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Unit 1
1. IlpocmoTpuTe creayronyge ciaoBa, OHM IOMOTYT BaM B paboTe Haj
TEKCTOM:
strength - npouHocTh
toughness - BA3KOCTb
to recycle - nmepepabaTbiBaTh
to dump - cBanuBaTh (CKIATUPOBATH)
pure - yucThIi (6€3 MPUMECH)
treatment - 00paboTka
melting point - To4Ka rjIaBICHUS
hardening - 3akayka, 3aTBepcBaHKE
tempering - OTIYCK, 3aKaJIKa C MOCIEAYIOIIUM OTITYCKOM
to withstand - Bbiep>KUBaTh (POTUBOCTOST)

2. [IpounTaiiTe TEKCT, HAUAUTE OTBETHl HA CIEAYIOIIUE BOIPOCHL.
[TomHUTE, 9TO BaM HE HY>KHO TTOHMMATh KaX0€ CJIOBO.

1) What is the main advantage of metals?

2) Can plastics be recycled?

3) Which type of heat treatment makes metal softer and less brittle?

4) Why are Concorde’s engine surroundings made of titanium alloys?

Why does man use metals still so much today when there are other
materials, especially plastics, which are available? A material is generally
used because it offers the required strength, and other properties, at
minimum cost. Appearance is also an important factor. The main
advantage of metals is their strength and toughness. Concrete may be
cheaper and is often used in building, but even concrete depends on its
core of steel for strength.

Plastics are lighter and more corrosion-resistant, but they are not usually
so strong. Another problem with plastics is what to do with them after
use. Metal objects can often be broken down and the metals recycled;
plastics can only be dumped or burned.

Not all metals are strong, however. Copper and aluminium, for example,
are both fairly weak - but if they are mixed together, the result is an alloy
called aluminium bronze, which is much stronger than either pure copper
or pure aluminium. Alloying is an important method of obtaining
whatever special properties are required: strength, toughness, resistance
to wear, magnetic properties, high electric resistance or corrosion
resistance.

The properties of a metal can be further improved by use of heat
treatment. Heat treatment is the term given to a number of different
procedures in which the properties of metals and alloys are changed. It
usually consists of heating the metal or alloy to a selected temperature
below its melting point and then coking it at a certain rate to obtain those



properties which are required. For example, hardening is used to make
metal harder. Tempering makes them softer and less brittle. Annealing is
carried out to make a metal soft so that it can be machined more easily. In
this way, metallic materials can be produced to meet every kind of
engineering specification and requirement.

When Concorde was built a material was needed which could withstand
extreme aerodynamic conditions and would have a life of at least 45,000
flying hours. To achieve this, a special aluminium alloy was developed
which is tough and lightweight and used in over 70% of Concord’s
structures. Another 16% 1s made of high-strength steel, and titanium
alloys are used in the engine surroundings to withstand temperatures of
4000 degrees centigrade.

3. llonmonHWTE CBOM CIIOBAPHBIN 3amac.

a) CBOIMCTBA MaTEPHAJIOB:

strength - mpouHocTh; toughness - BSA3KOCTB; corrosion resistant —

COIIPOTUBIICHUE KOPPO3UU

Haiinutre B TekcrTe eme AEBATH CIOB, KOTOpbIE 0003HAYAIOT CBOMCTBA

METaJIOB.

(b) Hanumure 3Hauenus cieAyoomux cioB. Mcnonb3yiite cioBapb, eciu
9TO HEOOXOIUMO.
Loosen; tighten; stiffen; brighten; cool.

c) CymiecTBUTENbHBIE W TpWiarareiabHbie. JlalTe mpaBuiibHyo (Gopmy
HEJOCTAIOIIUX CJIOB:

CyiiiecTs. ITpunarar.
strength strong
resistance -

- tough
hardness -

4. Tlepenenaiite cieayromniye npeaioxkeHus, ucnonb3ys the Passive Voice
BMmecTo the Active Voice.

Model: We use hardening to make metals harder (The Active Voice).

Hardening is used to make metals harder (The Passive Voice).

1) We rarely find pure metals in nature.

2) We recover metallic ores from the earth in many ways.

3) We obtain lead from a mineral.

4) You need a lot of electrical energy to separate aluminium from the
oxygen in aluminium ore.

5) If we add lead to molten tin and then cool the mixture, we find that the
freezing point of the mixtures is lower than the freezing point of both
lead and tin.



Unit 2
1. IlpocmoTpuTe creayrone ciaoBa, OHM IOMOTYT BaM B paboTe Haj
TEKCTOM:
1) brass - n1aTyHs, xenTast MEIb
2) dilution - paz:xmKkeHue, paCTBOPECHHE
3) rivet - 3aKiemnka
4) chip - ctpyxka
5) forging - KoBKa
6) alloy - cruaB
7) spring - py»XHuHa
8) application - npuMeHeHUe

2. Kakwue cioBa 00pa3yroT TEPMUHOJIOTHUECKHE CIOBOCOYCTAHUS

a) various a) brass

b) increasing b) pressing

c) free-cutting c) operations

d) hot d) range

¢) machining €) proportions

f) wide f) speeds,
amounts

3. IIpocmoTpHuTE TEKCT.
Brass

Brass is an alloy of copper and zinc in various proportions. The
colour of brasses varies widely with the composition. When increasing
amounts of zinc are added to copper, the resulting brasses show a range
of colour from copper red which persists for about 5 pct of zinc through a
bronze colour at about 10 pct, a golden colour at about 15 pct and
increasing dilution of colour to the typical brass yellow at 30 pct of zinc.
With more than 38 pct of zinc (alloy obtainable only in rod form) the
alloy again takes on a buff red cast. The question of colour is
tremendously important in some applications, particularly costume
jewelry, fuse boxes, architectural trim and so forth.

Red brass, containing 85 pct of copper, 1s the most important of the
nonleaded brasses, being produced in very large quantities in all the
common forms but particularly favoured for pipes for use in plumbing,
because of its high resistance to corrosion.

A 90-10 mixture, commonly known as commercial bronze because
of its colour, finds a wide field of application for such things as angles,
channels, costume jewelry, screws, rivets, and many others.

The alloy that is used in greater quantity than all others in this group
combined is free-cutting brass, containing 61.5 pct of copper, 3 of lead
and 35.5 of zinc. It can be cut at high speeds with low tool pressure,



causing minimum rate of tool wear and with very short chips that clear
the tool well. However, since free-cutting brass does not lend itself
particularly well to cold-working procedures often required in addition to
machining operations, a medium-leaded or high-leaded brass, might be
used in preference.

Where hot pressing or hot forging is to be used as the principal
shaping procedure, forging brass containing nominally 60 pct of copper, 2
of lead and 38 of zinc is the most suitable. This alloy, which is extruded
readily, also can be forged into shapes over a wide range of temperature,
and the 2 pct of lead facilitates extensive and ready machining there
after.

The aluminium brass is more specifically used where high water
velocities are encountered, as for instance in marine condensers, being
highly resistant to so-called impingement attack.

The plain and leading naval brasses and manganese bronze are
widely applied where a high-strength structural material resistant to salt-
water corrosion is needed. In point of strength, the manganese bronze is
distinctly superior to the naval brasses.

Phosphor bronzes containing 5,8, or 10 pct phosphorus are the
preferred alloys for springs or other applications requiring high strength,
great resilience, and corrosion resistance. The 1.25 pct phosphorous
bronze finds its application in electrical contacts, flexible hoses.

Bri6epute npaBUIIbHBIN OTBET B COOTBETCTBUHU C COJICPKAHUEM TEKCTA.
1. The colour of brasses varies widely with the composition.

a) It is right; b) It is wrong; c) It is not mentioned in the text.
2. Red brass, containing 85 pct of copper, is not important.

a) b) C)

3. The silicon bronzes are general-purpose structural alloys of very wide
applications where a combination of high strength, great toughness,
resistance to corrosion, and other properties are essential.

a) b) c)

4. Where hot pressing or hot forging is to be used as the principal shaping
procedure, forging brass is the most suitable.
a) b) C)

5. A 90-10 mixture, commonly known as commercial bronze, doesn’t
find a wide field of application for many things.

a)b) ¢)

4. IIpocMmoTtpure TekCT eure pas. [loctapaliTech OTBETUTH Ha BOIIPOCHI.
1) How many types of brass do you know?

2) What are they?

