;Hg and others. All of these
monomers contain double bonds between carbon atoms such that the
carbon atoms can subsequently react to form polymers.

Other raw material chemicals are isolated from petroleum, such as
benzene and xylenes. These chemicals are reacted with others to form the
monomers for polystyrene, nylons, and polyesters. The raw materials have
been changed into monomers and no longer contain the petroleum fractions.
Still other raw materials can be obtained from renewable resources, such as
cellulose from wood to make cellulose butyrate. For the polymerization step
to work efficiently, the monomers must be very pure. All manufacturers
purify raw materials and monomers, capturing unused raw materials for reuse
and byproducts for proper disposition.

Monomers are then chemically bonded into chains called polymers.
There are two basic mechanisms for polymerization: addition reactions and
condensation reactions. For addition reactions a special catalyst is added,
frequently peroxide, that causes one monomer to link to the next and that to
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the next and so on. Catalysts do not cause reactions to occur, but cause the
reactions to happen more rapidly. Addition polymerization, used for
polyethylene and polystyrene and polyvinyl chloride among others, creates no
byproducts. The reactions can be done in the gaseous phase dispersed in
liquids. The second polymerization mechanism, condensation polymerization,
uses catalysts to have all monomers react with any adjacent monomer. The
reaction results in two monomers forming dimers (two unit cells) plus a
byproduct. Dimers can combine to form tetramers (four unit cells) and so on.
For condensation polymerization the byproducts must be removed for the
chemical reaction to produce useful products. Some byproducts are water,
which is treated and disposed. Other byproducts are raw materials and
recycled for reuse within the process. The removal of byproducts is
conducted so that valuable recycled raw materials are not lost to the
environment or exposed to populations. Condensation reactions are typically
done in a mass of molten polymer. Polyesters and nylons are made by
condensation polymerization.

Different combinations of monomers can yield plastic resins with
different properties and characteristics. When all monomers are the same,
the polymer is called a homopolymer. When more than one monomer is
used, the polymer is called a copolymer. Plastic milk jugs are an example
of homopolymer HDPE. Milk is satisfactorily packaged in the less
expensive homopolymer HDPE. Laundry detergent bottles are an example
of copolymer HDPE. The aggressive nature of the detergent makes a
copolymer the right choice for best service function. Each monomer yields
a plastic resin with specific properties and characteristics. Combinations of
monomers produce copolymers with further property variations. So, within
each polymer type, such as nylons, polyesters, polyethylenes, etc,
manufacturers can custom make plastics that have specific features.
Polyethylenes can be made to be rigid or flexible. Polyesters can be made
to be low temperature melting adhesives or high temperature resistant
automobile parts. The resulting thermoplastic polymers may be melted to
form many different kinds of plastic products with application in many
major markets. The variability of the plastic either within plastic family
types or among family types permits a plastic to be tailored to a specific
design and performance requirements. This is why certain plastics are best
suited for some applications while others are best suited for entirely
different applications. No one plastic is best for all needs.
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Some examples of material properties in plastic product applications are:

— hot-filled packaging used for products such as ketchup;

— chemical-resistant packaging used for products such as bleach;

— 1mpact strength of car bumpers.
https://plastics.americanchemistry.com/How-Plastics-Are-Made/.

Text 11
The Structure of Polymers

As we have discussed, polymers can be homopolymers or copolymers.
If the long chains show a continuous link of carbon-to-carbon atoms, the
structure is called homogeneous. The long chain is called the backbone.
Polypropylene, polybutylene, polystyrene and polymethylpentene are
examples of polymers with homogeneous carbon structure in the backbone. If
the chains of carbon atoms are intermittently interrupted by oxygen or
nitrogen, the structure is called heterogeneous. Polyesters, nylons, and
polycarbonates are examples of polymers with heterogeneous structure.
Heterogeneous polymers as a class tend to be less chemically durable than
homogeneous polymers although examples to the contrary are numerous.

Different elements can be attached to the carbon-to-carbon backbone.
Polyvinyl chloride (PVC) contains attached chlorine atoms. Teflon
contains attached fluorine atoms.

How the links in thermoplastics are arranged can also change the
structure and properties of plastics. Some plastics are assembled from
monomers such that there is intentional randomness in the occurrence of
attached elements and chemical groups. Others have the attached groups
occur in very predictable order. Plastics will, if the structure allows, form
crystals. Some plastics easily and rapidly form crystals, such as HDPE
(high density polyethylene). HDPE can appear hazy from the crystals and
exhibits stiffness and strength. Other plastics are constructed such that they
cannot fit together to form crystals, such as low density polyethylene,
LDPE. An amorphous plastic typically is clear in appearance. By adjusting
the spatial arrangement of atoms on the backbone chains, the plastics
manufacturer can change the performance properties of the plastic.

