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ABOUT ENERGY TECHNOLOGY MODULES

4

The modules were develpped by TERC-SW for use in'two-yegr postsecondary techniga1

institutiqns to prepare technicians for ehploynent and are useful in industry forsup-

[}

dating employees in‘éompahy-sponsored training programs. The principles, techniques,

. : Y]
and skills taught in the modules, based on tasks that energy technicians perform, were
obta%ned from a nationwide advisory committee of employers of energy technicians. Each

module was written by a techn}cal expert and approved by representatives ‘from industr&.
i

. H
A module contains the following elements:

-

B Introducbion,ewh1ch\1dent1fies the topic and often inciudes a rationale for:
studying the material.

Dreregu1s1te , which 1dent1fy the material a student should be famliar
w1th before studying the module. ‘ ¢

Objectives, which clearly identify what the student fts expécted to know for sat-
isfactory module comﬁletidn The objectives stated in terms of action-oriented
benav1ors, include such action words as operate, nmasure calculate, identify

\ and def1ne rather than words with many 1nterpretat?ons, such as know, under-

¢

stand, learn and yremate . N

v
.

Subject Matter, wHich presents the backgrougd theory and techniques supportive
to the objectives of the module. Subject matter is written with the technical

student in mind. )

Exercises, which provide practigal problems to which the student can apply this
new knowledge. )

Laboratory Mater1als which identify the equipment requ1red to complete the

laboratory procedure. ‘ .

Y
Laboratory Procedures, which is the experiment section, or "hands-on" portion of
the module (including step-by-step instruction) designed to reinforce student
searning. ( o~ -

Data Tégles, which are included in most modules for the first year (or basic)

—— courses to help the student learn how to collect and organize data.

. o
References, which are includgd as suggestions for supplementary reading/

viewing for the student.

Glessary, which defines and explains terms or words used within the module
that are uncommon, technical,.or anticipated as being unfamliar to the stu-
dent. . ’

<,
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S

. INTRODUCTION =~

¢ .
Corrosion is a chemical or an electrochemical proce'ss

in which a metal is.converted to an ionic form, destroying

the metal. There are many ﬁamiliar(fogps of corrosion: +

Iron will rust, -aluminum will oxidize, silver will tarnish,

and even chromium plated steel will lose its luster over a
. period of time. The damage to metal objects caused by corro- = :
* sion amounts .to a loss of approximately $10 billion each year .

in the United States. 'Thié does not include the millions '

‘that are spent in preventing corrosion, such’as the §st

.

mil -
'_\'lion spent each year to. preven automobile,rgdiators from . ° ..
_rusting. It is estimated thatjup to 20% of the iron produced
annually in this country is us d to replace iron %bjects that
must be replaced because of corrosion damage.
' Much can be done to eliminate and reduce the amount of g .
cofrosioﬁ that océﬁrs. The process of corrosion is explained
A in this module, .as well as some of t}e'means ava&lable to con- - . -
trol i?, In additioﬁ, certain aspects of‘eleqtrochemistry S

are presented.
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The student showld have completed'Modules CH-01 through. ™

CH-05 of Q!’@istry for Energy Technology I. . ' o .
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OBJECTIVES .~ ;

able
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| | R \ . K
Upon tompletion of this module, the student should'be
to: ) . . . ’

Describe the electrochemical process of corrosion.

\

Explain how cathodic pfoteétion can be used to protect
a steel tank or a pipeline from the effects'sof tofrosion(
Describe how the activity series or the single elec-
trode potentials can be used to predict the relative
corrosion of metals. :

Describe some frequently used-cellss and battérie;,
Defiqe the. following terms:

'

a, Anode. . ;. N

b. Cathode. ‘ ' :
c. Cathodic protection. . ‘ ‘

d. Corrosion. ’ .

e. 'Voltiié cell. _

£. FElectrolytic cell. 7 ‘ ,

g. Electrochemfstr&. R U " .o "

h. Elecqrol}sisl ’ - ) ‘

Describe the eledrolytic, refining of cqppér.
Describe the importance of magnetite in 3 boiler.
List two-ébjectives of boijer feedwater treatment. b
List two methgds for removing 6xygen froq{boiler feed-
water. | . .

List four ways to protect metals from corrosion.

“w
~




| _SUBJECT MATTER
- CORROSION

Corrosion is,the deterioration of @ metal caused by a
reaction with its environment. Corr051on can result through
chemical or electrochemical means. Detérloratlon by physical
causes' is ﬁot_called corrosion-but, rather, is described as ’
galling, erosion, or wear. -However, chemical and physical
deterloratlon may occur at the saé@'time as 1n frettzng
cof3051on or corrosive wear. Thez term ”rustlng is reserved
for the corrosion of iron or 1rgn alloys with the formation
of thq corrosion product iron oxide. . ST

Chemical corrosion is the direct combination of a metal
with ronmetallic compounds such as oxygen or sulfur dioxide.
-Thig type of corT051on is als® called dry corrosion since
water or moisture is not 1nvolved(1n the corrosion mechanlsm.

An example of chemical corrosion follows: -
' - \

- N . -

Fe + S0, —> FeS + 02
Iron Sulfur " Iron Oxygen
. dioxide = -sulfide
. . S ) ] . . N
. 1 T ? .
Although chemicalﬁdeterioratibn(is one fozm'df'corro-
sion, the pr@ncipa;,type of corrosion ;nvolveé an electro-
< chemicalsprocess. In this form of corrosion a metal is
convé}ted to an -ionic form with a passage.of an electrical
current. Electrochemistry apd electrochemical- corrosion are

considered in the following sections of this module.

.

.

N




. _ o ﬁ ELECTROéHEMlSIRY\ I
. oo - o
. Electrochemlstry is the f1eld of chemlstr? concerned 2
.with' chemical changes produced by an electr1c current, and - ..

with the productlon of electr1c1ty by chemlcal reactions.

In eléctrolytic cells, ‘electricity is used to produce desired '
‘chemlcal changes, such as in the electrolysis of water to . l

. R
s ‘ produce oxygen and hydrogen gases or in the productlon of . . g

aluminum. In volta1c cells chemical reactlons are used to

produce electr1c1ty, such as in the automoblle battery

/ Electrochemlcal processes are W1dely used in industry, which -
is a large consumer of electr1c1ty, therefore, these pro-
cesses are_ of 1mportance to an energy technlcian. :

. . *

ELECTRODE POTENTIALS e T ~

[N

- % -

. When a metal such as zinc is placed in'ﬁater there is
' a tendency for the. zinc atoms ‘to lose electrons .and pass

_into solution as zinc ions, as follow5' e LN

v Y,
f

Zn ——» In

- The zinc ions move inte -the solutfon, leaving their ‘elec-
trons pehind. “The metal, therefore becomes negatively
o . charged. This potential or voltage; can be meagured for
21nc it is found® to be 0. 76 volts, when the concentration
of zinc ions is one molar. This voltage is called the stan- .

dard: electrode potential for 21nC° it is a measure of the. ° -

14

tendency of zinc to lose electrons and form ions. By

A -

»
.
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3

measurlng the standard electpode potentlals %f different

metals in solut10n§ of their 4ons at a concentratlon of one

¢

L]

molar, an,act1v1ty series may be developed

‘

i

Table 1 gives

" the’ standard electrcde potentlal for a number of- metals

g

1N

-

activity series.

pota551um) apetvery reactlve

Table 1 is often caTlled theAelectromot;ve series,

or

The metals at the top of Table 1 (suth -as

whereas the metals lower in
Gold can be found

' Table 1 (such,as. goldl are more stable.

. TABLE 1. -STANDARD ELECTRODE POTENTIALS.-
. . Stdndard. Electrode {-
, | - Element Electrode Reaction . Potential (volts)
: . e : -
Potassium K —K. =+ e o 2.93 i
Calcium Ca—>Ca @ +2 e hat - ~: 2.87 :
. + c - -4 -
LR Sodium ~Na—Na + e =] 2.71 . '
Magnesium _ Mg—ﬂ>Mg e eé 1 2 ©T L 2.37 ]
‘¢;> Aluminum . A1-—a-A1 + 3 e '? _1.66
’ ‘ : k‘\‘ Lk ’ - =t .. ’
1. Zing 8 Zn—/Zn + 2 e | & - 0.76
. Chromium "Cr=—>Cr' + 3 e § 0.74 .
‘Coppér cu—>cu™ + 2e%, | Y " -0.34 )
Gold Au-=>Au"" + e = -1.68 ] -

1n nature in the elemental state

wheréas pota551um cannQt. _
The reduced form of any element w111 reduce the oxidized form:

of any element below 1t in the serles

k)
For example, metallic

. .
.
s 2 * -

11
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+ zinc will reduce copper (II) ions according to the following

I3

reaction: ) . . , .

Zn + Cu*t*—— Cu + Zn** o .

{

This reaction is ugilized in a voltaie cell, called the (G
- Daniell cell, in ordef 'to produce electricity. The woltage
. of the cell is found by subtracting (algebraically) the' -
‘ potential of the copper, electrode-from that of the zinc
glectrodg. Thg voltag?s~a§e given in Tablg 1.
. - - ' . ¢

v . @

. . L J

Cell voltage = 0.76 - (-0.34) "

] oo = 0.76,+ 0.34 e ‘
, -+ =1.10"volts’ . ‘
}\ i} T tandard electrode potentials, abbreviated E°, do not “

. takeriﬁﬁo account changes.in concentration. As was pre-
. ‘ *viously stated, the standard electrode potentials are found

. .by measuring the voltages iq a{céll with a one-molar concen-
- tration. The Nernst-equation makes it possible to calculate S

) \Voltageé at other concentrations. The Nernst equation feor a
cell at '25°C is as follows: B 7 - ) \ .

4 -
4 . 4 - 7

'E'; ge . 0.059 , ., Molar concentration of products
e . n g Molar concentration of reactants. -

! R
. .
- ‘ . N '

.o T ) . , ' ‘Equation 1

T
'




The. voltage £Or the cell.

The standard electrode potential (from Table 1).
The number of electrons involved in the reaction.

-

EXAMPLE A:

VOLTAGE MEASUREMENT.

2

Given:
Find:

Solution:

] E.#"E" - =7 108 olar concentration of reactants
9//" - 0.76 - 0059 10 24
< 0.76 - (0.0295) (-1)
= 0,76 + 0.0295
E =.0.789. , . :
; _— i : k

A 0.1 M solution of ZnSO,.

The voltage of a strip of zinc immersed ia the

solution-
s T
in —>» In + 2 e

(The value of 1 is assigned as the concentration

for all elements:)\
v oot = 0.059

2

Molar concentration of products

va

“tant.
passivity.
metal does not corrode when it should according to.its stan-
dagﬁ/electrode potential.
standard electrode potentlal,

Although Standard electrode potentials are useful for

" be a very reactive metal;

predlctlng ‘the corrosion of metals, other factors are impor-
Some metals display an unusual 1nact1v1ty called
Passivity can be con51dered to. be the reason a

yet,

" For example, according"to its ' ~
one would expect aluminum to .
it possesses gdéod corrosion

CH-06/Page ¢




.

resistance. Aluminum quickly forﬁg a surface coating of
aluminum oxide, which stops further corrosion. In. addition,
chromlum should be’ more reactlve than iron (accordlng to
thelr electrode potentlals) However, chromlum actuallf is
used to protect iron ($teel) from corrosion in pllcatlons
such as chromium-plated auto&obile bumpers. Pasgrvity is
usually cgused by the formation of thin, adherent metallic

> . .. > ’ . a
.oxide.gcoatings. . .

€ ’ ’ -
- * .
’
» .,
- .

7/
ELECTROLYSIS

.