3) What alloy is used where high water velocities are encountered?

4) Why are phosphor bronzes the preferred alloys for springs?



5. IlepeBequte ciaeayronmii TEKCT 3a 15 MUHYT CO CIIOBApEM.

Tin, aluminium admiralty (AntomunueBas natynb) and aluminium brass
are used almost exclusively for heat-exchanger tubes, primarily because
of their high resistance to most conditions of corrosion encountered in
such service. The admiralty alloy is now usually modified by the addition
of a few hundredths of one per cent of an element from the group
including antimony, arsenic, phosphorus, and silver, for the purpose of
removal of zinc by corrosion, leaving spongy metal, which otherwise
might occur under some conditions of operation. The aluminium brass is
now currently made with an inhibitor, as the admiralty mixture is.



Unit 3
1. [IpocmoTpuTe CcleayrONIMe CI0Ba, KOTOpPbIE BaM TIOMOTYT TOHSTh
tekcer <’Copper’’.
malleability - koBKOCTB
ductility - 3;macTHYHOCTH, KOBKOCTb, TATYYECTh, BI3KOCTh
to roll - kaTathb
annealing - oT>xur
tenacity - TBepJIOCTh, BA3KOCTbh, MPOYHOCTh
specific - ynenbHbIi
solidification - 3aTBepaeBaHue, CXBaThIBAaHUE, 3aCTHIBAHUE
to volatilize - yneryunBaThCs, UCIAPATHCS, PACTBUISITH
to surpass - MPeBOCXOIUTh, IPEBBIILIATh, IEPETOHSAThH
impurity - mpumech
atomic weight - aToOMHBI1 Bec
moist - BIaKHbBIN

2. IIpocmotpure teker ’Copper’” W HaWguTE OTBETHI HA CIIECIYIOLIHE
BOIIPOCHI.

1) What physical properties of copper do you know?

2) What is the melting point of copper?

3) What is the range of the specific gravity of copper?

4) What happens with copper when heated to near its melting point?

5) How do impurities influence the electric conductivity of copper?

6) Is copper an excellent conductor of heat?

7) What changes does copper undergo when heated to redness?

Copper

Physical properties. - Copper is distinguished by its red colour from
all other metals. Malleability and Ductility. -It can be rolled into very thin
sheets, beaten out into leaves and drawn into the wire, and thus possesses
the properties of malleability and ductility in a high degree. By cold
rolling or other mechanical treatment it becomes hard, but its
malleability is regained by annealing. Tenacity. - Its tenacity when cast is
8 to 10 tons per s.i.; when rolled or drawn 16 to 23 tons or even more,
according to the amount of mechanical treatment it has received.

Specific Gravity - The specific gravity of pure Cu, rolled, forged, or
drawn, and afterwards annealed, may be taken as 8.89 at 20°C, but that
of ordinary commercial copper usually ranges from 8.2 to 8.6.

Action of Heat. - The melting point of Cu lies somewhat about
1,083°C.

When molten it is rapidly oxidized with the formation of cuprous
oxide (Cu,0O), which dissolves in the metal. It also absorbs hydrogen,
carbon, monoxide, and sulphur dioxide, which are given off during
solidification part, however, remains in the metal producing more or less



porosity. The metal is not volatilized at the temperature of ordinary
furnaces, but readily in the electric furnace, its boiling point being about
2,100°C. When heated to near its melting point it becomes so brittle that
it may be easily powdered.

Electric Conductivity - As a conductor copper is only surpassed by
silver, and hence is largely used for electric wires and cables. Its electric
conductivity is 976 if silver be taken as 1000. This is greatly reduced by
the presence of impurities, especially by cuprous oxide, phosphorus,
arsenic, antimony, and silicon.

Conductivity for heat. - Copper is an excellent conductor of heat,
and in this property is about two and half times more efficient than iron.
Atomic weight is 63.57.

Chemical Properties. -

Copper undergoes no change in dry air at ordinary temperatures, but
in moist air a green coating of basic carbonate is formed. When heated to
redness with access of air, as in annealing sheets, etc., a dark coloured
scale is formed, which consists almost wholly of cuprous oxide. It is
soluble in nitric acid, and in hot concentrated sulphuric acid.

3. Ilepeunciure:
a) pU3MYECKUE CBOMCTBA MEIH
0) XUMHYECKHUE CBOMCTBA MEIH

4. BctaBbTe HY)KHBIE CJIOBA B CIEAYIONINE MPEIIOKECHHS U3 TEKCTa
1) By cold rolling or other mechanical ... it becomes hard.

2) The metal is not ... at the temperature of ordinary furnaces.

3) As a ... copper is only surpassed by silver.

4) The electric conductivity is greatly reduced by the presence of ... .

impurities; conductor; treatment; volatilized.

5. IlepeBeaure cneayronui TEKCT MUCBMEHHO, MOJIB3YSCh CI0BAPEM.
Alloys of Copper

In addition to the extensive application of copper itself, it is largely
used in the manufacture of alloys. Its alloys, especially those with zinc
(the brasses) and with tin (the bronzes) are of vast importance for
engineering and other purposes, while its alloys with other metals have
numerous uses in many industries. When copper is cast in what is termed
a closed mould - i.e.,, a mould with a small aperture or “’ingate’’ -
unsound vesicular castings only can be produced. To obtain a sound
casting the mould must be an open one, hence none but articles of simple
forms can be cast of the metal. This is why alloys of copper have come
into such extensive use.



Unit 4
1. [IpocmoTpuTe ciOBa, KOTOpBIE MOMOTYT BaM MOHATH TekcT ‘’Metal
Adhesives’’.
1) justify - onpaBabIBaTh, MOATBEPKAATD
2) insulating film - u3onupyromas mieHka
3) conventional - 001IENPUHSATHIN, 00YCIOBICHHBIHN, OOBIYHBIHI
4) soldering - naiika
5) fatigue - ycranocth
6) adhesive - TUNIKWN, KICHKUN, CBA3BIBAOITHAM
7) welding - cBapka
8) bond - cBs3b, coeqHEHNE
9) area - myomaak, paiioH, 30Ha

2. IlepeBenute MpoOU3BOAHBIC

to exist - existense - existing

to contribute - contribution

to join - jointly - joining

strong - strength

to apply - application

to simplify - simplification - simple
to produce - production - product - producer
to compare - comparable

able - ability

thick - thickness - to thicken

to limit - limitation

3. [Ipourure Teker ’Metal Adhesives’”’
Metal Adhesives
Properties and advantages

Although metal adhesives have only existed for some years, they
have already justified their existence by the contribution which they have
made to the more outstanding products of the aircraft industry. Other
industries are now utilizing the advantages conferred by using adhesives,
notably the electrical industry, which for the first time is able to join
together similar or dissimilar materials with a high-strength adhesive
which is also an insulating film.

The conventional methods for joining metals are bolting, riveting,
soldering, and welding, all of which are well-tried processes with which
every engineer is familiar. There are, however, many applications, where
none of these really meet the demands of the situation and in such cases
adhesives with their rather different properties may be more suitable. The
properties and advantages of adhesives usage may be summarized as
follows:

10



1) Simplification of design.

2) Possible reduction of production time and consequently production
cost.

3) Ability to join together dissimilar materials.

4) Increased strength over comparable riveted or sport - welded joints.

5) The ability to join together high-strength aluminium alloys without
lowering the physical properties of the alloy.

6) Absence of distortion in a bonded structure, due to the avoidance of
local heating and the lower temperatures used when compared with
welding or brazing.