The chemical structure of the backbone, the use of copolymers, and
the chemical binding of different elements and compounds to a backbone,
and the use of crystallizability can change the processing, aesthetic, and
performance properties of plastics. The plastics can also be altered by the
inclusion of additives.
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Additives

When plastics emerge from reactors, they may have the desired
properties for a commercial product or not. The inclusion of additives may
impart to plastics specific properties. Some polymers incorporate additive
during manufacture. Other polymers include additives during processing into
their finished parts. Additives are incorporated into polymers to alter and
improve basic mechanical, physical or chemical properties. Additives are also
used to protect the polymer from the degrading effects of light, heat, or
bacteria; to change such polymer processing properties such as melt flow; to
provide product color; and to provide special characteristics such as improved
surface appearance, reduced friction, and flame retardancy.

Types of Additives

— Antioxidants: for plastic processing and outside application where
weathering resistance is needed

— Colorants: for colored plastic parts

— Foaming agents: for expanded polystyrene cups and building board
and for polyurethane carpet underlayment

— Plasticizers: used in wire insulation, flooring, gutters, and some
films

— Lubricants: used for making fibers

— Anti-stats: to reduce dust collection by static electricity attraction

— Antimicrobials: used for shower curtains and wall coverings

— Flame retardants: to improve the safety of wire and cable coverings
and cultured marble

https.//plastics.americanchemistry.com/How-Plastics-Are-Made/.

Text 12
Primary Industrial Equipment of Chemical Production
and Its Selection

Chemical industry involves a great amount of all sorts of industrial
equipment which can be divided into the following classes:
e apparatuses;
« machines;
o transport facilities
Apparatus 1s an engineering installation which has working volume
and equipped with technological process power and instrumentation
control and monitoring facilities.
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Machine is an engineering installation in which technological
process behavior is accompanied with introduction of mechanical energy
in the working volume by means of equipment actuators.

Working volume (reaction space) is a place of technological process
behavior.

The second type of reactors has maximum high production capacity
and 1s less sophisticated in design, including technological process control
and monitoring facilities, but allows to get a very limited number of types
of final products.

Moreover, depending on its purpose all chemical equipment is
divided into:

1. Universal equipment — this equipment is used at enterprises as it
is, without being retrofitted. It is called general-purpose equipment or,
otherwise, all-factory equipment. It includes:

o aggressive media pumps (for more details see pumps);

o mixers, dryers, centrifuges and separators (for more details see
centrifuges);

o compressors (for more details see compressors);

o fans (for more details see fans and gas compression);

o filters, dust catching and gas treating systems (for more details
see filters and gas treatment);

o delivery facilities.

2. Special-purpose equipment 1s equipment which is used in one
technological oft different changes. It includes:

o heat exchange assemblies (for more details see heat-exchange
equipment);

o rectification (spacer liquid mixtures) columns;

o absorption apparatuses.

3. Dedicated equipment 1s equipment which 1s used only for
performance of one production process. It includes:

o calenders and calendaring machines (for more details see roller
machines, calenders);

o vulcanization presses (for more details see pressure equipment);

o granulators;

o shaft chlorinators;

o freeze-driers.
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Moreover process equipment is also divided into:

1. Basic equipment is machines, installations and apparatuses in
which different technological operations and processes take place
(physical-chemical, chemical, and so on), resulting in production of any
final product (or products).

Basic industrial equipment for chemical production includes the

following apparatuses:

o reaction-type — contact devices, reactors, shaft converters,
converters (ammonia production) and other devices;

o machines and apparatuses for performance of physical and
chemical operations and processes — heat-exchanging and evaporating
apparatuses, saturation towers, extractors, absorbers, roll mills, dryers,
presses, calenders and so on.

2. Auxiliary equipment is various reservoirs, tanks and storages.
Auxiliary equipment is designed for performance of additional production
processes. So auxiliary equipment provides storage and delivery of the
following substances:

o fluids;
o liquidized gases;
o Vapors;

o loose materials.

Thus auxiliary equipment includes tanks capable to store and
transport various types of substances and materials:

o TIeServoirs;

o gas holders;

o bunkers;

o silos.