Electrolysis is the process in Jhich electric current

is passed through a solution of ions to produce desired
chemical reactions. Electrolysis of a solutlon of sodium
chloride in water is de-

*l, (i , picted in Figgre 1. When

BATTERY sodium chloride, NaCl, is

dissolved in water, the

"solution will contain "
hydrogen ions and hydrox-

ide ions from the water,

sodium and chorlde ions

e from the sodium chlorine,
g ‘ SN.C1 8°LFHON\\' “and many molecules of watér.

LA L SoE s S AT ihen o siectrodes (con-
- posed of an inert material -

o \ .such as graphite) are

°

placed in_the solutlon and connected to a battery, the nega-
tive ions (C1° and OH™) move toward the positive electrpde, )
called the anode, wher® they may lose electrons and be oxi-

dizgd. The possible oxidation reactions are as follows:

' BT

e
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2 H,0 —» 0,

)
3
< .
~

. One would expect that chioriné gas, Cl,, or oxygen gas, Oz,
wduld be ‘emitted at the anode. Chlorine will be produced
in a concentrated solution of sodium-chloride. The positive
ions (Hj and Na+) migrate to the negative eleftrode, called
{he cathode, where they may géin electrons and be reduced.
Possible reduction reactions at the cathode are as. follows:

Na* + e  ——>Na_
2 HO + ¢ ——> Hp + 2 OH

<

Water‘is more easily rgéuced than sodium ion; therefore,
hydrogen gas 1is produc;d at the cathode. The net overall
,reaction for electrolygis of aqﬁeeﬁs sodium chloride is
obtained by adding.'the two half-reactions as follows:

-

2 H,0 + 2 e —> H, + 2 OH®
2Cl° =—> (Cl, + 2 e

- L B
2 Hy0-+# 2 C1-———> Hp + Cl, + 2 OH

~

LN

The hydroxide ions, OH , combine with-.sodium ions, Na¥, to
form sodium hydroxide.

ride is an iﬁportant commercidl process for ﬁ?oduction of
hydroger; chlorine, and sodium hydroxide.

'

»

0
~
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Another example of the application of electrolysis to

cdmmercially produce chemicals is the electrolysis of an

aqueous solution pf sulfuric acid. Sulfuric acid, consist-
ing of hydr@gen ions and sulfate ions, does not decompose
during the electrolysis process. The following reactions

occur.
2 H2O —> 0, + 4 H + 4 e  (at the anode)
4H® + 4 e ——> 2 H, (at the cathode) ’
2 H, 0 =~——>» 2 H, + 0 . (net feaction)
,:.?' g 5 o

&

The net reaction shows that water is decomposed by the elec-
tric current into hydrogen and oxygen gases. This method
gives very pﬁre hydrogen and oxygen. However, it is expen-
sive, and its industrial use is limited to conditions where

purity of gases is important — such as in the production of.

oxygen. for preathing purposes.

~

| o .
ELECTROLYTIC REFINING (METAL%) o v
= . i} ’
An importaft application of ‘electrochémistry is electro<
lytic refining of metals.” In this process, i%puré metals

are convertéd té hlghly pure forms of the metals. Copper —
an important metal +'is refined on a large scale by electro-
lytic methods. The ptrimary use of copper as electrical wire
Tequires-a metal of high pusity. — which can be obtained .
through electrolytlc ref1n1ng Gold sii?er nickel, lead

L

and zinc are successfully r?flned by electrolysis of aqueous

P

L

AN ) <
" .
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. refining ara: : -

TN \ ;12_ BATTERY e T; .

AN
¢

solutionsr’and aluﬁinum is produced by elecffblysis of a

fused (melted), solution. The main advantages of electrolytic

+ greater purlty ‘of the primary metal
*» and recovery of by- product metals (especially
precious metals). . - .

By-product metals are present in véry sﬁéll amounfse In
eled%rolytic refinfng, an impure form of the metal to be
refined (such as copper) is made the anode, and it is ‘'sus-
pended in a suitable electrdlyte (as in Flgure 2). The
anodic reaction is therefore, Cu —— Cu oy 2 e . A thin

*

Ao -

1 . N

T CH-I06/Page 11
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-

sheet of the pure'metal is made the cathode. The cathodic
. . ++ - o

reaction 1s Cu + 2 e '— Cu. The conditions of concen-
tration and tegperature are carefully regulated so that the
deposited metal has a high. purlty " The less. active metals
(such as.gold and silver, which are found in impure copper)

) do not dissolve; they fall te the bottom of the electrolysis
cell and form a mud or slime from which they are recovered:

. >

\’\ . » . . ..
LAW OF ELECTROLYSIS
. 4 .
In 1832, Michael F reday‘disdovered thet the quantity
' of substances undergoi chemical change at each electrode
during electrolysis is directly proﬁortional to.the quantity
< - of electricity that passes through the electrolytic ce11
. Experlmental results show that one electron Jeduces one
silver 1on whereas two electrons are requlred to reduce

=" one copper (II) 1on, as follows: - _ .

-

- ' C Agt v e — > Ag

» * . Cu' + 2 e ——=Cu

'@k,
Since one, electron 1s(requ1red"to reduce one Ag , and two
electrons are required to reduce one Cu +, it follows that
‘ one mole of electrons is requ1red to reduce one mole of .
511ver ions, and two moles of electrons are required to re-
. , duce one mole of copper (II) ions. The electrical-charge
of a mole of: electrons, called a '"faraday," is equal to

If’QoﬁSOO—coulombs. ‘ S

-

.Page 12/CH-06
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) L,
1 F;raday = 6.023 x 1023 electrons

4 "1 mole of electrons
= 96 500 coulombs

A coulomb i® the qhantity oé electrical charge passing

through a given point in the cell in one second,. at a cur-
.rent of one ampere: < -
} ¢
'
- . Coulombs = Amperes x seconds
g ' ’

°
~

. EXAMPLE B:

WEIGHT CALCULATION,:.USENG LAW OF ELECTROLYSIS.

T

Given:

7

A cathdddc reduction of_c%pper (II) ions,
‘during which 1,60 amperes of current passes

for -one hour. v

Find: Calculate the welght of copper produced
Solution: Coulombs = Amperes X seconds
' = 1,60 amps x 60 min/hr x 60:sec/min
. = 5760, ;
96,SOQ,couImes will re&uce’63'34; =31.77 g .
5766 )
5760 coulombs will reduce 31.77 g X ———= 1.89 § of
96,500
copper
. .
a -
b
/" 7 . ?) . ;
19 ‘ CH-06/Page 13
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BLECTROCHEMICAL MACHINING . \ .
‘Electrocﬁemical machining (milling) is becoming more and

more*important in that it is replécing mechanical machining~

of~comp1ex designs in metals. The process is {ilustrated in

' " Figure 3. The metal to be

gtecTRoLyTe ~ Mmachined is made the anode,

and the piece that deter-
: ~ mines the fiMal shape (die)

i g
R s current is largest where

R R s
3 e B Al AN $ﬂ%’7/¢7/m . .
e ','Kfﬁ,:§§ - is made the-cathode. The

the two electrodes come in
closest contact. Aé a re-
| ' sult, .the most metal :is

[ removed from the object .

where the die cqmes closgest
+to the material being
Figure 3. Electrochemical - - formed. 'Thus,_.thﬁ object
’ " Machindng. - being machined gradually
' takes the shape of the die.
" The electrblyté, usﬁhlly a 5 to 10% solution of a salt,

.

is passed at high velocity through the gaps between the ob-
ject béing machined and-~the die in order to keep the parts
cool -and rémng;the q}ectrode‘reaction products. _The cathode
reaction at the die=is the evolution of hydrogen, rakher than
Egﬁ plating of a metal. Current densities used in electro-
chemical machinipg -are high (1000 to 1500 amp/ft2) and _
voltages are low, (less than thV). Under these conditions,
the removal rate fog aluminum, tungsten, titaniﬁﬁ, nickel,; .
iron, chromium, .and copper is about two cubic centimeters Q‘
per miané., Bfe;%rokhemicél milling or machining is used ’'to

shape complex:parts used in automobile trainsmiss'_ions-..7 One
CeEE \ , i

? 3
) 5 — o
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-follow1ng reactlons occur 'at the anode and cathode |

. . 2 .
‘ | : . .
N . ' .
o ‘ " ¢
' advantage of electrochemlcal machnnlng is that the product .,
does not have the stresses that arefaﬁways present in mechan- ~
1ca11y ‘machined parts. . ~ ’ .
4-/ ’, < ,;‘
A i ) - SN
VOLTAIC CELLS CL ' Y

¢ \ . , . . L
Voltaic cells, also called galvanic cells, produce an

e1ectr1ca1 current through chemical reactlons, These cells
may be primary or seCOndary Prlmary cells cannot be re-
charged, whereas secondary .cells can. The most famlllaf
primary voltaic cell is the, dry cell. (Thls cell is not ' .
actually dry; if it were, 1t could not conduct a current.)
The e1ectrolyte consists of a thick paste of ZnClz, NH4C1,

MnO2. The center, positive pole is made. of ‘graphite, . e
and the contents are sealed in-zinc, which actS as the
nega’}ve pole—of the cell. Zinc, wh1ch has a hlgher elec-, \
trode potent1a1 than carbon, supplles the electrons that

flow from the zinc to the carbon pole. @Flgure 4).. The .

—_ , -

0®
-

A »
~ .

;ng——===>2n++"+_2 e * " > (anode) )

T2 NH, T ¢ 2 e ———2 NHy ¢ HY (cathode) \

é{l M i - T - s )
zn +'2 NHy'——— Zn"" + 2 NH; # H» (net cgll reaction) -

. . LXN
¢ . B .

“ . ¢ e -
: S .

’ o

» o

- The manaanese dioxide iIn the cell qxldlzes the hydrogen as;

it is formed in-order to produce water. 0therw1seL the hy-

drogen gas- would accumulate on the cathode and*stop the

.action of the cell. ' ’ "j&

' , , .
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A secondary vpltalc cell 1s one that is reverslble
(that is, it can be reéharged) " The. most common battery is
the lead storage battery used in automoblles A battery is=
a combLnatlon of two or.more cells in an assembly The 12-
volt automoblle baxtery conslsts of sixk. cells, each of which
supplies two volts. \ The cathode is composed of lead dioxide,
»Pb0,, and the anode is composed of lead; Pb. ‘Both anode"
and cathode are’ 1mmersed in,a solutlon of sulfuric acid,. ’
with a density of approxlmately 1.30 g/cm3. "A hydrometer
can be used to readily determlne “the condition of the ba}-
tery. When the.density of the sulfurlc acid falls below
1.20 g/cm?, ‘the battery needs recharglng or rep&aclng ~ The
electrode reactlons that occur during dlscharge of the bat-

t &

tery ‘are as f%llows ‘ ' : :

8 0 .
\e - A 2 ’
. - vV'og ] s
- Pb + SO, ? ——>PbSO4 + e (dnode)
pbovz'q S0,72 + 4 HY + 2 ¢ ——> PS04 + 2 H20 “(cathode) -
- R ¢ . L- . R 3 .

L + ’ ‘_‘2 . o Ty
Pb + PbO; + 4 H + 2 SO, 5——=>»PbSO0, + 2 H30 '(net' reaetion)

.
~ ]

g . . . °




" . 'l . - - /L . . - _— .l
As can be seen from the net reactlon during\discharge,

1ead is consumed through conversion to lead sulfate. The -
- .sulfuric ac1d also is consumed through conversion to lead

sﬁlfate and partially_ to water —'which is the reason for i
- . the ‘decrease.%in density of the sulfuric dcid solutlon as
. .the battery discharges. » Durlng recharge, the 1ead and sul- *j

"' . furic are regenerate‘~ A dlscharglng,cell is deplcted 1n

. Figure 5. . . C

o
-
-

Flvure 5 f Dlscharglng Lead-
— ' Acid Storage Battery

»

J 3 \‘k

' ., ELECTROCHEMICAL CORROSLON*
"In electrochemlcal corv051on, a metal is converted to
to an ionic form in the presence of water with a passage of

an electrical current. Corrosion of 1ron/£; depicted in

. N . S
- -
Figure 6. 5 5 .
A . " ] > L4 R , ~ /-
Y . . , ,
. T . ¢ -
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v Figure 6. Corrosion
. CATHODE « of Iron.

b . T~——e-anoDE | . . .