7) Even stress distribution over the whole of the bonded area and
consequent avoidance of areas of high stress concentration, such as
occur around rivet holes, spot welds or bolt holes.

8) Increased fatigue strength.

9) Adhesives do not cause corrosion.

In spite of these advantages, however, there are certain limitations
controlling the use of adhesives, and one of these is the thickness of the
parts being bonded. It is not the case that adhesives cannot be used for
joining together materials greater than a certain thickness but rather that
as the thickness of the material increases, so that advantages become
fewer. It is therefore with sheet and strip materials that the greatest field
for the application of adhesives is found.

4. Halimute B TEKCTE MPEIJIOKEHUS C MOAAILHBIMHE TJIaroJiaMHu.

5. IlepeBenuTe crueAyoOmue NPEUIOKECHHs, OOpaTHB BHUMaHHE Ha
MepeBo/i KOHCTPYKIUNA MOAANIbHBIN Tiaron + Passive Voice.

1) These methods of joining metals must be widely used nowadays.

2) The books may be given to the students.

3) The work can be done in time.

4) These things should be paid attention to.

5) He must be listened to attentively.

6. YKaxxute BONpocC, Ha KOTOPBIN Bbl HE HAMAETE OTBET B TEKCTE:

a) What conventional methods for joining metals are given in the text?

b) How is soldering done?

c) What properties and advantages of adhesive usage are summarized in
the text?

d) Who suggested first to use metal adhesives?

¢) What does the quality of metal adhesives depend on?

f) What types of adhesives do you know?

11



7. IlepeBenute TekcT ’Types of adhesives’’.
Types of adhesives

There are many different types of adhesives used for joining metals,
ranging from those which are applied and cured at room temperature to
those which are applied hot and cured at elevated temperatures. Of those
types which are available, however, the operating conditions rule out
many for certain applications, as they will not retain their properties over
the necessary range of operating conditions. Some, for instance, lose
strength very rapidly as temperatures increase, some lose strength under
conditions of high humidity whereas others lose strength when subjected
to low temperatures.

12



Unit 5
1. [IpocmoTpuTe clemyronme clioBa, OHM MOMOTYT BaM Mpu pabore C
TEKCTOM.
limestone - n3BeCTHSIK
coke - KOKC
hearth - mos, ropu (neun)
to contaminate - 3arps3HITh
mould - nutelinas popma, maTpuia
ingot - CIMTOK, OOJIBaHKa
treatment - 06paboTka
to refine - ounaTk, paUHUPOBATH
intrinsic - BHYTPEHHHU, MPUCYIIINUNA, CYIIECTBECHHBIH

2. ITpocmotpure TekcT. Haliiute OTBETHI HA CIIEYIONIUE BOMPOCHI.
1) Where does the iron in the molten state collect?

2) In what process does the iron become contaminated?

3) What must be removed from pig iron to form steel?

4) What fundamental sciences is the science of metallurgy based on?
5) What does physical metallurgy deal with?

6) What does chemical metallurgy consider?

Relation of Metallurgy to Physics and Chemistry

In principle steelmaking involves only relative simple steps.
Principle iron ores consist of combinations of iron with oxygen (iron
oxides), mixed with varying percentages of useless earthy materials. In
order to remove the oxygen and useless materials, the iron ore along with
coke and limestone are charged into the blast furnace. Hot air blown into
the blast furnace burns the coke to generate heat. The hot carbon of the
coke, and the carbonbearing gases generated by its burning, combine
with the oxygen of the iron oxide leaving the iron in metallic form. The
iron in the molten state collects in the hearth at the bottom of the blast
furnace. The limestone combines with the useless part of the ore to form
molten slag that floats on the top of the pool of molten iron. In this
process the iron becomes contaminated with some of the carbon from the
coke used as fuel. The product of the blast furnace, pig iron, may contain
somewhat over 4 per cent of carbon. To make steel from pig iron, some
of the carbon must be removed, because most steels contain considerably
less than 1 per cent of carbon. The unwanted excess of carbon is removed
in the steelmaking processes, principally the Bessemer conventer and the
open hearth furnace process, using controlled amounts of oxygen for its
removal. The resulting final product, steel, is first poured into moulds to
form ingots, which then are formed into useful shapes by rolling or other
forming processes.
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However formed, the final products, in many cases, are subjected to
heat treatment to develop special properties.

The procedures simply outlined above become complex in practice
because of a vast array of complicating circumstances. Actually, the
problems in each step of manufacture are very complex. Their solution
requires considerable technical knowledge and ability. Some previous
knowledge of the fundamental sciences of chemistry and physics is
essential to the study of these problems.

The science of metallurgy is based on the two fundamental sciences,
physics and chemistry and is commonly subdivided into two major fields:
namely, physical metallurgy which deals with the structure, fabrication
and behaviour of metals, and chemical metallurgy which deals with the
smelting of ores and minerals and, with the refining and furnace reactions
of molten metals.

3. IlepeBenuTe MPOU3BOIHBIE

to suit - suitable

pure - impure - impurity

to solve - to dissolve - solution

to react - reaction - reactivity
difficult - difficulty

success - successful - successfully

to conduct - conductor - conductivity

4. CocTaBbTe MPEUIOKCHHS, UCTIONB3YS CICTYIOIINE CIOBA:

1) metallurgy, based, physics, on, is, chemistry, and, the, of, science.

2) somewhat, pig iron, over, may, 4 per cent, carbon, contain.

3) iron, the, collects, at, bottom, the, of, hearth, in, the, blast furnace, the.

4) metallurgy, with, structure, of, the, deals, and, behaviour, fabrication,
metals, physical.

5. [lepeBenuTe Ha pyccKuil A3bIK, oOpaliasi BHUMaHUE Ha KOHCTPYKIUIO
“’in order to”’.

1) In order to remove the oxygen and useless materials, the iron ore along
with coke and limestone are charged into the blast furnace.

2) In order to harden the steel through its cross-section the alloying
elements, such as nickel, chromium, silicon and molybdenum, are
used.

3) Iron ore is added as required in order to oxidize carbon, phosphorus,
chromium, and manganese from the bath.

4) The ingots then pass through a mill and through various sizes and
shapes of rolls in order to get desired shapes.

14



5) In order to keep an even composition and provide an adequate source
of supply, the molten iron is often placed in a larger mixer.

6) Years of experience have taught him just when to turn down the vessel
in order to get the desired composition.

7)In order to save his process in the face of opposition among
steelmakers, Bessemer built a steel works at Sheffield.

6. [IpounTaiite U nepeBeaUTE TEKCT:

Spectral analysis in our time is one of the most effective methods for
determining the chemical composition of substances, and one of which
science and industry are demanding more and more. They need more
accurate and swifter methods of analysis of rapid technological processes
which take place in conditions which make them inaccessible to man.

A group of physicists has evolved a method for using optical
quantum generators for spectral analysis.

The research done by scientists has shown that it is possible, using
the new method, to considerably increase accuracy and speed of analysis
and even to make it automatic. With quantum generators it will be
possible to carry out analyses of substances in unusual conditions, in
particular, in pressurised vessels, where there is either an extremely
rarefied atmosphere or high pressure.

It looks as though it will be possible to carry out analyses inside
industrial apparatuses, in particular, in smelting furnaces during the
smelting of metals. The method will make the control of technological
processes more rapid than ever, so that there will be no danger of any
essential ingredients in an alloy burning up.

15



Unit 6

1. I[lepeBenute cieayromue CI0BOCOYETAHMUS:

1) since ancient times, glass-making, impure sodium, fewer extranuclear
electrons; a number of differences; generally speaking, much alike; a
metallic lustre; much more refractory; melting point; a pure form; high
chemical reactivity, molten silicon; dielectric constant; electrical
properties.

2. IIpocmotpurte TekcT ’Silicon’ ¥ mepedncinTe Ha aHTJIUMUCKOM SI3BIKE

a) 4epThl, O0IITUE JIJIs1 KPEMHHSI U TepMaHUs

0) CBOICTBA, pa3IUyarOIINe KPEMHHUN 1 TepMaHUH.