It should be noted that any product (or products), as a rule, are
obtained not on a single, but on a number of equipment which represent
one integrated technological process. In addition, the change of chemical
composition or physical form takes place in each piece of this equipment
and, correspondingly, all machines and apparatuses which make up one
piece of equipment will operate under its individual operating conditions.
For normal technological process behavior each of these machines should
maximally correspond to the product being processed under such
parameters, as size, form and intrinsic property.

It follows that the type of machine or apparatuses is selected
according to the aggregate state, chemical properties, temperature, thermal
effect and pressure of substances being a part in the technological process.
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Equipment Classification by Process Category

Equipment of each manufacturing enterprise can be divided into
dedicated and general industrial equipment. Dedicated equipment is typical
for specific production and cannot be used in other technological
processes. General industry equipment has universal nature and it is
installed at all enterprises regardless of sector affiliation.

Processing equipment provides behavior of various technological
processes in manufacturing industries. By type of process that takes place
thanks to process equipment operation the latter are subdivided into classes:

o equipment implementing mechanical processes;

o equipment implementing hydromechanical processes;

o equipment implementing thermal processes;

o equipment implementing mass-exchanging processes;

o equipment implementing chemical processes.

Each individual class of process equipment is subdivided into groups
in accordance with functional purpose. Groups that include certain
technological apparatuses are commonly subdivided into types.

Classes of process equipment are subdivided into groups of apparatuses
in accordance with their functional purpose. The term "classification" implies
distribution of equipment by groups in accordance with purpose, nature and
organization of technological processes, performance (power), control
methods (manual, automatic, combined). Chemical production processing
equipment 1s dedicated equipment and intended for implementation of
successive chain of technological processes starting from preparation of
incoming fresh raw materials to final product fabrication:

o mechanical equipment used for preparation of fresh raw materials
for processing — crushing-grinding (crushers, mills), screening (sifting
machines, separators, sieves, sorters), as well as feeders, dispensers;

o hydromechanical equipment for purification of fresh raw materials
against impurities, using different densities of its components.
Hydromechanical processes:  centrifuges, separators, sedimentation
reservoirs, cyclones, hydrocyclones, filters, scrubber;

o equipment for air and electromechanical cleaning — cyclones,
scrubbers, direct-action filters, electrical, catalytic, etc.;

o thermal processes: heat pipes and furnaces, plasmatrons,
regenerative and open-type heat exchangers, crystallization and evaporation
apparatuses; Thermal (heat) equipment — dryers, regenerative heat
exchangers, plasmatrons, recuperators, regenerators;
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o mass exchange processes: adsorbers, dryers, apparatuses for
diffusion and baromembrane processes, desalinization and dissolution
equipment, ion-exchange apparatuses, rectifiers, extractors, dissolvers,
neutralizers, membrane equipment, and others;

o chemical processes: furnaces for implementation of chemical
processes and chemical reactors.

The above-listed groups of equipment make it possible to
decontaminate fresh raw materials, bring it to homogeneous state by
mechanical, physical and chemical properties for further treatment. Final
product is obtained in the next group of process equipment under
generalized term "chemical reactor". Depending on the nature of processes
that take place in them, the reactors can be of cold and hot type.

Chemical reactions which proceed under natural conditions are
carried out in cold reactors. If high temperatures or catalysts are required in
order to obtain a product, then furnaces, autoclaves and special vessels are
used as reactors. In its turn, groups of equipment are distributed into types
(by mode of operation, type of drive, etc.), and those in its turn — into
standard sizes (by overall dimensions, power, efficiency).

For accompanying technological processes auxiliary equipment is
intended — it provides collection and storage of by-products, delivery and
accumulation of fresh raw materials and final product (reservoirs, gas holders,
bunkers, etc.). According to the method of influence on raw materials
chemical reactors are divided into apparatuses and machines. Apparatus is
called a facility inside of which operation zone (chemical reactions space)
locates, where technological process proceeds without involvement of
mechanical devices. If normal process flow requires additional mechanisms
(agitators, rippers and so on), apparatus becomes a machine.

Description and Classification of Machines

Depending on the technological process structure and final product
range, chemical reactors are subdivided into apparatuses and machines of
continuous or periodic action.

Apparatuses and machines of periodic action make it possible to
manufacture different types of products close in composition (for example,
polymers) using the same equipment. Change-over of such reactors requires
minimal consumption of time and means. Manufacturing flexibility is a major
advantage of intermittent action equipment.
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According to principle of technological process structure the
machines are commonly divided into equipment of continuous and
intermittent action.

o In intermittent action machines different technological process
stages proceed within one working volume, but with different time
intervals. The key advantage of such equipment is degree of flexibility, i.e.
ability to quickly change-over from one type of product to another without
degrading its quality.

o In continuous action machines different technological process
stages proceed within different working volumes, but at one and the same
time interval. The key advantage of such equipment is relatively low metal
and power intensity, simplicity of design and high performance.