, -

IRON

One region on the surface of the iton serves as an

anode at which the iron is oxidized:

S
»

Do Fe —> Fe'' +2 & E° = 0.44 volts (anode)

o ) . ‘ .‘ ' L N .
The electrons produced ate the anode migrate to another
region on the surface of the piece of iron where they are
available to reduce oxygen accordiﬁé to the following reac-
tion:

-— s » - _—

’ ) ‘ -' . ) ) 4 i ‘ - 7 ; » » n.- h /<,I
< o : - Lo
Tt Qg + 4'HT + 4 e —— 2 H,0 E° = 1.23 volt§N£§atHode)

o

\ -

.f -

‘ Corrosion is enhanc&d by the presence of salts or other

v

y » ions,. which assist in cérrying the current through a moisture
coéting: This enhanced corrosion is evident on automobiles
in %afeas where there is heavy salting of roads during winter

3 to remove ice and snow. Ultrapure -iron is not very suscep-
tible to corrosi%nﬁbecause the anodic and catbodic'siteg are

.
- <, s - 1 ks ,e /. <. &
.
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;electrochemlcal corrosion to proceed Even stress in oduced~.§§§§

P

i P i '." .

not available; however, ordinary iron has impurities or
defects which can becomé cathodic or. anodic .sites, allOW1ng -

durlng the .manufacturing process can provide an enV1ronment
fo; corrosion,

’ ~— - ) . . -.
BOILER CORROSION *- . , R

°

' A . -
A .
.Boilers are widely used to produced steam which may.be
U§EH’ib’generate electricity, provide space hezsd 1g, Or pro- '
V1de heat for industrial processes. Corrosion- of b011ers can

~1

occur.on the water 51de of the ‘boiler - that is, 1n51de the
boller tubes, the superheater and -condensing equipment.
Corrosion can.also occur”dn-the heated (fire) side of the
equipment. High pressure boilers ¢hat drive steam turblnes
operate on a ‘recirculatory system and use '"make-up" quanti- ?
ties of watér that has been carefully tredted. Low pressurg
boilers that pro&idé hot water or .process steam often use .
less of this treated water. ' ‘ SO
., Boilers are constructed;of a low- carbon (mlld) steel
or low- aliéy steel. °"At temperatures above 250° C,. water
attacks steel to form® a .surface layer of magnetfite (FeaO )

accordlng to the folloW1ng reaction: .

- \ » .'~ « Q
* ,v 3 Fe + 4 H20~-————+§;Faaqu + 4 H, N
[ - s [N *

.

~ . - y .

ro




~Fhe maéhetlte f11m 1s-h&ghiy:§§§$f§—le 51nce 1t protects the
‘steel from further oxidgtion. The growth of the protectlve
agnetite film inside a boiler -is accelerated by using alka-

line boiler water,.whereas exc?ssive acidity removes the
. film. Therefote, boiler water is usually ma1nta1ned at a

pH between 8 .5 and 9. The protectlve magnetlte film is also‘
weakened by oxygen in the b01ler feedwater, causing the cor-

- rosion .of the underlying steel Oxygen is commonly removed
by mechanical or chemical method5u

o Condensers and heat exchangers are made of copper

brass bronze " and copper-nickel "alloys. Coollng water used
w1th»condenseré and heat exchangers normally is untreated

’ This water may vary. from f?lrly pure river, or lake water
highly poliuted water fromiharbors and ba&s. The pollute
waters often contain hydroéen sulflde causing rapid deteri-.
~oration of copper and its a?loys.l The primary means of 11m1t-
ing corr051on in céndensers}and heat exchangers is through
carefuk selection of the maéerlals of constructlon.

. . \ . r‘ V4

. BOLLER WATER TREATMENT ,\ ) -

B 4 ]

)

‘- The 'main oquctlves of feedwater treatment are the v
preventlon of corrosion and the preventlon of scale forma-
, taon. ThlS scale, which 1s§a deposit of calcium carbonate
and magne51um hydroxide o? the metal surface, is a poor o T
conductor of ‘heat and interferes with the- normal heat trans- .
'\fer in the boiler. Scaling can causé a largk increase in
the operdting costs of boilers., If steam is .used for power
-production concentrations of 5111ca and silicates in feed-
. waters musd be reduced in erder to mlnlmlze the volatlliza-

tlon of Sl

S

-
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Water hardness (that is, the concentration of calcium
and magnesium igns) is reduced.by precipitation, distilla-
tion,.or ion-exchange. The addition of lime and soda is .
used to precipitate the calcium as carbonate and the mag-

nesium as hydroxide. This procedure Willzreduce the water -
Water can be distilled to Te- '

Distillation”can reduce
In the ion-exchangef .-

hardness to 10 ppm or less.
move calcium and magnesium ions.

the dissolved solids to 0.1 ppm.
method, synth;tic ion-exchange resins remove the calcium
and ‘magnesium-ions, replacing them with less harmful ions -
.such as sodium or hydrogen ions. The ion-exchange method,
often called 'polishing the water,'" is very effective. By
proper'contgpi of water hardness, the formation of scalé in
boilers can largely be eliminated. ‘
Oxygen removal from boiler feedwater is important to
This removél may be accomplished by T S

. a .
control corrosion.
The oxygen, along with

mechanical .br chemical methods.
carbon-dioxide, can be' removed mechanically by spraying pre-
Afreated water into an evacuatéd chamber. The oxygen content .
“of boiler feedwater can also, be reduced (to about 2 ppm) by

s}oring it for 30 minutes at a temperature just below boil-
: 9

4

ing. S
For use in high pressure boilers, water should have an
Treatment with hydrazine '

oxygen content' less than 0.005 ppm.

can be used to accomplish this oxygen reduction according to ; ) f

the following reaction: ~ ) B : SN f
. i Py . N " - r\}

~»

4
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Some of the h}drazine is decomposed( by heat to form ammonia

and nitrogen. The ammonia is use it reacts with

CO;, thereby’ removing the CO3 frgm the

Another chem-

ical used as.an oxygen ''scaveng is/sodium sulphite. -

Sodium sulphite reacts with oxygen according’to the- follow-

|
1
|

ing reaction:

7
.

2 NapSO3 + 0 —> 2 Na, S0, . -

One disadvantage of using sodium sulphite to remove oxygen’
is the formation of sulfates. These sulfates can react with
Still another method of

reducing the oxygen content of boiler water is with an ion-

free calcium ions to form scale.
exchange resin. This method can reduce the concentration
of oxygen to less than 0.01 ppm. .

" As.indicated earlier, it is désirable.to maintain the
pH at a value of 8.5 to 9 to ensuré that a protective
layer of magnetite is formed and-maintained.* This requires
the addition of chemicals to raise the pH. Ammonia, cyclo-.
hei&laminéL or morpholine,aré commonly used for pH control.
Amines may also be used-to form a protective fiim over the
metal surféce.: Octadecylamine is the most commonly used
filming amine. ’ -

\

/ '
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PROTECTION OF METALS FROM CORROSION

Several widely used methods of protecting metals from
N - J
corrosion are listed below: i e
.+ Cathodic_ protection ]

———— [ — = - — - e e e JF SN

+ Metallic cp%tlngs, such as from galvanizing or
elaitroplatlng Tt . ’ - .

o

+ Imo ganic coatings, such as phosphates 3
. Organic coatings, such as paints . . h

Underground pipelines or tanks are often protected by a .
cathodic protection method — which makes them similar to

cathodes in a voltaic cell. 'A more active metal, such as .
zinc or magnesium, is buried adjaéént to the pipe or tank

and connected by ﬁeans of a wire or cable. The active metal

is converted to its ionic form (rather than the iron in the .
pipe), thereby protecting the plpe . For contlnued protec- _

tion, the sacrificial anode can bghreplaced at intervals.

The protectlon of an iron tank from sorresion using’a sacrifi-

cial magnesium anode is depicted in Figure 7. -

Figure 7. Cathodic &
Protection of an . ,
Iron Tank. \ *\
- 1
/
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A similar type of protection is given by the process"
known as galvanizing. In this process, a thin coating of.

zinc is applied to the iron object. If this coating is .
broken; allowing moisture and oxygen to contact the exposed
iron, the remainder of the zinc_ acts as a large anode, at ‘

A

Wthh oxidation occurs more readlly than at the iron surface.
Phosphatlzlng is a common method for corrosion preven-

tiom. F1rst, the surfaee of the metal is grit- or sand-
blasted to~clean and roughen it. Then, the article is dipped
in a phosphoric, acid—phesphate salt solution for 5 to 50
minutes. Since”the phosphate coatings created in this pro-
cess—are very adherent, they prevent electrical conduction
along the surface of the metal. Phosphate coatings are often
coated with paint to form an effective Torrosion barrier.

‘ The process of applying a thin coating of metal to some
article when 1mmersed in an-electrolyte is called electro-
Qlatlng. Generally, the article to be plated is another
metal, " but p1as%1cs are also.plated. Many knobs im automo-
b11es are made of chromium-plated plast1c because plastic is
less expensive than,metal and it also reduces .the weight of
thelknbbs. Four advantages of electroplatlng ar® as follows:

A

1. "CReap metal objects are coated with an expensivé metal -
’ (like gold-or silver) to increase their value or improve
their appearance. ‘ . o
2. Metal coatings'of nickel or chromium are used for their
decoratlve effect or for combining improved apgearance
w1thtnncreased wear1ng qualities.,.

3. Zinc’ platlng p tects other metals from corrosion.

4, Chromlum plating ‘of bearings in machinery greatly in-

creases their ability to withstand mechanical wear.

. [}
> .
~

y 1
. 4

% <
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Some metal plating is conducgﬁs without an electric
current. This type of 'plating process is called immersion,
or electroless .plating. A specially formulated bath that
has phosphate and nickel in the coating is used to plate
electroless nickel. ‘This coating is extremely hard and

. wear-resistant. Much gold plating (especially of jewelry)
is conducted by 'dipping the object to be plated in an elec-
trolyte contaiﬁing gold ions. “The amount of metal depositged

°

can be controlled to some extent by the length of the immer-
sion. The metal object to be plated is usually made of brass.
“ In electroplating, the object to be plated is made the
cathode, and the metal to be plated is supplied by the elec- i
tfolyte. In some processes, a bar of the metal to be plated'
. out is used as the anode. This type of arrangement serves
to keep the concentration of metallic ions in solution con-
stant. _-The object to be plated must be properly prepared
prior to electroplating. ) ]
The selection of a proper material for a given applica- —
tion is all-important. The corrosion-resisting property of
alloys is often far Superior to pure metals. An important
° consideration in the selection of proper materials is te/”f//<¥
make certain that metals that have widely differing actip;
ities'are not placed in direct contact with each other. For
example,\fteel bolts should not be used to fasten brass

" plates since the "battery" formed will cause severe corrosion.
)

|
. - . -
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. LABORATORY MATERIALS

Laborato:zél

Clean, bright nails
Test tubes

.1 M NaOH -

.1 M Na,Cr 0,  °
.1 M NaCL.

M HC1 -
M KOH °

M Na.CO3
MKNO;'

M HNO; (

M Na3PO,

M KSCN

M Na,C,04 -

M H,S0,

ph paper.