Silicon

Since ancient times, is has been known that siliceous materials were
suitable for glass-making. The history of silicon began shortly after 1800
when Davy concluded that silicon was a compound not an element.

Crystalline silicon was prepared first by Denville in 1854 by
electrolysis of impure sodium aluminium chloride. Shiny platelets of
silicon were obtained by dissolving the aluminium from the granular melt
which had contained about 10 per cent silicon.

Silicon like germanium, is a fourth-column element, and also has the
diamond structure. However, the lattice constant is 5,430 A, smaller than
that of germanium. The fact that silicon has a smaller atomic weight and
fewer extranuclear electrons than germanium, leads to a number of
differences in their properties. Generally speaking, however, the two
substances are much alike.

Whereas germanium is bright silvery in appearance, silicon is darker
in hue, although polished speciments still have a metallic lustre.

Silicon is much more refractory than germanium; its melting point
of 1420°C is responsible for many of the difficulties of making it in pure
form . The high chemical reactivity of the material at this temperature and
the relative difficulty of preventing impurities from contaminating the
molten silicon are typical of these problems. However, silicon has been
prepared successfully in rather pure, single-crystalline form.

Silicon was studied much earlier than germanium, and was used in
commercial rectifiers and diodes before germanium. However, as a result
of the discovery of transistor action in germanium, much greater
attention to germanium was given for several years. And it was only
when the high band gap and low intrinsic conductivity of silicon gave
promise of rectifiers and transistors which would operate well at higher
temperatures that attention reverted to silicon and efforts developed to
make the same time more research was devoted to silicon, which was
now much purer and more perfect in crystalline properties than that
available in previous research work.
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Silicon has a smaller dielectric constant than germanium. This has a
definite effect on the electrical properties. For instance, the ionization
energy of silicon is larger than that of germanium. Third-and fifth column
impurities in silicon have an ionization energy of about 0.045 eV whereas
the values for germanium are about 0.01 eV.

Silicon exhibits impurity photoconductivity when the temperature is
lowered to the point that most of the carriers are deionized. Since the
ionization energies are greater in silicon than in germanium, this can be
done at temperatures about liquid hydrogen.

3. IlepeBenute ciaeqyromme MpeIoKEeHNs Ha aHTJIMICKHM SI3bIK:

1) Kpemuuii  npuHamiaexXuT K  dJIEMEHTaAM  YETBEPTOW  TPYIIIbI
IIEPUOINYECKON CUCTEMBI MeHeneeBa.

2) KpeMHuii, 10 HEKOTOPOW CTENEHHU, OTIMYAETCS OT F€PMaHUsI IO CBOUM
CBOWCTBAaM.

3) Hanpumep, kpemHuii umeeT 00jiee BHICOKYIO TOUKY IUIABJICHUS, YEM
repMaHUU.

4) KpemMHMi1 ©IMEET BBICOKYIO PEaKTUBHOCTb, KOTJJa OH PACIUIABIICH.

5) Ouniarb KpeMHUI TpyAHEE, YEM T€PMAHMI.

6) TonbKO HEAABHO CTAJIO BO3MOXKHBIM OUHUINATH KPEMHHUH 10 TOM XKe
CTEIIEHU YHUCTOTHI, KAK U TEPMaHUIA.

7) l'epMaHuii MOXET MCIOJIB30BAThCS TOJIBKO MPU TEMIIepaTypax HUXKe
60°C, a KpeMHUI MpUMeHseTCs pu TemnepaTtypax 10 150°-200°C.

4. TlepeBenute ciaeayOmUi TEKCT 0€3 cIoBaps.

Properties of Bombarded Silicon

Silicon, like germanium, shows marked changes in its properties
when subjected to bombardment by electrons or nuclear particles.
Perhaps the chief distinction is the tendency of silicon to go towards the
intrinsic state after bombardment, rather than (a He; BMecTO TOTO, UTOOBI)
to go to p-type as often observed after bombardment of germanium. This
effect is attributed to the formation in the silicon lattice of hole-and
electron-trapping levels (ypoBHM 3axBara 3JIEKTPOHOB M3 JBIPOK) Very
close to the middle of the forbidden band. With such levels being
introduced, the material will tend to acquire a higher resistivity whether
or not it was originally n-or p-type.
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1.

Unit 7
Tungsten

Tungsten, also known by its European name, wolfram, is a metal with
unique properties that lead to its use in cutting and forming other
metals and in important high-temperature applications. It has the
highest melting point (3410°C) and the lowest vapour pressure of any
metal. It has the highest tensile strength, yielding tensile of up to
600.000 psi in wire form. Its corrosion resistance is one of the highest.
Its density 1s exceeded only by metals of platinum group. Properly
worked, it is elastic and ductile. Its compound with carbon is the
hardest known metallic substance.

. The word “’tungsten’’ is an adaptation of Swedish tungsten (heavy

stone) and was first applied to the mineral scheelite about 1758. The
name wolfram of Germanium origin and from which the chemical
symbol W 1is derived, probably has reference to the ’wolflike”’
characteristic of tungsten described by the early tin miners as
“’devouring tin’> and causing low recoveries in the tin smelting
operations.

Tungsten is never found in the uncombined state in nature. The most

important ores are wolframite, (FeMn) WO, and scheelite, CaWOQO,. The
mineral wolframite varies in composition and contains from 76.3 to 76.5
per cent tungsten trioxide. The mineral scheelite when pure, contains 80.6
per cent tungsten trioxide.

3.

4.

Tungsten concentrates are reduced to three commercial products:
ferrotungsten, tungsten compounds, and pure tungsten.

Ferrotungsten. It is prepared by reduction of one of the tungsten
minerals with carbon or silicon in the electric furnace or with
aluminium and silicon in the thermit process.

. Tungsten compounds. Most of the chemical compounds of commerce

(tungstic oxide, tungstic acid, calcium tungstate) are obtained as
intermediate products in the process of preparation of pure tungsten
metal.

. Tungsten metal. The high melting point of tungsten, its reactivity, and

the nonavailability of refractories capable of containing molten
tungsten, preclude the use of conventional smelting techniques.
Consequently, tungsten is won from its ores by chemical
decomposition of the ore, isolation of the purified trioxide, reduction of
the oxide to metal powder and finally proceeding by powder
metallurgical methods to the fabrication of metal products.

. It is noteworthy that the physical properties possessed by finished

tungsten products are materially affected by the chemical and physical
characteristics of the powder from which they are produced. These, in
turn, are dependent on the chemical and physical properties of the
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oxide from which the metal is reduced, and the conditions prevailing
during reduction. Obviously, then, control of the properties of the final
product begins almost with the inception of ore decomposition and is
necessary throughout the process to yield the desired properties of the
finished product.

8. Tungsten carbide (WC) is made in powder form by the chemical
combination of pure tungsten metal powder and finally divided lamp-
black.

Notes:

1. “wolflike’’ characteristic of tungsten ... as devouring tin’’ - “’Bojubs
noBajika’’ BoJibhpama ... Kak ‘’moxupaTens’’ oJoBa.

1. [Tpocmotpute Tekct ‘’Tungsten’’, oOpalmiasi BHUMaHHE Ha 3HAYCHUE
CJIETYIOIINX CJIOB:

1) tensile strength - mpoyHOCTh Ha pa3pbIB; BPEMEHHBIC CONMPOTHUBICHUS
pa3phIBy

2) psi - (pyHTBI HA KBaIPATHBIN TIOWM

3) rhenium - penwmit

4) ductile - mmacTUYHBIN, BI3KUH, TATYUUN

5) scheelite - meenut (MuH.)

6) to preclude - mpegoTBpaIlaTh, yCTPaHITh, MEIIATh

7) powder - mopoIok

8) inception - Hauaso

2. lpocmotpure 1 wm 2 ab3amel Tekcra. Hailioure mpemioxeHus,
conepxkarmmue Past Participle.