According to automation level the machines are commonly divided
into the following types:

« ordinary machines (operates under operator's control) with simple
(manual) control which entirely depends on operator’s experience,
knowledge and skill;

« semi-automatic machines (they perform basic operations thanks to
installed program, while operator's functions include loading/unloading,
control and adjustment); semi-automats are the equipment with several
programmed functions or operating modes, for the selection of which
the operator is responsible;

« automatic machines (all operations after loading and activation are
carried out independently according to the installed program);
automats provide full cycle of product manufacture (starting from
loading of raw materials to issue of final product), and if they go
beyond programmed range of parameters the technological process is
interrupted on its own;

« adapting machines (perform logical operations taking into account
various conditions). More advanced systems of equipment control
can take into account changing conditions of technological process
behavior and independently correct operation in accordance with the
current situation.

https://ence-gmbh.ru/en/tech_chemical processing equipment/.
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Text 13
Green Chemistry

In the early 1990s the term green chemistry was introduced by the
Environmental Protection Agency, an agency of the US Government. The
EPA produced a set of 12 principles to guide the chemical industry and in
this unit some of these principles will be explained, using wherever
possible examples taken from subsequent units dealing with the
manufacture of chemicals. These examples illustrate how the search for
ways of meeting these principles i1s a continuing activity. In many
instances, changes which reduce the environmental impact of a process
also lead to an increase in the profitability of the process. For example, if a
new catalyst is developed that reduces the operating temperature and
pressure for the process, less energy is consumed which is good both for
the environment and for the company.

Prevention. Manufacturers try to generate as little waste as possible,
through reaction choice, process design and recycling. Industry aims to use
chemical reactions and processes that make the most effective use of
available resources and generate the smallest possible amount of waste
material. But can prevention be assessed quantitatively?

One way of measuring the efficiency of a process is to calculate the
yield, which compares the expected product quantity with the actual
amount obtained (although some potential product may be 'lost' as a result
of competing reactions).

An example is the manufacture of phenol. It used to be made from
benzene using sulfuric acid and sodium hydroxide in a multi-stage process,
which, overall, can be expressed as

CgHg + Ho,SO,4 + 2NaOH —> CgHs0H + Na,SO5 + 2H50.

The chemical equation shows that 1 mol of benzene (78 g) should
yield 1 mol of phenol (94 g). In practice, the quantity of phenol produced is
found to be about 77 g, giving a yield of 82 %, which may be regarded as
quite good (yield % = mass produced / mass expected x 100 %).

However, the calculation obscures the fact that the reaction also
generates 1 mol (126 g) of sodium sulfite for each mole of phenol
produced. This may be acceptable if there is enough demand for sodium
sulfite, but if not, it presents a serious problem of waste management and
adds significantly to costs, meaning that this may not be the most suitable
reaction for manufacturing phenol.
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Atom economy. As an alternative measure to yield, the concept of
atom economy 1is used, considered to be one of the key ideas behind the
concepts of green chemistry. This expresses the proportion of reactant
atoms that end up in a useful product, measuring the number of atoms of
the starting materials that end up as products that are wanted and the
number that end up as waste. Atom economy is defined as

Atom _ Relative molecular mass of desired products | 100%

economy % Relative molecular mass of all reactants
The nearer the value is to 100, the less the waste will be.

This calculation gives an atom economy of only 37 % for the
manufacture of phenol by the old process (assuming sodium sulfite is
waste), a clear indicator that it was wise to develop an alternative process.

The manufacture of phenol is generally from benzene and propene,
again in consecutive processes which can be expressed, overall, as

C6H6 ea CH3CH=CH2 e 02 — > C6H5OH o3 CH3COCH3

The co-product is propanone which is a valuable chemical and so the
atom economy for this process can be regarded as 100 %.

Some reactions that have 100 % atom economy have poor yields and so
it 1s necessary to consider both measures of efficiency, yield and atom
economy. Atom economy is determined in the planning stage, by calculation,
while yield can only be found experimentally.

In organic chemistry, some types of reaction have inherently better
atom economies. Addition, condensation and rearrangement reactions will
generally have higher atom economies than either elimination or substitution.
For example the addition of chlorine to ethene, to form 1,2-dichloroethane
(an important reaction in the manufacture of poly(chloroethene) (PVC)) has
an atom economy of 100 %:

H,C=CH, + Cl, —> CICH,CH,CI.