»

e T o T e R S

" Test tube rack
0.1 M potassium hexacyano-
ferrate, Ks;Fe(CN)s

0.1 M iron (II) sulfate
Agar '
Burner .

1% phenolphthalein

< * indicator

Petri dish

Copper wire

Zinc strip or mossy zinc

® ) N

Page-26/CH-06
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Laboratory 2

Test tubes
Small funnel
Stirring rod
Bunsen burner
Calciuh sulfate
Y Magnesium sulfate
Sodium carbonatd
Lime -water
Distilled water
Soap solutiqn‘(40 ml of liquid
;////a soap in 160 ml distilled
water ’
250 ml graduate
Aluminum sulfate solution'
(20 g/liter)
Fine clay

[4

-
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LABORATORY 1. - CORROSION OF IRON. '

»

~

‘Corrosion is a complex process in which a metal is
converted to its oxide. For exmample, iron corrodes to.

v

?
orm iron oxide as follows‘ -

-

4 Fe + 3 Q0 — > 2 Fe3;0;4

Many factoQS”influencg the rate of corrosion of iron, such
as .the presénce of salts, contact with other metals, and

the pH of the solutlon Iron will ﬁot rust in water unless
oxygen is present On the other hand, iron will not rust

in a substance such as o0il if there is absolutely no water
present — even if oxygen is present. Each year, corr051oﬁ
“of iron costs industry in the United States b11110ns of dol-
lars. It is estimated that 20% of the iron produced
Njahnually in this country is used to replace iron objects fhét
have been discarded because of .excessive rust damage. In
-this experimgnt; some of the factors invqlved'in the corro-

N &
sion of iron are investigated.

PROCEDURE- ' <° - \

-

]

L]

Carefuliy record all data in Data Table 1. ..

1. Put g ssmall, clean, bright nail in each of, 13 test tubes.
Hold the test tube at an angfe and gently slide the nail

-~

into the tube to avoid breakihg the tube.
AN ® . )

! S T

4
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/2

3.

4.

5.

6.

7.

8,

P

Using the reagents listed in Data Table 1, £fi1l each of"
the tubes with enough liquid just to cover the nail.

All the solutions'(except wa;er),should be 0.1 M.

For each solution, determihe whether it is acidic,
basic, or neutral by using litmus papert Record find-
‘ings 1n”Data“Table d— )
Leave the nalls in the solutions overnlght Obserye
and record any changes that have taken plaer. N

To test for the presence of’iron ions (Fe+++) in the
solutions, add several drops of 0.1 M potassium hexa--

_cycanoferrate, K;Fe(CN)s, and record any observations.

In some cases, a metal in contact with iron will causé
the iron to rust much faster than it would without being
inccontact with the metal. In other cases, the iron is .
protected because the second metal corrodes in prefer-
ence to the iron. Magnesium is often, used to protect
iron tanks 1n a process called cathodic protection.
Prepare about 100 m} ofqagar mixture by heating 100 ml
of distilled water to its boiling point," removing it
from the burner, and st1rr1ng in one gram-of powd?red
agar. Heat again until the agar is evenly dispersed
throughout the solution.’

Add 10 drops of 0.1 M potass1um\hexacyanoferrate and
10 drops of 1% phenolphthalein indicatér to the agar
mixture, and stir thoroughly.

Place one nail on one side of a petri dish. Ben i
another nail sharply with a pa1r of pllers and’' p ace
-it on the other side of Q23/§£Sh Do not let the /
nails touch each other. -

s

—

(




g « 9. .Twist-a clean p1ece of copper.yire around a thlrd naL1
(It the copper w1re is not brlght and shlny, or if it.

- . -has_a coating, sandpaper the W1re until the coat1ng is

removed ) Place th&s nail in a second petri dlSh .

byo. Twist a clean piece of zinc metal &Tound a fourth na11

and place it in tle second petr1 dish with the nalr o

o - ,wound with the—copper wire. Do not allow the nails to.

' - touch* eaCh other.’ .

11. - When the agar mixture has cooled but while it jis still

<

. a 11qu1d pour it carefully 1nto the petri dlshes until
« «~ the %alls and attached metals are covered. .

&

12. ° Observe the nails during the class period and the next
. .day. Record any ohservations in’Data Table 1.
; NG, phal - o

- k3

- . . Co "

4 .

LABORATORY 2. PURIFICATION OF WATER.

. . &
. N ‘ ,
y This experiment investigates the differences between
- . - . .
soft water, hard water, dnd permanent hard water; and it
determines the effect of these waters upon’a soap solution. -

It also investigates the use of alum'to purify water by

coagulation. - : s
. , .« 5 ¢
. » I.' -
~ b
,~ -
PROCEDURE - . CL
. ’ ’ ’
-— . ° .

Note: -Ordinary soaps are sodium salts®?of complex
organic acids. Sodium stearate (NaC, gH#502) 1is preéent in
maag common soaps. - . / - : .

f- . e i @
S - e~ - . N . ’ . .
P) { " ’ . \
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#
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(Add a-drop or two of soap solution (4;\;I/£iqdid soap ‘. ]
in 160 ml distilled water) to a mest tube h filled
with distilled water, and shake ‘the "tube. Are lasting
suds producgd? Dlstllled Wwater is "soft water " and,
the results are characterlsth of these waters
Add a drop or'‘two of ‘soap solgxlon to a test tube half
filled. w1th tap water, and shake the tube,. Is the tap
. -water soft water? _ (Tap water vari%es in d1fferent lo-
calities; it may range from very‘soft'te Verf'hard )
Place a-small amount of magneslum .sulfate 1nto a test
" ‘tube half filled w1th distilled water: Shake‘the tube
to dissolve the magnesium sulfate.’ Add a few drops of
the s¥ap solution and shake the tube. Do .suds form?
The prec1p1tate that is formed is magnesium stearate.
Water that gives precipitates withr soap solution is
called "hard water." o :
Contifiue adding soap solutign 'and shaking the tube
until permanent suds form. Enough soap solution must

¢

be added until all the magnesium ion is removed. Why
does/ it cost more to wash with™~hard water than with

soft water. :, ‘ T %
Make another test tube of hard water by adding some
magnesium sulfate to a half-filled test tube of dis-
tilled water. L Tt \

Boil the water.in the test tube. «—

Add a few.drops of .soap solution. Do‘iasting suds
form? Did the boiling of the water affect its hard-
ness?, A hard water that ‘is not softened by boilihg

is known as a "permanent" hard water. These waters

usually contain magresium or calcium‘szifate, they

cannot be softened by heating, but the
by add1ng a solutlog of sodium carbonate.

may be- softened

»
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8. Make a test tube of hard water by adding some calcium
sulfate to a half-filled test tube of diEti%led water."
Shake the mixture and then filter it into another test
tube. o .. '

~9ﬁ 'To the clear filtrate, add a’solution of sodium car- -

] ” bonate as long as a precipitate continuea_to forﬁ.

",19. *Filter, then add some soap solution to the filtrate.

' Was the addition of the sodium carbonat® solution

effectlve in softenlﬁgethe hard water?- )

11. .Add some calcium b1carbdnate to a half-filled test _tube

’ of, distilled water. : . ' . -

12. Test this solutlon for har@ﬁess Is .the calcium bi-

carbonate solution hard or sof . -

13.  Make another test tube of calc1um bicarbonate soi\tlon

" "and heat it until it boils.

14, Filter the-solution -and test “the’ £1ltrate with a-few. - * . |
.drops of .soap solution. vHathhe water 591ut10n Qf ST T
calcium bicarbonate been softened? This type of hard
water is called a 'temporary" hard water Temporary

hard water can also be softened by the addition of

1. e

lime or lime water

o a

-
Note: The following steps concern purification of

Y

water /by coagulation. .
-, . ’ -

15. Make 25 ml of a dilute solution of aluminum sulfate,
Al2(SO4) 3. - , ~ - S

16/ ° Add’ 50 ml of lime water. The:reaction is as follows:

AL*? + 3 OH ——> AL(OH); - s

/// Describe the precipitate of aluminum hys}oxide formed. _' ) "

R
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8.
9.
Q.

used

Ly

Add water to a graduated cylinder untll it is approxi-
mately. two-thirds fulles Add some fine clay and stir.
Add 10 ml of aluminum sulfate solytion and mix.,

Without stirring, 'slowly add 20 ml of lime water.}
Allow the water to stand and observe " from time _to time.

)

Alumlnum sulfate, or "alum" as it is called, is commonly
as a flocculatlng agent in water ‘tredtment. When alum

is added to water, aluminum hydroxide forms as a spongy,

gelatlnous prec1p1tate. The aluminum hydroxide prec1p1tate

has an overall p051t1ve charge. Since most of the §uspended

particles -(such as clay) have a negative.charge, the sus-

pended particles are .attra¥ted to the precipitate of alumi-

num hydroxide and are carried down with it. "In this way;

almost all finely divided matter is removed from the water.

-

. <
.
- -
-
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.
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DATA TABLES ..

DATA TABLE 1. CORROSION OF IKON -

-

Lo
AN PR Reaction Iron Ion Present
Reagent . pH (yes or no) (yes or no) ‘!
KOH, . o ' - . . .
NaOH e ’ - '
NC]_’ /. . » R ’ , 3 )
'I_iNO3 N N . ,c » .
S 1
H.S0, ' ) o
A 4
NaCl : ) 4
Na,Cr,0, '_ ' . ' ! 4 ) “ Co .. . )
N&zCOa\ - - . )
KNO; \ . :
Na3 PO, . - 4" : .
{ P sl
"Nazc.-zoq . ¢ Y # . =
KSCN - T \ ‘
’\ N @
 Water M A P ' ’
. »
. #~ B
a. The first two .reagents above are bases, the next’ three
- r . . . .
are acids, and the remainder are salts. Are any regu- -
_* larities observed im the corrosion of iron in the pres-
- - ' ~ .
ence of the solutions? . R
» ’ ° ’ T
¢ <! ’ £ ' N v
- R 4
: ’ ﬁ‘ . , .
. X . v 3
e - ~ - :
v ) v . ’ - .[
o | -39 CH-06/Page 33
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Copper woun

: o

(2)

"Zinc wound nail:

v

N

corrqgsion resistance?

..

. 4
¥ * I3 " ° v
Data Table 1. Continued.’ ~K/P\\_“ ‘
. -b. Recoxd any observations céﬁcérning the iron nails in -.
' the agar mixture: .
(1). Straight nail: - S .
¢ ’ ' ‘\ N /
. (2) Ben§ nail: . )
. ‘ . '
’ -C. What effect does stress (placed in the nail by bending)
: " have on “the nail's

d. A coating of zinc is often placed on iron to f{rm gal-
vanized iron. Relate any observations concerni this
practice. ', '

" ‘/ : - . ‘
) *
. - .
. Y £
* ’ R S \
¢ ~ .-
. "./’Al \ .
Y . / > :".w._ = - - 4‘
’ . bl ;‘: N \—\AL,
] 14 i
. . g
ﬁ"::4\ - . . .
g RN - o .

- 2 A0 .

» ° +
- Page™ 34/CH-06 40
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. GLOSSARY

Anode: The, positive electrode in an electrolysis cell.

Cathode: The negative electrode in an electrolysis cell.

‘Corrosion: The ddterioration of a metal because of a reac- -

tion with its\environment. , z‘ N
Electrochemistry: The field of chemistry Cbncerned with
, Chemical changes\ produced by an electric current, and
. the production &% electricity by chemical freactions.

Electrode potential: A.measure of the tendency of a metal °
‘to go into soIUtion;

.

Electrolysis: The process in which electric current is
passed through a solution of ions to pToduce desired
chemicad reactions. Y : P

. Electrolytlc cells: Devices in which electr1c1ty is used
- \\\ to produce desired chemical changes. .7

Electrolytic refining A process in wh1ch metals are Rurl-

fied by electroplating them.

Electroplating: A process in which a thin'coating of metal
1s applled to an object using an electric.current.

Galvanizing: A process in which-a th1n coating of zinc is
applied to-.an iron, obJect to prevent it from corroding.