3. [lepeBenute nmucbMeHHO pazzaen * Tungsten metal’’.

4. IlepeBenure crneayrolne NpeaaoKeHUs Ha aHTITUIACKUH S3bIK.

1) DnemenTt Bosbdpam ObUT OTKPHIT B 1781 Tromy MIBEICKUM XUMHKOM
K.Ileene npu pa3iioxKEeHUH KUCIOTON MUHEpajla TYHITE€Ha ° TSKeIblil
KaMeHb’’, KOTOPBIN BIIOCJIEICTBUH ObLT Ha3BaH IICEIIUTOM.

2) Jlumb yepe3 CTO JET MOcCjie TOro, Kak ObUI OTKPBIT BOJIbGpam, OH
MOJTY4YrJI OOJIBIIIOE TPOMBIIIJIEHHOE TPUMEHEHUE.

3) UtoObl W3MEHHTH CBOWCTBA KaKOro-HMOyAb MaTepuayia, BBOJST
CIIELUAJIBHBIC PJIEMEHTBI U TPUMECH.

4) Vicnonb3oBaHue BoJib(hpama JJisi U3TOTOBICHUS BOJIb(PPAMOBBIX HUTEH
B DJIEKTpoJiaMnax ObUIO TNPEIJIOKEHO U BIEPBbIE OCYILIECTBIEHO
nzooperareneM H.A.Jlanpiruaeim B 1900 rony.

5. Ilepeckaxure TEKCT, UCIIOJIb3Ysl CIEAYIOLINAN TIJIaH.

1) Tungsten is a metal with unique properties.
2) Modern industry and communications would be impossible without it.
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3) Tungsten is never found in the uncombined state in nature.

4) Wolframite and sheelite are the most important ores.

5) Tungsten concentrates are reduced to three commercial products:
ferrotungsten, tungsten compounds, and pure tungsten.

6) The properties of the finished tungsten product depend upon the
properties of the oxide and the powder.

6. [lepeBeauTe cneAyOMMA TEKCT HA PYCCKHM S3bIK, OOpalliasi BHUMAaHHE
HA NTaCCUBHBIN 3aJIOT.
Tungsten

Tungsten is one of the industrial minerals without which modern
industry and communication would be imposible. It is used as an alloying
element in steel, as an additional steel hardener in the form of tungsten
carbide, and in its pure form in the radio and electronic industry light bulb
filaments are made of pure tungsten for instance. It is also used in various
chemical compounds.

The tungsten trioxide in terms of which ore content is usually
measured, contains about 80 % of tungsten metal.
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Unit 8

1. IIlpocmotpure cioBa, KOTOpbIE TOMOTYT BaM IOHATH TEKCT

“Intermetallics”
face centered cubic lattice (fcc) — rpanuneHTpupOBaHHAs KyOuueckas
pereTka
body centered cubic (bcc) — oOBEeMHOLIEHTpUpOBAHHAs KyOHUYeCKas
pereTka
hexagonal close-packed (hcp) — rekcaroHanbHas (LI€CTUTPaHHAs)

pelIeTKa ¢ INIOTHOM YITAaKOBKOMN

pure — 9YucThIi (06€3 mpuMecein)

corner — yrodi

face — I0CKOCTH, TPaHb

randomly — ciry4aitHO, TPOU3BOIHHO

ratio — OTHOILLIEHUE, COOTHOILIEHUE

ordered structure — ynopsijoueHHasi CTpyKTypa
predominate — npeobnaaaTh

flow stress — HanpsDKEHHUE MMOTOKA

cleavage — cmaifHOCTb, pacIIeneHIe, pacCKaIbIBaHNE
slide — ckonB3UTH

slip —CKOJIb3UTh, CKOJIbKEHUE

2. TlepeBeauTte MPOU3BOTHBIC.

Place — replace; alloy — alloying; occupy — occupation; require — required
— requirement; brittle — brittleness; strength — strengthen; add — addition —
additional; crystal — crystallization — crystallize; attract — attraction —
attractive.

3. Haiinute B  TEKCTE  AHIVIMHCKUE  SKBHUBAJICHTBHI  CIECAYIOIIUX
CJIOBOCOYETAHMM:

Jlermpyrommii MeTalyl, YKUCTBIA METAJUI, NEPBOHAYAIBHBIE aTOMBI,

XUMHYECKOE COCIMHEHUE, MPUBOAUT K..., IUIOCKOCTh CKOJBXKCHUS,

pasphIB CBSI3€H; NI TOro, 4ToObl pEUIUTh MNpodiieMy; Oojiee Bs3KUE

CTPYKTYpBbI, TPaHULIA 3€pPHA.

What are Intermetallics?

Most pure metals have crystal structures such as face centered cubic
(fce), body centered cubic (bcce), or hexagonal close-packed (hep). In fee
structures, for example, an atom occupies each corner of the cubic
structure and the center of each face.

As alloying metals with atoms of similar size are added, they
randomly replace the original atoms. For example, as aluminium atoms
are added to fcc nickel, they may occupy either corners or face positions.
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In some alloys, as the alloying additions reach a critical number of
atoms, they begin to occupy specific positions. For example, as the Ni/Al
ratio approaches three to one, the nickel atoms occupy the face centered
positions and the aluminium atoms occupy the corners. This is known as
an ordered structure, and is described as the chemical compound Ni;Al.

The reason for this order is the strong attraction between nickel and
aluminium atoms, which is stronger than that between either two nickel
atoms or two aluminium atoms. The requirement for the nearest
neighbour of each aluminium to be a nickel atom results in the ordered
structure. Because this order is maintained throughout the bulk of the
material, intermetallics are called long-range ordered compounds.

Brittleness in intermetallics 1s due to several mechanisms, but three
predominate. First, flow stress can be higher than cleavage stress in the
slip planes. For example, the pressure required to cause one cube to slide
past another can be higher than that required to break the bonds between
the cubes. Although alloying has been attempted in order to solve this
problem, so far it has not succeeded.

Second, some lattice structures are so large and complicated that
they cannot deform without breaking. Alloying additions have helped in
some cases where the original lattice is modified to more ductile
structure.

Third, intermetallics have weak intergranular bonds that can break
easily in multi-crystal structures even if the first two causes of brittleness
do not apply. Micro-alloying additions that segregate to grain boundaries
and strengthen them have been successful in some cases.

4. IlpouTuTte TEKCT U YKa)KUTE BOMPOC, HA KOTOPBIM HEJIb3s1 HAUTH OTBET
B COJICpYKAHUU TEKCTA:

1) What crystal structures have most metals?

2) What happens when alloying metals with atoms of similar size are
added?

3) What is known as an ordered structure?

4) What is the reason of this order?

5) How are intermetallics called?

6) Was the initial development of intermetallics done?

7) What is the reason of brittleness in intermetallics?

5. 3akoHYUTE IaHHBIC MPEAIOKEHUS B COOTBETCTBHH C COJCpKaHHEM
TEKCTa:
1) The atoms of alloying metals randomly replace ... (the atoms of
similar size; the original atoms, aluminium atoms).
2) Intermetallics have weak ... (grain boundaries; intergranular bonds,
lattice structures).
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8.
)

2)
3)

4)

9.

3) In some alloys, as the alloying additions reach the critical number of
atoms, they begin to occupy ... (each corner of the cubic structure;
the center of each face; specific positions).

HazoBuTe aHriamiickue M pycCKHUE TEPMHUHBI, COOTBETCTBUYIOIINE
CIICAYIOLINM OTPEACTICHUSM:

Crystal structure in which each atom is surrounded by the nearest
twelve atoms,

Crystal structure in which each atom is surrounded by the nearest
eight atoms.