However if the product is hydrolyzed, the atom economy falls:

CICH,CH,CI + 2H,0 —> HOCH,CH,OH + 2HCI.

The first 1s an addition reaction; the latter 1s a substitution reaction.

Less hazardous chemical synthesis. The family of polycarbonates
contains very important polymers which are used where high optical
properties combined with strength are needed. The polycarbonate most

used is manufactured from bisphenol A, whose structure is
T

g tig™
CHj
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The polycarbonate is manufactured by a condensation reaction
between bisphenol A and either carbonyl chloride or diphenyl carbonate.
Carbonyl chloride is a very poisonous gas, manufactured from other

hazardous gases, carbon monoxide and chlorine:
Cl
N
CO(g) + Clx(g) —>Cl C=0(9)

(COCl,)

On the other hand, diphenyl carbonate is produced from dimethyl
carbonate, which is readily manufactured from methanol, carbon monoxide
and oxygen in the liquid phase, in presence of copper(Il) chloride, CuCl,:

CuCl, CH3O\

2CH30H(l) + 7205(g) + CO(g) —> /C=O(I) + H,O(l)

CH30
dimethyl carbonate

Dimethyl carbonate, when heated with phenol in the liquid phase,

forms the diphenyl carbonate:

OH
CH30\ O

Jc=0() + 2 1) Nc=0(l) + 2CH,0H()

CH40 o
phenol
diphenyl carbonate

Overall, the process for the production of polycarbonate that uses
diphenyl carbonate is less hazardous than that using carbonyl chloride.

Designing safer chemicals. Underlying the concept of green
chemistry is the desire to produce chemicals that are as useful as possible
whilst also being both safe for us to use and safe for the environment.
Safety refers to both flammability and toxicity. For example, polymers
have been developed which are much less flammable than the more well
known polymers but also retain properties such as toughness. They must be
able to absorb severe impacts without cracking and breaking. One such
polymer is polyphenylsulfone which has the formula:

+- OO0}

polyphenylsulfone
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It is also important that chemicals that are produced are safe for the
environment. Some products are specifically intended to be spread on soil,
used in water, sprayed in the air or ingested by people; others, like washing
detergents, may end up in water courses or in household waste for landfill. In
both these cases, the material should degrade to harmless products.
Detergents used to be based on the sodium salts of alkylbenzene sulfonic
acids, and the alkyl group was branched. These were not degraded naturally
in sewage works and caused foaming which made the sewage difficult to
manage. Now these compounds have been replaced with sodium salts of
linear alkylbenzene sulfonic acids, which are readily degraded. Their
production is not simple and it took much research to develop it.

Another development to help the environment was the replacement of
the compounds added to detergents to remove magnesium and calcium ions
from hard water, known as builders. Sodium phosphates were used for this
purpose but these caused considerable problems leading to eutrophication of
water courses. Now zeolites (aluminosilicates) are used which are benign.

Further examples are the pyrethoid pesticides which have the duel
benefits of breaking down in sunlight in 2 — 3 days and have much lower
acute toxicity to humans than phosphorus, or chlorine-based pesticides.

Safer solvents. Reactions that occur in the gas phase are preferable as
they avoid the use of solvents to bring the reactants together. Examples
include the manufacture of ammonia, the manufacture of methanol and the
manufacture of ethene.

Some reactions use water as a solvent, for example in the manufacture
of mnorganic compounds such as hydrogen peroxide, phosphoric acid, sodium
carbonate, and organic compounds such as ethane-1,2-diol and ethanol.
Water is not a harmful solvent but it is a precious resource and it is important
to ensure that it is not wasted.

In the manufacture of ethanoic acid, the product itself is used as the
solvent. However, other reactions use organic solvents which readily
evaporate into the atmosphere unless great care is used to contain them.
Wherever possible alternative solvents are used which are not harmful, one
example being the development of water-borne paints, which are replacing
paints that use volatile organic compounds such as the hydrocarbons which
are harmful to the atmosphere. Supercritical (liquid) carbon dioxide is
widely used as a solvent in the extraction of caffeine from coffee beans and
in the latest drycleaning equipment it replaces chlorinated solvents such as
perchloroethene, C,Cla.
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Energy efficiency and use of waste materials. All manufacturing
processes need energy to convert raw materials into useful products. In the
chemical industry it is used to heat reactants and in processes such as
distillation, product drying, electrolysis, and treatment of waste.

At present, the energy used still relies mainly on fossil fuels, but
even so the use of these can be reduced in several ways.