4o

Passivity:' An unusual inactivity of metals which helps. keep
thém from corroding. - :

-

Voltaic cells: Devices in which chem1ca1 reactions are used
to produce electricity. . .

e
-
A

. . i . 42 CH-06/Page 37
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INTRODUCTION

B &
Approximdtely'three fourths of the eqmth's elements are
metals. Many of these metals are important to civilizdtion;
in fact, it is d1ff1cu1t, if not impossible, for peopT_'to
go through their déily lives w1¥m

made from metals:

out’'relying upon products'
~coffee pots, toasters, refrigerators, *
automobiles, tqolsi doorknbbs; and countless other items.

number of important properties of metals and>alloys will be

considered in thls module.

N
P

Ceramics are also studied in thls‘module“—“ﬁeramTtSFand‘“““~
metals comprise two of the three major materials £§m111es
The third member of the material¥%families, plastics, will
be studied in WOdule CH-10.
strength and good heat and thermal-shock resistance. The,
ceramics family is large and varied. ::}\\

It includes cerami
brick, Uses of thése materials™\_ ~

&
Cerdmics have high compression

glass, cement, and porcelain.

2

range from common tableware to temperature Tesistance nose

cones for Tockets. .

-

~

PREREQUISITES

4

The student should have completed Modules CH-01 through-
CH-05 of Chemlstry for Energy Techpology 1 and Module CH-06
of Chemlstty’for Energy Technology 11. ’

N

CH-07/Page 1
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OBJECTIVES

¥

able

Upon completion of this mddule, the student should be

to:

Explain the differences between crystdlline and amor-

phous solids.

List some of the advantages of allpys over pure metals
Match .the types of steel’ w1th their chemical composltlon

or physical propert1es

Describe the process “for:making cermets and list some

of their uses.

List some of .the .mechanical properties of materials that

.
>

ist the three major materials families.
escribe the type of bonding that occurs 'in metals.
ist four members of the ceramlcs family.

are commonly determined through testing.”

Define the following terms:

Page

" 2/CH-07 "

a. ‘Freezing point,
b Melting point.
c. ;F§dblimation.

d. , Density.

e Specific gravity.
f£. . Elasficity.

g Fatigue 1imit

h. Tensile strength

i. Compressive strength
j Hardness. .
k Impact strength..

1 Creep._ B N
m Ductifity. i

n Malleability.

0 Alloy.

p Cermets.



.type of.bonding that occurs in the crystal: the ionic

\ a SUBJECT MATTER

A .§61IDS

All metals, except mercury, are solids at room tempera-

s

ture.” Solids are less compressible than liquids and much
less compreségble thi¥q gases. In fact, solids often are’
said to be in¢ompressible. Solids retain their volume and’
tﬁeir original shape when placed in a container. At the
molecular. leveL the molecules or ions are in rapid motion;
but this motlon generally is restricted to vibration .about
a fixed p01nt} The individual molecules or ions are not
mobile; they %tay in plade. These particles arraﬁge them-"
selves in regular geometric patterns, or lattices — not .
randomiy as is characteristic of 1iquidsdor gasés,

BONDING . : : _ L

Solids may be classified into four groups, based on the

lattice, the covalent lattice, the molecular lattice, and
the metallic lattice. An example of the ianic lattice is
sodium chloride. This crystal consists of alternate posi-
tive and'negati&e ions. TheYponding, or force, holdiﬁg»the
crystal together)is the attractive forces between oppositely }
charged ions. These strong,|\attractive forces cause the - -
crystals to bé hard and brittle with a high melting point. - -
Tonic lattice crystals do not.conduct an electrical current
when 5olid But will conduct a current when they are,melted.
‘In some solids, the atoms are. bound 'together by shared
pairs of electrons to form a covalent molecule. There are

CH-07/Page 3
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no independent molecules in these solids; they are continu-
ous. Diamonds and sand, which are composed of carbon and
silicon dioxide respectively, are examples of covaléntly
bonded solids.  These solids generally hayg very high melt-

ing points, are very hard, and are nonconductors of electri-

city.

Some solids are composed of independent, covalently
bonded molecules. The only Binding forces between- the mole-
cules are relatively weak polar attractions, These solids
have 1ow malting points, and the crystals, are soft. Dry
ice (which is carbon dioxide) and liquid oxygen are examples
of this'fype of solid.

Solid metals are coméosed of networks of positive ions

-

interspersed with clouds of loosely bound electrons. These
mobile electrons account for the high electrical and thermal

(,oudug,tivity of—metalss T T T o

A

MELTING POINT )

The temperature at which solid and liquid states can
exist together is known as either.the melting point or the
freezing point, depenging upon the direction of changel
occurring. If the amount of solid in equilibrium with the

»

liquid is increasing, the temperature is referred to as the
freezing point; if the aﬁ%unt of solid.is decreasing,kthe
temperature is known as the ﬁélting poin;.' Melting-occurs
when the crystal has absorbed enohgh energy to allow the
particles to overcome the strong forces holding 'them together.
For crystalline solids, this temperature is a very definite
one and may be used to identify unknown solids+or to check
thgir_purity. Some solids, suchﬂas glass and plastics, do

\

47
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not have a regular, geometric lattice pattern. ‘Thége amor -
phous solids can be viewed as supercooled liquids, that is,
they” havé an- irregular arrangenent of the particles compris-
ing the sqliq. Amorphous solids do not have a sh%jp, fixed,
melting point; ;ather,_they soften and melt over a range of

. temperatures.

SUBLIMATION ’ .
P +

When heated,

the gaseous state without pa551ng thrgﬁgh the 11qu}d state

., .
certain solids 4re converted directly to

@

a process known as sublimation. Dry ice, naphthalene, iodine

and camphor are solids that undergo sublimation at ordinary

atmospheric pressure. Even solids that can form a 1iqhig

For example, the vapor pressure of ice

phase can sublime.

’

is 4 mm of mercury at 0°C. §;€H>ag the freezing temperature
(or below), ice will gradually be converted to water vapor
throqu the sublimation process. On & cold, ‘winter day, -
even with the temperature below freezing, ice will "dlsappear

from streets and trees through the sublimation process.

“ .

~ [

‘PROPERTIES OF METALS

Metals have
in the selection
These properties
sity, electrical
luster.

*  and ductility.

a number of properties that are important
of a metal for a particular applicatioﬁf
include physical ‘properties, such as den-
con¢u§t%Vity, ih?rmal conductivity, and

The mechanical properties.are strength, Qardness,
Mechanical properties are determined by «

)

CH-07/Page 5
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application of force. They indicate sultablllty of a metal

- )

fOI‘ mechanical serv1ce or, use

 DENSIRK B

Density,’ defined as 'weight per unit volume," is shown
by the following equation: :

S

(. ]
- N
D=y

here: , ' N , ) .
! . D = Density. T | . \\\\ -
. "\ W = Weight. _ - . S
V.= Volume. | 4\\\\\\ g .
A = . .
Densiyy is often measured in terms of. gréms per cubic centi- ; -

meter. \ Density of metals is receiving 1n%reased attention ‘
because \of the many appllcatlons and uses of metals where ;.
weirght is\ an important factor.. For. example) engineers are
constantly seeking metals of htigh strength Qnd low welght
for use in \airplanes and automobiles. In fa&t “metals are”
.being displaced by low-de sity'plastics in many appllcatlons

Specific\gravity is the ‘weight of a voluﬁé of a mate-

' - rlal comparedﬁ&%th an equa
grav1ty of th ost dense me al osmium, js approximatiely

‘¢40 times that of the lightest ¥ 1, lithium. The spetific

gravity and strength-to-weight ratios of some metals and ‘ v

volume of water. spec1f1c

allpys are ‘given in Table 1. The streng;h-to-wel ht gratio
is the tensile strength in pounds per square inch divided

g ’ E4
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{ 2 { v »
; . ./,
* 7
\ , . / .
by the density. The effect of forming an alloy on the
strength of a metal is clearly shown from the data- for iron
and steel. The strength-to-weight ratio for irom is ‘in-
creased nearly 10 times by alloying it with other metals to
: form steel (from 125,000 to 1,100,000). S
/‘;: | ‘ ?
TABLE 1. SPECIFIC GRAVITY AND STRENGTH-TO-WEIGHT
RATIOS OF-METALS AND ALLOYS. o
Materidl - Specific . Strength-To-Weight Ratio.
, Gravity (tensile strength/density)
. |Magnesium 1.7 545,000‘( ’
, vé'Bi'{Iylleium alloy | . 1.8/ | . *1,100,000
, {Aluhinum allgy 2.6 . 800,000 )
. |Tttanium alloy | - 4%6— 1,100,000 -
Steel .© - {w -1 1,100,000
Iron. . & - 7.9. _ 125,000
Copper o " 8.9 | . 7. 87,000 " | o4,
Nickel 8.9 - \\\\349h000 &

2

’
THERMAL PROPERTIES

S Metals exhibit.a fewocharacterlstlcs that are regarded
as ; their thérmal propertles s/é53c1f eat, thermal con- ,
ductivity, and thermal expansion. S:Z:??szgea\ for a given

' " substance is defined in tlie metric. system as ‘'the number of

'calorles required to raise the temperature of one gram of
that substance one degree Celsius." Generally, metals have
L4 -

E
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strikingly low specific heats. FAr example, gold has a
.specific heat of 0.032, and lead/has a specific heat o
0.034;‘whereas, in contrast, water has a specific heat§h£/
1.0, and ethyl alcohol has a’s ecific heat of 0.581.
Thermal conductivity is the rate at which heat is trans-
_mitted through a material. Metals usually trangff;,heat by
/ electron‘transferfand, somegtimes, by vibratiops of the atoms.
The high thermal conductivity of metals is due to their. free
electrons, thch nonmetals do not have. .

g Metals generally ipcrease in volume when they are
heated. This expansiop usually-is defined as '"the change

- in length of the metal when +its témperatu;e is changed one
dégree." The coeffigient of expansion of some metals is
‘ givén in Table 2, and an example of thermal expansion is
given in Example A. .
TABLE 2. LINEAR COEFFICIENT OF THERMAL EXPANSION OF METALS.
s . .
Linear Coefficient of Thermal Expansion
Material (in/in/°F)
“Lead 0.0000163 /
Magnesium . i -0.0000151 ,
Aluminum 0.0000133 /
| Iron S I / 0.0000065 &% , °
- Titanium : O.BUBQ047 /
. ' v ) 7
;\ //
~ y .
< //
/
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 condyctivity becauss

EXAMPLE A: ° THERMAL EXPANSION.

Given: A 100-foot bridge span made-ef steel (iron).

‘Find: Calculate the increase in length when the tem-
perature increases from—0°F to. 100°F. ' ) ’

Solution:* 100 ft x 12 in/ft = 1200 in

- 1200 1n x 0. 0000065 1n/1n/ F x 1 F

= 0. 78 in. °.' -

- The 200-foot sfeel span increased approximately
three fourths of an inch with a change in temper-
ature to 100° F Therefore, it is apParent that
an engineer must con51der the thermal expansion .
of materials-in de51gn1ng structures that are

,subjected to chaﬁges in temperatuFé.

-~

i

;s T S o et
l"
4 .

ELECf%ICAL CONDUCTIVITY ) Vs //

Metal atoms have valence electrons that are not firmly
associated w;th one partlcular atom. measure of the ease

-with which these electrons/ffew through the metal latilce is
called electrical conduc;fv1ty, whergas the ;nterference

~which a metal offers to fhe passage/of‘electrons is called

]

the temperature of a

electrical resistivity.é/zncrea51n
metal increases the vibfrational™:
by interfering with.electron flo

'decreasing conductiv-

igy. Adding alloyin elements to a metal also decreases
this adds /a greater mount of imperfec-
tions to the metal ‘lattice.. Lbowering the temperature of

metals will increase conducti
/

| \ ° /“ | . : ” : A “‘ :
at y \ ’ CH-07/Page 9
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. A .
absolute zero, the metal may bbcome super-conductive. §9me

electrlcal devices are kept cold to.increase their electrical

-

conductivity.