. Crpynnupyire cioBa - OJIM3KHE 110 3HAYEHUIO:

1. drawback thanks to

2. advance start

3. begin limitation

4. approach reach

5. dueto complicated

6. complex improvement
- MPOTHBOTIOJIOKHBIE TI0 3HAYCHHIO

1. limited different

2. advantage weak

3. high unlimited

4. similar drawback

5. order disorder

6. strong low

IIepeBeauTe npenyIOKEHHUS:

BOJBIMIMHCTBO METAIOB KPUCTAUIM3YETCS] B OAHY H3 CIEIYIOLIUX
TpEX CTPYKTyp: TpPaHULEHTPUPOBAHHAs KyOWYeckas pelleTka,
00BEMHOLEHTPUPOBAHHASI M TEKCaroHajlbHas pElIeTKa C IUIOTHOMN
YIIAKOBKOM.

B HekoTOpbIX cmjlaBax JIETUpyHOIIWE J00aBKM  JTOCTUTAIOT
KPUTUYECKON BEIUYUHBI.

[IpuunHbl ynopsiioueHHOW CTPYKTYphl aToMoB NizAl B cuiibHOM
NPUTSHDKEHUHN aTOMOB HUKEJIS U aJTFOMUHUS.

CylecTByeT MHOKECTBO HPHUYHMH JIOMKOCTH (XPYHKOCTH) METAJIJIOB,
HO TPH U3 HUX MPE00IaIatoT.

ITepeBeauTte TEKCT CO CIOBApPEM.
Intermetallic compounds are well known as constituents of

superalloys: Nickel-based superalloys derive much of their high-
temperature strength from nickel aluminides and nickel silicides that
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comprise as much as 60 % vol. of the superalloy. As monometallic
materials, their advantages include high strength at high temperatures,
high creep strength, high stiffness, low density, and high resistance to
oxidation and sulfidation. They are also well known for their limitations:
low room-temperature ductility and low fracture toughness. However,
advances in alloy design and in processing technologies have improved
these properties, and have brought several intermetallics to the brink of
commercialization. These include aluminides of titanium, nickel, and
iron, difficulties involved with overcoming their drawbacks did not seem
worth the limited number of applications available at the time.

However, the National Aerospace Plane (NASP) and other advanced
aerospace applications will require low-density, high-strengh materials
including both monometallics, intermetallics and composites with
intermetallic matrices. Applications in the petroleum and chemical
industries are driving development of intermetallics for their high-
temperature oxidation and sulfidation resistance, while automotive and
truck applications take advantage of their low inertia and high creep
strength.
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Unit 9

1. Ilpocmotpute cioBa, KOTOpbIE TMOMOTYT BaM TIOHSTh TEKCT

“Sintering”.
sintering — arjaoMepanus, ClieKaHle, OKYCKOBAHHE
remedy — CpeACTBO, V - HCTIPABIAThH
distortion — neopmarusi, uckaxkeHue, KOpoOJieHHe
constituent — cocTaBHast 4acTh, COCTABIISIOIIAS
tin — 0J10BO
approximately — npuOnu3uTeILHO
shrink — aBaTh ycaaky, CMOPIIMBATHCS
furnace — neusb, ropH, TonkKa
purge — O4MILATh, TPOyBaTh
jacket — koxxyX, 0OIIMBKA
handling — ynpaBnenue, oOparieHue (¢ 4eM-J.)
prevent — mpegoTBpamaTh
premix — 3apaHee MPUTOTOBJICHHAs  CMECh,
MepeMENINBaTh

2. IlepeBenuTte NpoOU3BOIHBIE:

to protect - protection — protective

to heat — heating

oxide — oxidation

crystal — crystallize — recrystallize — recrystallization
deform — deformed — deformation

heat — heating

to sinter — sintering

mix — premix — mixture — admixed

shrink — shrinkage

3. HaiiguTe B TEKCTE OTBETHI HA BOIIPOCHI:
1. What operation is called sintering?
2. What are sintering temperature and time?

IIPEABAPUTEIILHO

3. What happens with most cold-pressed metal powders during the

sintering operation?
4. What are the factors influencing shrinkage?

WD

contain?
6. What is the object of protective atmosphere?

4. TlpouyTuTE TEKCT.

. What number of zones does the continuous type furnace usually

Heating of the pressed powder is called the sintering operation. The
function of heat applied to the pressed powder is similar to the function of
heat during a pressure operation of steel, in that it allows more freedom
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for the atoms in the crystals; it gives them an opportunity to recrystallize
and remedy the cold deformation or distortion within the cold-pressed
part. The heating of any cold-worked or deformed metal will result in
recrystallization and grain growth of the crystals, or grains, within the
metal.

Aluminium and alloys of aluminium can be sintered at temperatures
from 700° to 950° F. for periods up to 24 hours. Copper and copper
alloys, such as brass and bronze, can be sintered at temperatures ranging
from 1200 ° F. to temperatures that may melt one of the constituent
metals. Bronze powders of 90 per cent copper and 10 per cent tin can be
sintered at approximately 1600 ° F. or lower for periods up to 30 minutes.
Compacts of iron powders are usually sintered at temperatures ranging
from 1900 ° F. to 2200 ° F. for approximately 30 minutes. When a
mixture of different powders is to be sintered after pressing and the
individual metal powders in the compact have markedly different melting
points, the sintering temperature used may be above the melting point of
one of the component powders. The metal with a low melting point will
become liquid.

Most cold-pressing metal powders shrink during the sintering
operation. Factors influencing shrinkage include particle size, pressure
used in cold pressing, sintering temperature, and time employed during
the sintering operation. Powders that are hard to compress cold shrink
less during sintering. It is possible to control the amount of shrinkage that
occurs.

The most common type of furnace employed for the sintering of
pressed powders is the continuous type. This type of furnace usually
contains three zones. The first zone warms the pressed parts, and the
protective atmosphere purges the work of any air or oxygen. This zone
may be cooled by a water jacket surrounding the work. The second zone
heats the work to the proper sintering temperature, the third zone cools
the work to a temperature that allows handling. The third zone has a
water jacket that allows for rapid cooling of the work, and the same
protective atmosphere surrounds the work during the cooling cycle.

Protective atmospheres are essential to the successful sintering of
pressed metal powders. The object of such an atmosphere is to protect the
pressed powders from oxidation which would prevent the successful
welding together of the particles of metal powder. A common atmosphere
used for protection and reduction of oxides is hydrogen. The gas is
premixed with air in a suitable gas converter or generator and then cooled
and let into the furnace.
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5. 3akoHYHWTE NaHHBIC MPEIJIOKEHUS B COOTBETCTBUMU C COJEPKAHHEM

TEKCTa:

1. Heating of the pressed powder is called ... (melting, welding,
sintering).

2. The heating of any cold-worked metal will result in ...(deformation,
recrystallization and grain growth of the crystals; shinkage).

3. Factors influenting shrinkage include ... (pressure used in cold
pressing; time employed in cold pressing, volume of the furnace).

4. The most common type of furnace employed for the sintering is the
... (gas converter, generator, continuous type).

6. HazoBuTe aHrnuicKkue HM PYCCKUE TEPMUHBI, COOTBETCTBYIOLIUE

CJIEYIOIIUM OTIPEICIICHUSIM:

1. Heating of the pressed powder resulting in recrystallization and
grain growth within the metal.

2. The atmosphere surrounding the work during the cooling cycle.

3. A process in which materials of a fine particle size are converted
into coarse agglomerates.

4. The point at which the metal becomes liquid.

7. Crpynnupyite cioBa, OJU3KHE M0 3HAYCHUIO:

1. deformation used

2. component distortion

3. employed important
4. essential constituent
5. cold-pressed various

6. approximately over

7. different nearly

8. above cold-worked
9. wusual to handle

10. to work common

8. IlepeBeaute npeanoxKeHUE:

Merannuyeckye MOPOLIKM MOXHO OTJIMYUTH OJWH OT JPYroro Hu
KJIACCU(PUIIMPOBATh C YYETOM CIEAYIOLIMX XapaKTepUCTHUK: a) pa3Mepa
yactull, 0) (opMbl YacTHI, B) HaJIU4YUsS TPUMECEH, T) AaBJICHUSA,
MCIIOJIB3YEMOr0 MPU XOJIOJHOM IITAMIIOBKE, 1) TeMIEpaTypbl U BPEMEHU
CIICKaHMUS.