Maintenance | Good insulation and well-maintained equipment will reduce heat
and recovery | loss, and any waste heat can be used for warming offices and
producing hot water rather than being lost to the atmosphere. In
some cases this heat may be shared with a local community by
piping hot water from the site.

Reaction Reactions and catalysts that operate at lower temperatures may be

choice and chosen. Most reactions based on biosynthesis work at relatively low

conditions temperatures; however this may need balancing with the extra
energy often needed for product separation.

Combined Manufacturing sites often generate their own electricity, rather than

heat and buying from the grid. This is more efficient as it eliminates

power (CHP) | transmission losses, and the excess heat released during the
generation process can be used on site for many different purposes
from pre-heating reactants to keeping offices warm.

Waste often has energy content, and it may be possible to convert
this to a useful fuel. Waste solvents from the manufacture of paints,
varnishes, adhesives, inks, cleaning fluids and so on are made into a liquid
fuel for use by the cement-making industry. A solid fuel is also made from
shredded carpets, packaging, furniture, plastics and paper, most of which
would otherwise be destined for landfill.

Old vehicle tyres can no longer be sent to landfill in the EU. Many
are shredded and used as a fuel by the cement industry. A single plant may
consume as many as 250,000 tyres annually.

All fuels of this type must meet strict criteria before use to prevent
the production of harmful combustion products, and constant monitoring is
essential to ensure the emissions remain within legal requirements.

Traditional processes are being overhauled and more energy efficient
ones substituted. Catalysts are being developed so that a process can be run
at lower temperatures and pressures (high temperatures and pressures are
very energy consuming.

Similarly, the development of molecular sieves means that processes
such as the purification of ethanol can be carried out at ambient temperatures
instead of by distillation.
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Some industries co-operate to make better use of energy. For
example, the production of ammonia generates both waste heat and carbon
dioxide, both derived from fossil fuel. One UK manufacturer pipes these to
large commercial tomato greenhouses, greatly extending the season during
which the plants may be grown economically. As well as saving fuel for
heating greenhouses, fewer tomatoes need to be imported (saving 'air
miles') and the time between picking and purchase is shorter, giving
consumers fresher produce.

This use of waste carbon dioxide has recently been enhanced in
Iceland in a particularly exciting development. The country is one of the
pioneers in building power stations based on geothermal power. In
geothermal power stations super-heated steam generated deep underground
when water comes into contact with heated rock or magma from the earth's
mantle is extracted through a series of boreholes and piped into a turbine,
where the steam 1s used to generate electricity.

Small amounts of carbon dioxide and other gases such as hydrogen
sulphide are emitted from the geothermal areas. In one area in Iceland, the
gases from a power plant are piped to an adjacent installation where carbon
dioxide is separated from other non-condensable gases and used as an
input to a process, where hydrogen and carbon dioxide are passed over a
solid catalyst under high pressure to produce renewable methanol. The
hydrogen 1s made by electrolysis of water using electricity from hydro and
geothermal power sources. This green methanol can be blended directly
with standard petrol or can be used in esterification of vegetable oil or
animal fats to produce biodiesel (Fatty Acid Methyl Ester).

Renewable feedstocks. There are many developments aiming to
reduce the dependence of the chemical industry on oil. These are discussed
in detail in units devoted to biotechnology, biofuels and biorefineries.

Renewable resources are theoretically inexhaustible, and the range of
materials being manufactured from such sources continues to grow.
Examples on this website describe the production of a variety of
compounds including the production of:

« surfactants are made which are readily biodegradable, and in
some cases are manufactured from renewable plant-derived resources such
as carbohydrates (sucrose, glucose) or plant oils.

« polyols, from soya, which are used to make polyurethanes.

« cethene from bioethanol, and which is used to make bio-
based poly(ethene).
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« propene is being produced by a variety of ways from materials
produced in turn from biodegradable resources, The propene is used to
manufacture bio-based poly(propene).

o 1,4-dimethylbenzene (para-xylene), from bio-based ethene, can
be used to make polyesters.

« a wide range of chemicals can be produced in chemocatalytic
(bioforming) reactions, for example, hydroxymethylfurfural, HMF:

HO/\@A\Q

This can be oxidised to a dicarboxylic acid

HO OH

O
which can be used in place of benzene-1,4-dicarboxylic acid (terephthalic
acid) and co-polymerised with a diol to make a polyester with similar
properties to polyethylene terephthalate (PET).