N\ . N . *

MECHANICAL PROPERTIES AND TESTING
. Cﬁ\ . SN

Strength, hardness, ductility, and toughness. are mechan-
ical properties of metals. These properties make:them useful

1n many appllcatlons. When metals are compressed or stretched,

the atoms of the.crystal aré either pushed together or-pulled
@partuebut when the force, or load, causing the deformation
is removed, the metal returns to its original dimension.

This property is called elasticity. The most common test to
identify the. strength of a metal is to pdll a specially con-
structed’specimen of the metal until it breaks. The valué

>

obtained, called tensile strength, is dependent upon the

orientation and size of the grains that comprise the metal.
The tensile strength gives the ultimate point at which a
structure would break under a load:.' Therefore, in designing
a structure, engineers make certain that the tensile strenéth
is not approached- closely

2
.

Dynamic, or cycllc, loadlng is algb 'a very important
part of the study of the strength of metals. For instance,
aload applied repeatediy c?n cause/ffacture in a metal at
a much lowe{ value than'ultimate temsile strength. Most

steels have a fatzgue limit of approximately 50% of their

tensile strength.. . - .

At elevated temperatures, the strength of metals de-
creases because the activity of the atoms increases and
their attractlon decreases. For example, the tensile

S
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strength of steel is 8@\900 psi at ordlnary temperatures,
but it is reduced to 30,000 psi at 900 F (482°C).

Compressive strength is_the ab11Lty of a material to

resist a load that is pfesslng downward upon it without

breaklng High compresslve strength is required fbr founda- ..

tlons, supports, and pillars, such as those used 1n bridges.
The hardness of a metal is a measure of its res1stance
to indentation or penetratlon. The three most common hard-
ness measunement rests are as follows: .Brinell, Vickers, and’
Rockwell. The Brinell hardness determlnatlon consists of
applying a load of- 3000 kg for 30 sgconds to a hard steel
ball that is 10 mm in diameter as it rests on the 'smoeth
surface ‘0of the steel to be tested. Then the diameter of the
1mpressﬂon made by- the ball is measured, and the Brinell num-.
bei\gi calculated. The Vickers test is similar; however, a
diamdnd pyramid is used instead of a ball. 1In the Rockwell

test, the indentation made by a diamond.cone under a load of
150 kg is measured. Since the tfelationship between hardness
and tensile strength®ij steel is very consistenty and the -
hardness tests are nondestructive, hardness tests are often
used to give an estimate of. tensile strength. Thls 1s a
convenlent method of checking on heat-treatment procedures.

However, Ytrue ténsile strength can be determrnjp only through
. E

destructive testing. . ~ o
Impact strength 1is another important cons1derat10n in
material selectipn. A metal may be strong, as indicated by

a h1gh\t‘g£31e strength but may have a low impact strength -

that is, it is relatlvely brittle. Impact strength, or tough-
ness, of a materlal is its capacity for resisting mechanical

shpck. In"determining impact strength, the test specimen is.

placed where it maykbe struck by a heavy pendulum that is
released from a fixed, height. ' S
LA ' v ' X (‘} )
) T S ‘54 CH-07/Page 11
“ . .- ‘.\'

®. .

Ay




,ability. .

-

When stressed over a long period of time, some ‘metals
extend very gradually, and they may fa11 at a stress well
below the tensile strength of the metal.
known as creep.
peratures. The effects of creep must be congidered in steam

This .phenomenon is
Such slow extension ¥s common at high tem-

turbines, boilers, aﬁd other equipment subjected to continual
h1gh ,temperatures.

Additional metal propert1es that are important are
ductility and malleab111ty.. Ductility is a measure of the
Malleability

is a measure of the ability of a metal to be rolled out or

ability of a metal to be drawn into a wire.

hammered into thin films. .Copper, silver, and gold are

metals that exhibit a high degree of ductility and malle-

‘a

* The metal tests just considered are called destructive

"tests since test pieces are madée and tegted until a fallu{,j

occurs. ThlS type of.test is adequate if the test piete +s
representatlve of the production material.
such as rolled steel and‘drAwn rod ¢ which are uniform in

properties throughout a large.batch of material — destruc-

In materials

-

tive test1ng can accurately predict ‘the properties of a final

product. However, in ﬁuhﬂadually produced parts — such as

castings and welded joints — the quality may vary widely. In

°su cases, non- destructlve tests can be used. Non-destruc-
tive tests .include X-ray methods, gamma-ray methods, ultra-.
sonic testing, magnetlc part1cle inspecti®n, and dye pene-

trant examlnatlons;

. L

@
1




4

R ALLOYS
. An alloy is usually composed of two or more metals; or
it.can‘Beﬂone metal and a nonmetal, such as carbon, phos-
phorops, or silicon. Although there are several reasons for
making‘alloys of metals, the primary one is to improve the

‘ mechanical*» properties of the principal metal. "For example,

»

it.may be desirable to 'increase the hardness, tensile
strength, ductility, or toughness of a metal. Other reasons

?

for forming an alloy.include the following:
« To improve the corrosion resistance of the'principal
metal.

-

- To improve the.casting, hot workin&) weldability, or
other processing of fabrication characteristics.

N !

\

CLASSIFICATIONS

. .
. . LY
. 4

Alloys can be grouped into three classifications based

upon their structures. . ‘ ‘

.
’

1. The alley may be a simple mixture in which the component
r -

metals are insoluble in each other and the elements re-
tain their identify. For example, tin and lead (in
plumHers solder) are ihgolublé in each other in the
so6lid state. ) .

2. The alloying element’also can be dissoived into the crys-
tal lattice of the major metal to form a solid solution.

3. In intermetallic combounds the atoms of ‘the components

’ of the ailoys appear -in definite atomic ratio, such as
copper-zinc alloy CusZng: - '




~ .

N The composition, uses, and properties of some common ‘ T
elements are giy?nvin Table 3. Some of the alloys, such as
stainless steel, may have variable compositions - that is,

- there is5 a variety of steels that are labeled 'stainless.! '
. - ’ .

AR
TABLE 3. COMMON ALLOYS.

—

Name

Composition

Properties

Uses

§{ Stainless

80.6% Fe, 0.4% C

Res1sts_corrosion

Kitchen fixtures, |

steel 18% Cr, 1% Ni tableware
Pewter 85% Sn, 6.8% Cu Corrosion resistant Utensils
6% Bi, 1.7% Sb -
Dental 70% Ag, 25% Pb Easily worked - Dental, fillingg,
amalgam $ Cu, 2% Hg * .
Monel 69% Ni, 33% Cu, 7% Fe | Resists corrosion, Kitchen fixtures
’ - ) bright surface
Sterling 92.5% Ag, 7.5% Cu Bright surface Tableware
silver :

Yellow brass

67% €u, 33% In

Easily polished,
~ductile '

N - .
Hardware items

Wood's metal

30% Bi, 25% Pb,
2.5% Sn, 12.5% Cd

Melts at 70°C

Fuse plugs, auto-
matic sprinklers

ERIC

Aruitoxt provided by Eic:

yellow gold

12.5% Cu

' Bright, shiny

Stiver—coinss| 904Ag 104 Cu- | Resists corrosion, | Coins’ — - .-
u.s. - _ shiny .
‘18 carat, 75% Au, 12.5% Ag, Jewelry

°

Nickel, U.S.

75% Cu,/25% Ni !

—
Corrosion resistant,

shiny

Nickel coin

14/CH-07 -
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TYPES OF STEEL .
The most 1mportant alloys are those of iron which ake
call 8d ''steels. Iron and steel can be ¢lassified as fol-
lows: (1) pig iron, (2) 'cast iron, (3) wrought iron, (4) /
metal powder-sintered iron, (5) carbon steel, (6) alloy !

steel, (7) high-alloy steel, and (8) tool steel. Each of
these classes are discussed briefly in the following para
graphs. - . '

Pig Iron ;
\
\! Y -

Pig iron is not used directly to produce finkshed
articfés,_but is used as'a raw material in producing more
highly refined iron or steel. Interestingly, "pig iron"
received 1ts name because it was thought that the rounded
backs of the bars — as they were cast for later remelting -

resembled a herd of pigs. \jlg iron contains 4% carbon;

~

therefore, it is very hard ind brittle. Pig iron is the
product obtained from a blast furnace — which is .the method .,
used to reduce appfbximate y 90% of the iron‘ore to metallic
iroqg 'A blast futnace cofsists of § steel shell that ‘is '
approximately 30 feet in/diameter, up to 150 feet high, and

' ined with refractory firebrick. 1Iron ore (iron oxide),

(//ij::éténe (calc;um carbonate), and coke (carbon) are intro-

. duced through‘the top of the furnace. Air that has been
preheated to IZOOJF is introduced thrpugh the bottom of the
furnace. Thus, the iron oxide is reduced by -themcarbon Fo'

form pig iron, which is removed from the bottom of’the fur-

nace at intervals. Large quantities of oxygen are used in
blast furnaces sifice the addition of about 5% oxygen to the
air yields an additional .20% output of iron.

S, . .
4

1

<

o8
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Cast-Iron

o .

Cast iron is producediby heating coke, pig-iron, scrap
> steel, and limestone.in a furnace. Although the composition
of cast iron varies, it usually <4s high in carbon coftent
(approximaiely 3%). Cast iron is the metal of the fbundry;

it is valued because of its good casting-properties, ease of

-
]
.
. M x

shaping, and desirable mechanical- and corrosion-resistant
. properties. ‘ ' - ' \

. Wrought Iron ~ | . . | ’

Althoﬁgh wrought'iron is decreasing in opularity, it
still is used in making pipe. Wrought iron‘ionﬁists of
approximatelyi0.0I%'silicone, 0.02% sulfur, 0.10% phosphorus,.
9.05% manganese, and 0.03% carbon. Iron, which is the remain-

ing element, makes up the balance.

. - Powdered Iron - . « e

Powdered .iron cam be converted, into many useful products
of complex éhapes-byvthe technique called ''powder metallurgy."
Powdered iron is ﬁlacbd;ip a mold and then compacted somewhat.
The article is then sintered, or heated, near the melting

. point of iron. The siﬁtering occurs in a controlled-atmo- -
sphere furnace in order to prevert éxcessive oxidation.

N
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Carbon Steel
‘ e . ;

The term "carbon steel" is used to, ‘denote those steels
having a carbon content of from 0.005% up to approx1mate1y
1.0%. Increa51ng the carbon content leads to marked in-

— ‘*““creaseS‘rn hardness and strength of steel These steels
have spec1f1c names, such as m11d steel low-carbon steel,
medlum carbon steel, and high- carbon steel. Carbon steels’
are used to'make the follow1ng. railroad rails, springs,

. machine parts, auto:frames, and steef for galvanizing and
'- enameling. "Carbon sté?ls may contain small amounts of other

,elements, such as manganeée, sulfur, copper, and silicon.

;c

-

Alloy Steels. L
(It was determined by accident that steels with higher
than normal quantities of alloying elements had markedly
"different characteristics than regular carbon steel. The
* most commonly-used alloying metals in steel are copper,
vanadium,\nickel, chromium, molybdenum, and manganese. - Since
many alloys can have \approximately the same comblnatlon 0¥
propertles, it is common practice for de51ggef§ of englneers
to spec1fy the propertles desired of a steel and leave the
composition up to the _producers. A common use of alloy
steels 1is in Appliéations cglling for a high tensile strength
steel, such as in the manufacture of cranes, truck frames,
éﬁd‘railroad cars. This tensile strength is greatly improved
by careful heat-treating of the steel. Alloy steels gener-
ally-have a low concentration of carbon. Steels for use at
elevated temperatures (up to 1100°F) usually contain as much
as 9% chromium. For low temperature a plications, altoy a
steels containing as much as 9% nickel \are used. )

.