9. IlepeBenute TEKCT CO CIOBAPEM.
Sintering
Almost all iron ores require concentration. The ore concentrate is a
powdery material, unsuitable for blast-furnace smelting. Before charging
into the blast-furnace it must be agglomerated into lumps. Two
agglomeration methods are generally used: sintering and pelletizing.
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Sintering is presently the predominant process. It may be defined as

a process in which iron-bearing materials of a fine particle size are

converted into coarse agglomerates by partial fusion. The product has a

porous structure and its mineralogy may be substantially different from

that of the original iron-bearing fines. Sintering, as we know it today,

originated at the beginning of the 20™ century after the invention in 1906

by Dewght-Lloyd, of the first continuous sintering machine. In sintering,

a shallow bed of the fine particles is agglomerated by heat exchange and

partial fusion of the quiescent mass. Heat is generated by combustion of

a solid fuel admixed with the bed of fines being agglomerated. The

combustion is initiated by igniting the fuel exposed at the surface of the

bed, after which a narrow, high temperature zone is caused to move
through the bed by an induced draft applied at the bottom of the bed.

Within this narrow zone, the surfaces of adjacent particles reach fusion

temperature, and constituents form a semi-liquid slag. The bonding is

effected by a combination of fusion and grain growth. The incoming air
quenches and solidifies the rear edge of the advancing fusion zone.
Five commonly observed zones are characterized as follows:

1. Zone of Sinter represents the product of the process.

2. Zone of Combustion and Fusion. It is within this zone that oxidation
of carbon monoxide and carbon dioxide provides the large quantity of
heat for slag formation and the fusion of the ore particles.

3. Zone of Calcination. At this level in the bed the gas stream is
sufficiently hot as to calcinate the carbonates.

4. Dry and Preheat Zone. Within this zone the charge has been heated
sufficiently to volatilize free moisture.

5. Wet Zone. The moisture level of the upper part of this zone may be
raised by the condensation of moisture removed from the previous
zones.

Notes:

ore concentrate — eae30pyIHbIM KOHLIEHTpAT
quiescent — HEMOJABUXKHBIN (CTATUYECKUIN)
bed — cioi MIUXTHI

zone of calcination — 30Ha o0ura

to volatilize — ynansTe

wet zone - 30Ha ChIPOM IHUXTHI
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Unit 10
1. IIpocmoTtputre cioBa, KOTOpble MOMOTYT BaM IMOHATH TEKCT ‘“‘New
applications of Casting”
approach — moaxon
Cross-section — MonepeyHoe CeUeHUe
integrity — €IMHCTBO, 1IEJIOCTHOCTD
duplex steel — cranp “mymiekc” (M3roToBJIEHHAS KOMOWHUPOBAHHBIM
MPOIIECCOM IJIaBKU B KOHBEPTEPE, a 3aT€M B MAPTECHOBCKOM MeUH)
mold — Mynbaa, nuteitHas popma
binder — cko0a 1151 CKpeTUICHUS
die — nuTeiinas ¢popma
cure — OTBEpACHUE, CylIKa
to immerse — morpy’kartb, OMyCKaTh
to insert — BKJIIOYaTh, BCTABJISATh, IOMEIIATh
to invest — BKJIagbIBaTh
calcitrant — orHeynOpHBIH, TYTOIIABKUI

2. llepeBenurte Npon3BOIAHBIE:
to attract — attraction — attractive
to cast — casting — castability
solid — solidify — solidification
tough — toughness

sound — soundness

dimension — dimensional

3. IlpouTtute U JOTamaTeECh O 3HAYEHUH CIIEIYIOIIUX CIIOB:

Method, progress, traditional, hydraulics, pneumatics, chemically,
vacuum, characteristics, section, combination, structure, uniform,
complex, geometry, stability.

4. Haiimure B TEKCTE  AHIVIMMCKUE  DKBUBAJICHTBI  PYCCKHUX
CII0BOCOYETAHMI:

[IpuBogAT K...; KpOME€ TOro; YyJIy4YlIEHHbIE CBOMCTBA; II€HA,

CONIOCTaBUMasl C...; HEPKABEIOLIME CTajd; pPACIUIABJIEHHBIA CIUIaB;

TeMIlepaTypa 3aTBEpACBaHUsA; 3C€PHUCTAsl CTPYKTypa; OIHOPOJIHBIN

XMUMHUYECKUN COCTaB; OTJIMBKH CJIOKHOM reOMeTpUIeCKOi (POPMBI.

5. JlaiiTe pyCCKHE DKBUBAJICHTHI:

Sand casting, die casting, easier castability; vacuum casting, supercasting,
precise process control, dimensional stability, recalcitrant metals;
relatively low casting temperature; high metallurgical integrity.
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6. Crpynmupyite cioBa, OJU3KHE 10 3HAYCHUIO:

low to insert

to use die
improved to apply
production supply

to inject advanced
to provide fabrication
mold reduced

7. IlpouTtuTe TEKCT, HAWAWTE W TIEPEBEAUTE TPEUIOKCHHS, B KOTOPHIX
COJIEPIKATCSI OTBETHI Ha BOTIPOCHI:

What are the advantages of castings?

What causes rapid solidification of the molded part?

What are the dimensions of vacuum castings?

Because of its low cost casting has always been the most widely
used metal fabrication process. New casting methods offering reduced
costs, improved toughness, and closer tolerances in a wider range of
alloys are making the process even more attractive.

New approaches such as vacuum, directional solidification, single-
crystal casting allow parts to be cast that previously had to be forged or
welded. Progress in traditional methods such as sand, and die casting
result in products with improved soundness and closer tolerances. In
addition, new alloys of aluminium, magnesium, iron, titanium, and zinc
offer improved properties and easier castability.

Vacuum casting provides cross sections as thin as 1.75 mm and high
metallurgical integrity at a cost competitive with sand casting and
forging. A wide range of stainless steels, duplex steels, and superalloys
are vacuum cast using a system of hydraulics, pneumatics, and
sophisticated switching and sensing devices to assure precise process
control.

In the process, sand molds with urethane binders are formed on
metal dies, then chemically cured. The molds are immersed up to % in.
into the molten alloy while a vacuum is applied. The alloy, held at
approximately 100° F above solidification temperature, is then drawn into
the mold through gates in the bottom. Because of the drawing
characteristics of the process, normally recalcitrant metals such as steels
and superalloys can fill thin sections. The combination of relatively low
casting temperature and thin sections causes rapid solidification of the
molded part, resulting in finer grain structure, more uniform chemistry,
and improved strength. The process produces castings with thin walls,
complex geometries, and a high degree of dimensional stability.
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8. IloxbepuTe omnpeneeHus K CyIECTBUTEIHHBIM:

casting complex
steel switching
device precise
control die
temperature solidification
geometry sensing
duplex
vacuum
sand
stainless

9. IlepeBenute Tekct “Precision casting”.

Precision casting, has been used for thousands of years. In this
process, the pattern is made by injecting wax or plastic into a die. If the
part contains internal passages, a preformed core is inserted into the die
cavity.

A mold is produced by investing the pattern assembly into a ceramic
slurry, then coating it with coarse ceramic stucco to strengthen the shell.
The shell is fired to burn out the pattern material, and to increase hardness
and strength.

In the next step, metal is poured into the mold, cooled, and the part
is removed from the mold. The resulting near-net-shape components,
typically of superalloys or titanium, require only minor cleaning and
finishing operations to obtain the final product.

Most of the advances in the casting technology over the last 15 to 20
years involve controlling formation of grain boundaries, because they
reduce strength and operating temperatures. Directional solidification
(DS) 1s a major part of this progress, and single-crystal casting is a
specialized form of this technology.