Catalysis. Catalysts have played a huge part in the development of
more sustainable processes for the manufacture of chemicals. There are
many advantages in developing and using catalysts for industrial reactions,
some important ones being:

« they affect the conditions that are needed, often reducing energy
demand by lowering the temperature and pressure used

« they enable alternative reactions to be used which have better
atom economy and thus reduce waste

o 1t 1s possible to control reaction pathways more precisely,
reducing unwanted side products and making it easier to separate and
purify the required product.

Attention is drawn in the twelve principles to the benefits of catalysts
compared to stoichiometric reagents which are necessary for the reaction to
take place but which cannot be recovered. For example, aluminium chloride
was used for many years in the production of alkylbenzene sulfonates, an
active surfactant in many detergents. The aluminium chloride was needed to
effect the reaction between benzene and a long chain alkene. The aluminium
chloride could not be recycled and became waste as aluminium hydroxide
and oxide. Now a solid zeolite catalyst with acid groups is used and can be
reused time and time again with no waste products.

74 X’

O O
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Similarly, benzene and propene are converted into cumene in the
manufacture of phenol. This reaction needs an acid catalyst, such as
aluminium chloride. A solid zeolite with acid groups, such as ZMS-5 is
now the favoured catalyst:

@ + CH3CH=CH2 catalyst

The zeolite i1s more environmentally friendly as the effluent is much
cleaner and lower temperatures and pressures can be used.

Another similar example is in the manufacture of one of the most
important polymers used to make fabrics, polyamide 6 (sometimes known
as nylon 6). In this process cyclohexanone is converted into caprolactam
via the oxime (produced by the reaction of the ketone with hydroxylamine
hydrogensulfate). The oxime is isomerised by sulfuric acid to caprolactam,
the released sulfuric acid is converted to ammonium sulfate.

H
HCCCH

OH
- 0] H
R i C-N
NH,OH"HSO, 20 % oleum
> '
400 K heat U
cyclohexanone caprolactam
oxime

However, again a zeolite catalyst, with acidic sites, is now being
used to effect the rearrangement. The zeolite is regenerated and saves the
use and subsequent waste of sulfuric acid.

Another example is the removal of chlorine from effluents in sewage,
which is usually present as the chlorate(I) (hypochlorite) ion. The ions are
present because chlorination remains the most common form of waste
water disinfection. However, this can lead to chlorination of residual
organic material in the sewage, leading to chlorinated-organic compounds,
which may be carcinogenic or harmful to the aquatic species.

One way of doing this is to reduce the hypochlorite ion to a chloride
ion by adding solutions of nickel, iron or cobalt ions to the waste stream in
stirred or agitated tanks. Another is to react the sewage with sulfur dioxide
or a salt that will react with water to form it. Sulfur dioxide reduces the
hypochlorite ion to chloride. However, it is not easy to handle and any
escape can be very harmful.
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A new process, known as HYDECAT (the Hypochlorite
Decomposition Catalysis) uses very finely divided nickel dispersed on an
inert solid. These pellets are on beds through which the effluent passes.

There is large surface area of the metal exposed to the effluent and
the nickel leads to the reduction of the hypochlorite ion to the chloride ion
and oxygen gas. The overall reaction is

20CIT — 2CI" + Os

During the reaction the hypochlorite ion 1s adsorbed onto the catalyst
surface where it is broken down to give a chloride ion with the oxygen
atom, remaining on the catalyst surface, combining with an adjacent
oxygen atom to form an oxygen molecule. The adsorbed oxygen atom can
also oxidise harmful chlorinated-organic compounds. The catalyst can be
readily regenerated.

The Hydecat process was originally designed to remove hypochlorite
byproduct from waste streams generated during chlorination processes
where sodium hydroxide scrubbers are used to remove excess chlorine, for
example in the production of chloroethene (vinyl chloride), titanium
dioxide (by the chloride route) and chlorofluorocarbons.

Design for degradation. Among the best known materials that are
being produced intentionally for a limited life are degradable plastics. The
new generation of surfactants, the alkylbenzene sulfonates have also been
designed for rapid degradation.

Inherently safer chemistry for accident prevention. The impact of
chemicals on human health and the environment can be the result of

« routine or accidental emissions during production;

« the use and disposal of a product.