-
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High-Alloy Steel o

'Whéh'thélcombined amount of chromium, manganese, or
nickel in steel is 10% or higher, the material is called a
"high-alloy" steel. The stainless steels are One major
class of high-alloy steel. There are more than 30 standard
stainless steels. These are noted for their corrosion Te-

sistance, as well as their non-magnetic and outstanding low-. ~
temperature characteristics. Unfortunately, stainless steels’

may cost 10 times as much as carbon steel.- An important

4 éhplication for high-strength, heat-resisting alloys is in

steam-piping and super-heater "tubing in a high-pressure-
steam, electrical- powér‘generating plant. A high®chromium-
nickel alloy is used to withstand the 1100 F operating tem-

peratures in these plants

Tool Stgel

\
Thefe is a family of steels manufactured specifica{;;i/

;,for making tools. These tool steels range from carbon steels

‘twhich are used for their exceptional hardness) to alloy
steels. Some, tool steels are used in-figh-strength struc-

‘tures, such as airframes ofyaircraft.
£ N

%-

L4

EXAMPLES OF OTHER ALLOYS

3 A greater variety of changes can be made in the mechan-
ical properties of iron by alloying with carbon than‘by

A

alloying with any other .element. Carbon can form a true

solution with iron, or 1t may form the compound 1ron carbide.
!
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Iron carbide is a material of extreme hardness that accounts
for much of thg hardening effect of carbon in steel. Manga-
nese generally is added to steel as an alloylng element to
combine chdmlcally with the oxygen or sulfur that may be .
present. It also promotes greater strength by increasing
the hardness of the steel. In high percentageé, phosphorus
is detrimenial to steels; it causes them to be brittle. How-

‘ever, in amounts qp-to~apprexima%e%¥—OTLO%T—éhosphorus_imr
proves strength and machinability of steels. ‘Sulfur and
selenium, in quantities of up to 0.30%, are added to some
steels to improve their machining properties. These elements
. apparently lubricate the tip of the machininé.tool thereby
preventlng it from galllng §r seizing with _the materlal be1ng
machined. Silicon is used prlmarlly to remove an excess
amount of oxygen from steel, but it also improves the hard- .
ness and strength of the steel. As much as 4% copper may be
added to steel to retard corrosion and increase its hardening
ability. Chromium, the basic element in stainless steels, is
added primarilx.for its hardening effect ang/&ts outstanding
corrosion resistance. An 1nterest1ng appllcatlon of nickel
in steel 'is in the manujacture of invar, Which contains 35-
45% nickel. Invar has an exnremely low thermal expansion .
characteristic and is used in glassblowing applications where '
. metal-glass seals are required. Molybdenum normally is added

to steels for service 4t elevated temperatuYes. It greatly

increases the high-temperature strength and creep-resistance

of alloy steels. Lead is added to many types of steel to
" improve their mach1nab111ty, thereby allowing parts.to be

machined at greater speeds with consequent savings in costs. .

LY ' ' . .
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CERAMICS | : '

4 -

Metals comprise one of the three major materials fami-
lies. The other two, are thg organic plastics and the ceraniic
materials. The 1nogran1c ceramlc famlly is large and varied.
It includes glass, brick, cement, porcelaln, and ceramics. s :
Ceramics, as a class,.have low tensile strength.andA;;g_"w‘.
———————relatively -brittle—Ceramies—have—a—much-highercompressive . S
“strength than tensile strength. 1Ip fact, the widespread use '
of cement is attributed primarily to its high compressive
strength. One of the major distiﬁguishing characteristics
of the ceramic family — as compared to metals — is their ) ’
almost total absence of ductlllty Ceramic materials -in

general - are con51derab1y ‘harder than most other materlals,
°  making them espec1a11y useful as wear-resistant parts and
- ——for abrasives and cutting tools.

Ceramics have the highest known melting p01nts of any
materials. Hafnium carbide, for example, has a melting point
slightly above 7000°F compared to 2600°F for the metal tung-
sten. Because of-their excéllent temperaturé resistance,

‘ ceramics are used in linings of furnaces for making glass
- hndWsteelﬁ_wCeLamicsgaxe_relatixely;low_ingthexmalgcondpctiVLW"al
ity and thermal-shock resistance compared to metals. S
Almost all ceramic materials have excellent chemical ° ?
. Tesistance. They are inert to all chemlcals except hydro- -
fluoric acid. Ceramiés have relatLvely few free electrons
and, therefore, are.nonconductlvg, as well as\belng good
electrical and thermal ihsulators. |
The tomposition of ceramics variks widelyf Ceramics -

v

. contain metals such as aluminum, silicon, magnesium, beryl-
lium, titanium, and boron, cdmbined with non-metals such as,
carbon or nitrogen. Some ceramics contain only one .

/ ! -
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compound, whereas others contain a combinatien of 'two or more -
compounds. Alumina (Alea) and magnesia ‘(Mg0) are two of the .
most common ceramic compounds that are single compounds

The basic steps in producing ceramic.products are (1)
preparlng the ingredients for formlng, (2) shaping or form-

ing the part, ~(3;~dry1ng, and (4) f1r1ng or siptering.

»

Ceramics'can be formed 6;\3 large number of ‘methods in either

the-dry or-liquid state. - Parts— maynbe made--by casting, mold-
ing, pressing,‘or extrusion. Drying is conducted "to remove
any moisture prior to firing. Ddring firing, chemical reac-
tions occur. These reactions produce the final bond;ng.
Ceramics have many\technicaltuses because of their high

temperature and chemical, -electrical, and abrasion resistance.

They are used in gas turbines, Jet engines, nuclear reactors,

v o
¥

and for h1gh temperature processes Some w1dely used ceramics
and their applications are considered in the following para-
graphs.

Refractory ceramics are proﬁuced from clays. Alumina
(alumlnum\Q\}de) is the most widely used refractory ceramic.
It is relatively low in cost, is plentiful, and has good me-
chanlcal.propertles. Alumina is widely 'used as an electrical

Ainsulator~and—in applications utilizing its excellent chem-
_ 1cal re51stance Beryllia (beryllium oxide) is noted for its

high thermal conduct1v1ty, which is about 10 timés the coi- .
ductivity of aluﬁlna and three times the conduct}v1ty of
steel. Because of this high thermal conduct1V1ty, combined

with excellent electrical resistance, beryllia is used for

transisters, resistors, and in other ‘electrical appllcatlons
to distribute heat. Unfortunately, beryllla is costly, dif- .
ficult to work with, and its dust is toxic, requiring special
handling and precautions. Cordierite is a‘mixed oxide -used

.
-
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/ .
iﬁ heaping eglepents, t@er ocoupies, :adianqﬁelementq‘in
furnaces, and as furnace refractory brick. '
There are three copmonly used carbidesi/,sﬁlicon carbide, -
tungsten carbide, and titanium carbiig,//THese carbides have
the highest melting pdints of all maferials.’ Silicon carbide
"is commonly known as/carborundum; it is used in wear and " N
ab?asion applicatiofs. ,Tungsten carbide is used mainiy for
——————cutting—tips-and—tootls: = i

Ferrites are mixed metal oxide ceramics that contain

high electrical resi§tiv${z and strong magnetic properties.

magnet motors/in automobiles, small appliances, and portable

electric too s; and as the phonogréph pickué,devicé. °

‘ s an important member of the ceramic family. It
is one of /the oldest and most widely used materials. Glass

! is made from the most abundant resource oﬁ/the earth — silica,

.or sand/ Many types of glass are produced. Soda-lime glass

/o
-
0
ct
=

least ‘expensive. It is commonly used for bottles,

kitc enﬁére, windowpanes, and pléle glass and accounts for
’ abodt 90% 'of the .glass used in this country. Soda-Iime glass
‘made from soda asﬁ'(Na2C03),.lime (Ca0), and high-purity
and (SiO:). . Lead glass is made by utilizing the additives
lead oxide and poetash (K.CO3;). Lead glass has- excellent ]
optical p;qpfﬁ;ies and is widely used for lenses ipﬁspecta-§.
cles and optical instruments. It is also used fo; cut glass, '
tableware, and Vvases. Lead glass is often’calleéﬁWcrystal,"t"
Aéphough, like all glasses, it has no cryskgllineﬂétructure.
Borosilicate glasses ‘have excellent chemical durability, asw
well as\resistance to heat and thermal shock. One variety,.
known z:\Px£§x,'is used:' in ovenw§1§. Another variety, knoﬁn

as Kovar, canh be used to form glass-to-metal seals.

> f .
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Borosilicate/glasses are uséé/in gauges, sights, piﬁzﬂg,
electronic tuges, pump impellers, and laboratory gla, sgar
/ - -]
_ Borosilicate glass contains- approximately 18% b§;6’7ox

hlghgtemperature strength, however, tney are bRiftle and™
) ‘ havs/poof*resistance to mechanical;kﬁock. To :xercome some
. of/%he deficiencies of peramics, combinations of metals and
. ceramics have been developed. These materials, known' as
cermets, are made by powder metallurgy methods. Powders of
suitable particle size that contain a mixture of metal and
ceramics are compressed in dies under high pressure. The
powder undergoes a degree of cold- weldlng and w111 hold its.
ysnape when removed from the die. It is then sintered or
he@ied to a temperature near the melting point of the metal
to alloﬂiknikting of the metal particlesi Then, the cermet-
I's composed of hérd rigid ceramid‘partiéles bonded in a tough
- meétallic matrix. The proportlon of ceramic-to-metal can be
| * varied to produce cermets with a range of properties. Cermets
o . T are psed i eat1ng elements, bearings, gas-turbine parts,
rocket- eng and jet-engine parts, lamp flléments, cutylng

tools, and grinding tools. - e - \\
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- LABORATORY MATERIALS o \

Laboratory 1 : . :

10 t$st tubes

Test tube rack ~/_ —

5 strips of copper, approizﬁétel¥\2\x 1/2 inch ) :

S strips of zinc, approximately 2 x 177 inch ) l (///
 Glass rod .

Lead nitrate, 5% solution ,
Zinc nitrate, 5% solution y .
Mercurous nitrate, 5% solution . Y

Silver nitrate, 5% solution | _ o

Copper nitrate, 5% solution.

.Laboratory 2 e ,

100_m1 beaker ’
Test tubes, small

.
'
v k,.

HC1, 6 M~
AgNOs, 0.k M - ‘ .
’ ng(NO;;)z, 0.1 M v .

' " Pb(N®3)2, 0.1 M
Medicine droppery
K2Cr0u, 0.1 M -2
NHLOH, 6 M
. HNO;, 6 M .
Unknown §o;ution containing any combination of‘silver, lead;

~ . *,
’ ” - ~~

or mercury ions ’ R e

¢ .