In directional solidification, the section size gradually increases
from one side of a casting to the other, so that as thin sections solidify,
more-massive sections supply metal to compensate for volume shrinkage.
Ideally, metal in the riser remains molten until the rest of the casting has
fully solidified. The process produces aligned, axial grains rather than
grains with random orientation.
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Unit 11

1. IlpocMmoTpuTe cieAyroIIUe CJIOBa, OHM IOMOTYT BaM B paboTe Hal

tekcToM “Corrosion resistance”.
to protect — 3amUIIATD, IPEIOXPAHATH
base material — OCHOBHOM MeTajI CIUIaBa
coat — IIOKPBIBAIOIIUH CIIOH, IIOKPBITUE
layer — cnoit
to prefer — mpeanouuTaTh
to enclose — BKiII04aTh
gap — 3a30p
adhesion — clerieHre, NpUCTaBaHKUE
electrochemical series — psi HaNTPsYKEHUMA
tolerance — 1OIyCK, TOTyCTUMOE OTKJIOHEHHUE
preference — nmpeanmodTeHNE, IPESUMYIIICCTBO

2. IlepeBenure NpOU3BOIHBIE:

to protect — protector — protection
nasty — nastiness

to corrode — corrosion

to prefer — preference

to know — knowledge — to acknowledge
to coat — coating

to resist — resistance

hard — hardness

to apply — application

to treat — treatment

3. IIpoutute u goragaiTech O 3HAYEHUU CICAYIOUIUX CIIOB:

base, material, electrochemical, technology, contact, zinc, aluminium,
magnesium, typical, cadmium, hybrid, platinum, implantation, ion,
ceramics.

4. Haigure B TEKCTE  AHIVIMMCKUE  DKBUBAJICHTBI  PYCCKHUX
CJIOBOCOYCTAHMM:

3arpsi3HEHHAsl OKpYy’Karouias Cpeaa; AbIPKH, TPELIMHBI; CIOW HUKENS;

ObICTpasi KOppO3Wsl CTalu; IMpeABapuTesibHas o00padoTka METaslioB;

raJbBaHUYECKOE MOKPBITUE; KPACKHM HA METAJUIMYECKOW OCHOBE; CTABUTH

po0JIEMBI; TOIMYCTUMbIE OTKJIIOHEHHS pa3MEPOB.

5. JlaiiTe pycckue SKBUBAJICHTHI:

to resist the nastiness; in preference; rapid corrosion of the steel; excellent
protection; good adhesion; good coating thickness; the commonest
coating; envelope protection, to work well.
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6. CrpynnupyiTe cioBa, OJIM3KHE 10 3HAYEHUIO:

to protect gap

hole quick
totally to coat
rapid important
vital entirely
common application
use usual

7. IlpouTuTe TEKCT, HAWIUTE W TEPEBEIUTE MPEIJIOKECHUS, B KOTOPHIX
COJIEPKATCSl OTBETHI HA BOIIPOCHI:

What are the ways to protect the base material against a nasty
environment?

What are low metals?

What are typical envelope protectors?

What is hybrid technology?

There are two ways to protect your base material against a nasty
environment. Either you can coat it with a layer of something that will
itself resist the nastiness. Or you can coat it with a metarial that will be
corroded in preference to the base you are trying to protect.

To make this choice you need some knowledge of electrochemical
series (any good basic chemistry book), and a little knowledge of
corrosion technology. As a guide to the electrochemical series, any metal
lower in the series will corrode in preference to any metal higher in the
series when these metals are in contact. Low metals are zinc, aluminium
and magnesium. Heigher metals are gold, silver and nickel.

If we take protection of steel as an example, and we coat it with
nickel, then the layer of nickel must be entirely without holes or cracks,
totally enclosing the steel. And gap in the nickel coating will lead to rapid
corrosion of the steel. If we coat the steel with zinc, then it is the zinc
which corrodes, and in so doing protects the steel against corrosion (this
is known as sacrificial protection). This protection will last only as long
as there 1is sufficient zinc left to be sacrificed.

Typical envelope protectors are paints and plastic coatings. These
can give excellent protection, but good adhesion and good coating
thickness are vital to achieve this protection, hence good pre-treatment of
the metal is vital.

For steel there is a range of excellent sacrificial protectors, the
commonest being cadmium, aluminium, zinc, tin/zinc, zinc/nickel,
zinc/cobalt, zinc/iron, and aluminium/zinc. Cadmium is given first
because it is acknowledged to be perhaps the very best, but environmental
pressures will bring about its non-use, the alloy zinc coating and
aluminium coatings look likely to replace it.
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There is also a hybrid technology which involves metal filled paints.
These give some level of both forms of protection. They are good, but
pose problems where dimensional tolerances are important.

The commonest plated coatings for envelope protection are tin,
nickel and electroless nickel, with small use of cobalt, and also
nickel/iron and nickel/cobalt. Other metals will work well, such as
platinum, but usually the high cost rules them out.

8. 3akoHUMTE MAHHBIC TPEIJIOKECHHS B COOTBETCTBUU C COJCPKAHHEM

TeKCTa:

1. Any metal lower in the series will control in preference to any metal
higher in the series when these metals are ... (to be sacrificed; in
contact; likely to replace them).

2. Any gap in the protective coating will lead to ... (excellent protection;

good coating thickness; rapid corrosion of the base material).

Good pre-treatment of the metal is ... (vital; acknowledged; common).

4. The commonest plated coatings for envelope protection are ... (other
metals; both forms of protection; tin, nickel and electrolyses nickel).

W

9. Haliiute B TEKCTE U IEPEBEAUTE MPEITIOKEHUS, COAEPHKALINE:
- obopor “itis ... that”
- CyOBeKTHBIN MHOUHUTUBHBIA 000POT

10. ITepeBenaute Teket “Hard coatings and wear resistance”.

Metals can be given a hard surface by heat treatment of the metal
itself. In this field there is case hardening, nitriding, and carburising. A
newer development, Nitrotect, involves the use of nitriding coupled with
post hardening treatments which gives a hard surface with outstanding
corrosion resistance.

In plated finishes the hardest is chromium, available in several
different forms these days — regular, crack-free and micro-cracked — but
the main difference between these lies in their corrosion resistance. Not
far behind in hardness is electrolyses nickel and electroplated nickel, and
for high temperature applications cobalt.

With any wear resistant application the availability of lubrication is
important. Electrolyses nickel, although hard, has poor wear resistance
unless some level of lubrication can be provided.

The use of co-deposited particles to enhance hardness or wear
resistance is one of the newer technologies, and a series of alloy coatings
using cobalt and co-deposites has been developed.

The latest technology in this field is the physical and chemical
vapour deposition of cermets such as titanium nitride. These have
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incredible hardness and wear resistance, but can only be produced as very
thin films.

Similar technology gives us iron implantation, particularly nitrogen
implantation. This has been applied to steel and to chromium plated steel,
giving improvements in wear resistance.

Finally in hard coatings come ceramics. Most are being applied by
the plasma spray technique, but there are some applied in the form of a
paste, then sintered on. The big attraction of these is a very high
temperature resistance.
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Cocrasutenu: O. H. Mapununa, H. 3. KouypoBa
BbK I 143.21-923

Mertanisl 1 XUMUYeCcKue BemecTBa: Y4el. 3aganus mo auri. SA3biky/
Cawmap. I'oc. Aspokocm. YH-T; Coct.: O. H. Mapununa, H. 3. Kouyposa.
— Camapa, 2001. 36c.

CocTaBneHbl B COOTBETCTBUU € TPEOOBAHUSIMU MPOTPAMMBI 1O
MHOCTPAHHOMY $I3bIKY JIJI1 HESI3BIKOBBIX CIIELIMAIIbHOCTEN BY30B,
COJIepKaT TEKCThI JI1 YTEHHUS, IEPEBOA, AHHOCTUPOBAHUS U 3aaHUs K
HUM.

[TpennaznaueHs! Ay pabOTHI CO CTyneHTaMu 2 Kypca 4 gakybTeTa.
[Toarorosnens! Ha kKadenpe «THOCTpaHHBIE S3BIKWY
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