It is not in the interest of any industry to waste resources or endanger
its workforce, and this is as much an incentive to reduce emissions as are the
legal requirements placed upon manufacturers. Some processes of necessity
need the handling of dangerous materials but wherever possible industry is
attempting to make this safer. One way is to alter the reagents used.
For example, one process used in the manufacture of the most widely used
herbicide, glyphosate (sold as Roundup), uses the sodium salt of
2,2'-iminodiethanoic acid as one of the intermediates. This is made in a
series of reactions from ammonia, methanal (formaldehyde) and hydrogen
cyanide. Although hydrogen cyanide is a very useful reagent, it is extremely
toxic. A recent innovation has been the introduction of a new route to the
sodium salt.
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The starting materials are ammonia and epoxyethane, which, on
reacting, form 2,2'-iminodiethanol, often named diethanolamine. This is
then converted to the sodium salt of 2,2'-iminodiethanoic acid:

Q
2(H C/—\CH )+ NH3—> HO ~ -CHo \~CHo oy ~OH
2 2 CHy ITI CHy

epoxyethane
H
2,2’-iminodiethanol
(diethanolamine)
glyphosate O§C/CH2\ N/CHz\CéO
<
herbicide Na*® | ! | Na*

sodium salt of 2,2’-iminodiethanoic acid

Thus in the event of an accident, the consequences would not be as
serious, and clean-up would be simpler.

A manufacturing site will also generate waste in the form of
unwanted material from the production processes; this may include
solvents for reaction, extraction, purification and waste treatment. Solvents
can often be recycled or, where this is not feasible, may be used as fuel
substitutes (see above). Other waste may ultimately end up in landfill, and
this is when the nature of the waste is important.

Many products are disposed of when they reach the end of their
useful life. The ideal would be for all such waste to be recycled, rather than
it ending up in landfill, though this i1s more dependent on the willingness of
consumers to take responsibility. Products that are likely to go to landfill
should be designed so they degrade rapidly and safely.

Cradle to grave. This unit has concentrated mostly on the changes
that are being made to industrial production processes to make them more
consonant with the principles of green chemistry. However a consideration
of the environmental impact of a product from the time it is made until it is
no longer required also requires a more detailed account of recycling and
the degradation of disposed material (particularly plastics).

http.//'www.essentialchemicalindustry.org/processes/green-
chemistry.html.
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CONCLUSION

DTa KHUTa — CBO€OOPa3HBI BBOJAHBIN KYpC B XUMUYECKYIO TEXHOJIO-
TUI0 Ha aHTJIMHACKOM S3bIKE, MPEALIECTBYIONINI TPAaJIULMOHHBIM PYCCKO-
S3BIYHBIM Kypcam, OOBSICHSIOIIUM MAacCOINEPEHOC, TeINIOOOMEH U ApPYrue
bu3nUecKue SBJICHUS MTPUMEHUTEIBLHO K XUMUYECKOW TexHosoruu. M3na-
HUE€ aJpECOBAHO CTYJICHTaM, PELIMBIINM H3y4aTh XUMHUYECKYI) TEXHOJIO-
ruto. Llenb mocoOust — HEe TOJIBKO PAa3BUTh HABBIKM YTEHUS, TOBOPEHUS U
NMChMa HAa aHTJIMICKOM S3bIKE, HO M MOMOYb B OCBOCHHMH CJIOKHOM IpO-
rpaMMbl, 00beIUHSIONENH B ceObe (QU3UKY, XUMUIO0, MAaTEMATUKY U JAPYTHE
HAYKH.

Nudopmanivsi 0 KOMIUIEKCHOW MPUPOAE XUMHUYECKOW TEXHOJIOTHH,
MaTepuantax U TEXHHMUYECKUX IMpOIeccax OTPACU, IKOJIOTMYECKUX MpoodIie-
Max, CBSI3aHHBIX C XHMHYECKUM MPOU3BOACTBOM, O MpodecCHoHAIbHOU
TUKE W KOMIIETEHLHUAX, HEOOXOIUMBIX ISl MPO(ECCHOHAIBHOIO POCTa,
MpeCTaBIeHHAas: B yUeOHOM MOCOOMM Ha aHTJIUUCKOM S3bIKE, (OPMUPYET
OCHOBY MPO(ECCUOHATBHOT0 OOLIEHUS € 3apyOeKHBIMU MAPTHEPAMH.

JI71st TOro 4TOOBI HE YTPATUTh OOPETEHHBIC 3HAHUSA U HABBIKU, HAJO
MPOJOJIKUTh YBJIEKATEIbHOE IMYyTEIIECTBUE B MHUP AHIJIUMHCKOTO S3bIKA.
Kuauru, Buseo, cailThbl, COIMAIbHBIE CETU MOMOTYT YYalllUMCSl JABUTATHCS
Jajplie, MO3TOMY HHUKOT/IA HE CIEAYET OCTAHABIMBATHCS HA JOCTUTHYTOM
pe3yJibTaTe.
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