0, RS N
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LABORATORY 1. REACTIO

In thlS experiment, strips of zinc §H¥/eqpper are
reacted with various sait solutions. Equatlons are tobe

written in the Data Tables for those cases where reactions$

» : . . . .
occur., Metals are to be arranged in an activity series. Y

5

@

- R . .W
. " ]
PROCEDURE . .
. 2
Caséfully record all data in Data Table 1. T A
. $7 >
1. In separate test tubes, place solutions of copper :
qitrate, silver nitrate, mercurous nitrate, zinc ni-
- 2, *
trate, and lead nitrate. L 7 . “ ,
2. Put a strip ofgzinc in each test tube. Bdmd the end Ce

- o{ 7he strip so that it hangs on the edge © the test
tube. - % N
3. In five add1t10na1 test tubes, place solutions of copg;z Q}.
s n1trate, silver nitrate,’ * mercurous nitrate, 21nc ‘ni-

2

trate and lead n1trate I ; : s

| -

Y . S

4. /,/Put a strip of copper 1n “each of these test tubes.
Bend the .end of the strlp SO that it hangs on the edge
of the test tube. ) ) . ~

e
3
|
I
i

5; Let *thesmetal strips stand in the solutions%for at, '
ledst five minutes. ) ’7/ : - T

6. Remove the zinc strip that has beem‘ln the sElutlon .

' of mercurous® nitrate. o , n

7. Rlnse/tﬁe-strlp, “then rub it with a finger.” Bend the

______ﬁu_‘_mmﬂmstzipm@nd examine ‘the broken edge. (1) What imetal has

been deposited on the strip? -Record the answer in Data

Table 1. -0 v
-

| .
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. .
. . 8. (”/emove the copper strlp from the solutlon with-mercur- -~ -
" '. ous nitrate. Rinse and rub with a flnger (2) What '
) hes‘been deposited on the copper? Reécord the'enswer.
. (3) What does the color of the solution that remains
; ) ! in.the test .tube indicate? Record the answer %
:9. Remove the zinc strip from the silver n1trate solution :
and remove the deposit. (4) What metal was deposited
—_ . on. theé. zinc strip?. Record the answet. . .
) .10.  Examine ‘the zinc strip placed in the copper nitrate =~
) solutien' (5)- What, was depo§ited? Record the answer. °
17T, Examine ‘both of the test tubes in wh1ch zinc nitrate
) - "was placed. (6) Was there a reactlon? Record the
;o answer. (7) What occurred? Recoiﬁ a description.
.12 Complete the equations in‘Data-Table 1 for those reac-’
. tions that occurred. )
. ( 13. Use the data to arrange the metals in an activity series.
A . i .
, LABORATORY 2 OF METALS.
| oo . | ‘
| Analytlcal chemistry 1nvolves the methods of .determining
the composition of substances and mixtures of substances and
' solutlons., When chemical analy51s is restricted to finding
N which ions are.present; the analysis is qualitative. However,
L X ; when the precise amounts of the‘ions are determined,\theK
: . '.dnalysis is quantitative. Obviously, qualitative -analysis
: . ‘must precede quantitative, that is, nhat'is present in a -
:°‘ _substance «(the compositionj must be, “known before how much of
. a particular component that is present (the quantlty) can be
determined. e ¥ . .
5 * ' o . . ) >

‘ .
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In identifying a Substance such as KCl, one does not
isolate the potassium in order to recognize this metal. Nor
is chlorine gas obtained from the compound. This type of
approach would be accurate; but, in many cases, it would be
difficult to éérry out.. A more convenieht and equélly ,
reliable procedure consists of taking the substance into
solution and, by adding appropriate reagents, fo:ﬁing char-
acteristic insoluble compounds of each of the ions.” Thus,
in~ the- case of KCl, the presence of Cl~ would be indicqfed
by adding AgNO; to part of the solution. The formation of

a white, curdy precipitate would indicate the presence of
chloride. To another part of the original solution, some 5

Na3;CO(NO;)s could be added. A yellow precipitate would show .

the presence of potassium ion. A systematic procedure can
be established to positively identify all of the metals, as -
.well as all of the non-metals. In this experiment, the
;cheme for identifying silver, meycurous, and lea& ions 1is
used. . " . ‘

PRELIMINARY PROCEDURES '

Note: The  following procedures contain‘preliﬁinary

experiments. The“purpose o# preliminarty experiments

is to determine the main reactions of the ions. These.
., reactions are utilized later in the schemes of analyses.

CH-07/Page 27
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*  Lead Ion N

> ~

©

Carefully record all data in Data Table 2'. ‘

1. In a small test tube, add two grob§ of dilute HC1 .to
. two dropg of the test solution of Pb*"., (1) Note the
nature and color of the precipitate and record these’
findings in Data Table 2. .(2) Write the ionic equation
"for the formation of the precipitate ip-Data Table 2.
2. Allow the preéipitate to settle 'in the test tube (or
centrifuge the solution if possible). Decant, or draw

R

off, the liquidnwith a medicine dropper, Discard the

» ~  solution. :
3. Add several drops Jf water and stir, then remove the
water. . -
4, To the yaéhed-precipitate (from Step 3), add five d}ops
- of water.  Then place the tube in a boiling water bath.
. Stir while heating. (3) Does.the preciéitate dissolve?
\\ ! (Silver and mercurous chlorides are insoluble in hot

water.) Record the answer.
5. Add one drop of acetic acid and one, drop of K.Cr0. to
thé-soLuf;on. "(4)-What reaction is observed? Record

] &
; the answer. ~ - i

This, test confirms the presence of lead ion in’a solu-
tion. ) o E
L. _ . . '

Silver IOW

% . o '
" Carefully record all data in Data Table 2. |, *

-

1. Add two drops of dilute HCl in a small test tube that.
contains two drops of the test solution Ag*. (SjaNote

. /

-—

[ . -
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the nature and color of 'the -precipitate and record these

) fin&?ngé in Data Table 2. (6) Write the ionic equation

for thg format1a&~of the prec1p1tate in-Data Table 2.
Allow the precipitate to settle in the test tube (or
centrifuge the solution if possible). Decant, or draw
off, the-liquid with a medicine dropper. Discard the
solution. L

-~
.Wash the precipitate by adding two drops of water, stir-

ring‘ and centrifuging. Discard the washings.
Treat the residue of AgCl with five drops of dilute
NH3;.(NH.OH) and stir yntil the solution takes place.

Add dilute HNO; — drop-by-drop — and stir the mixture’
" after each addition until it is acid. To check for the

acid condition, touch-the wet stirring rod on diy, blue -

'litmus paper. If the piper turns red, thé& solution is

acid. = (7) What happens? Regord the answer.
— ; , : .

Mercurous Ion

washings.

CarefﬁlLf/;;EBTd all‘data in Da}a Table 2.

In'a test tube, treat two drops of the test solution of
Hg.** with two drops~bf dilute HC1. (8) Note the nature
and color of thelptecipitate and record theSe findings : -
in Data Table -2. ,(9) Write the,equatioh for the forma-
ation of the precipitate in Data Table' 2:

Allow the precipitate to settle in the test tube (Qr‘
centrlfuge the' solution- 1f p0551b1e) Decant, or draw -
off, the .liquid with a medicine dropper. Discard thgr'
solution. o ’ K .

Wash the residue with two drops of waterx Discard- the

.o CH-07/Page 29
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4. Add two drops of dilute NH; to the residue and stir the
precipitate. (10) What is the color of the precipitate? .
Record the answer. ‘ .
Centrifuge and reject the solution.

6. Add aque.regia (one drop of concentrated HNO;, four
drops concénQrated HC1) and set the tube in a water
bath. Heat- and stir until solution is compléﬁe.

7. Transfer the solution to a 5 ml beaker and carefully
boil down just to dryness. (Do not allow it to become ‘
completely dry.)

~

- 8. Add two drops of water. Transfer the clear solution to
a test tube and add one drop of neagent SnCl.. (11)
What is observed? Record the answer.

.
Y

PROCEDURE
Analysis of Silver, Lead, and Mercury Ions

Carefully record all data in Data Table 2.

1. Add two drops of dilute HC1l to 1 ml of a test solutiop
éqntaining silver, lead, and mercury ions. _Stir vigor-
ously and allow the precipitate to settle.

w2, Add one more drop of dilute HCI.

3. - To the residue, add three drops of diluge HCl and stir.

' Remove the washings and discard. ~ .

- 4, Add 1 ml of wa;er to the precipitate and place it in .
a boiling water bath. .Stir for several minutes.

S. Separate the solution from the residue, transférring

the clear solution to a test tube. The solution may™ -
“ be Pb*” ' ‘

4
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11.

12.

13.
14,

Tor two drops of SnCl.. A white, grey, or black precipi- .

s

- -

Add ‘a drop of acetic acid and five drops of K:CrO, to
the solution. A yellow precipitate shows the presence
of Pb**. , '
The residue may be AgCl, Hg:Cl:, and some undissolved
PbCl;. To remove the PbCl:, add 10 drops of water,
set the tube in a boiling water bath, and st@r for one

minute. Separate the solution and discard.

Add 10 drops of dilute NH; to the residue. Stir for
several minutes and separate the residue and solution.
Transfer the solution to a clean test tube. Add another

10 drops of NH; to the residue and stir. Then combine
the solutions. *

The solution méy contain Ag*. Add dilute HNO; and stir
until the mixture becomes acid. A white preEipitate
(or cloudiness) proves the presence of Ag*.
If the residue %s black, the.presence of Hg.*
firmed. However, to ensure confirmation of Hg.™™, add
five drops of aqua regia (four drops of concentrated HC1 |
and one drop of contentrated HﬁOg). Stir; then set in

a water bath and stir until the solution is complete. .¢
Transfer the solution to 2 5 ml -beaker. Then, under

hood, carefully boil this down almost to dryqé&s tok

* is con-

a N
.

destroy the excess aqua regia.

Add four drops of water and stir.
Transfer the clear solution to a test tube and add one -

tate proves the presence of Hg.**. (12) Obtain an
'unknown containing Ag*, Pb**, and/or Hg.**
it. Record the answer. in Data Table 2.

and analyze

L

‘

71
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DATA TABLES

DA{A TABLE 1. REACTIONS OF METALS WITH SALT SOLUTIONS.

M

(1)

(2)

(3)

(4)

(5)

(6) '
(7) :

Complete the following equations in the cases where a
reaction occurred: '

AgNOs + Zn . >
AgNO; + Cu

Hg2 (NO3)2 + Zn

Hg2(NO3)2 + Cu

Pb(NO3). + In ) ~

Pb(NO3): + Cu -

Cu(NO3)2 + In

Zn(NO3), + Cu . o \\\

Activity Series, e '
LY

(metal replaced by all others)

'Y

b4

(metal not replaced by any other)

s Page 32/CH-07



-4

4 . .

[ (10) . ’

1) - ' ' .
.2) ' -
3. ' - .

4) ) ) "
5) : ‘ N
6) o ‘ , .
7) . . ‘
8) '
(9).

NN TN TN TN N N

(11)
(12) Ions present in unknown:- --.
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. , GLOSSARY . .

¢

Alloy: A metal composed of two or more metals, or a metal
and a non-metal. -

@

4

Ceramic: A temperature resistant material composed of a metal
such as aluminum, silicon, magnesium, beryllium,
titanium, or boron, combined with a non-metal such as
oxygen, carbon, or nitrogen. ’

- »

Cermet: A material formed £¥om metal and ceramic powders.

Compressiye strength: The ability of a material to resist
a compressive load without breaking.

Creep: The slow extensiog\of a material.

Density: The weight per-uﬁlt volume of a matfrial.
A . .
Ductility: The ability of a metal to be drawn into a Wwire.

Elasticity: The property of a material that allows' it to
Tegain its original dimension after being deformed by
- a force. .

.

Ferrite: A metal oxide ceramic that has strong magnetic
-~ properties. ) '

Freezing point: Temperature at which solid and liquid states
exist together and the proportion of solid is increasing.

. * Glass: A member of the ceramic family that is comprised
primarily of silicon dioxide. -

- ’
Hardness: A measure of a material's resistance to indenta- -
@ tion or penetration. » =

Impact- strength: The capacity of a material for resisting
mechanical shock. '

, ‘

Malleability: A measure of the ability of # metal to be
Tolled or hammered into thin films.’ o

Meltfng point: Temperature at which solid and liquid states
exist together and the proportion of solid is decreasing.

Specific gravity: The weight of 4 volume of material com- '
pared with an equal volumg of wateriﬁ

P AN

’ "8 CH-07/Page 35
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Sublimation: The direct conversion of a so%i into a vapor
without passing through, the liquid stat

Tensile strength: The ¢strength of a material that is ex-
’ hibited when it is pulled apart.

Page 3'6/CH-0'7" . 79 . ’ .
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‘o . X
o IN.TRODUCTION

.

Thermodynamlcs is the study of the re atlonshlps between i

heat energy and ‘other forms of energy called work The ern-"
ciples of thermodynamlcs are important in power plants,.re-
frigeration, and other devicgg that use,ﬁ%et tq.produce power
or- that use engines to add or'nemove\heat. Heat, specifig
heat, refrigeration capacity, heats associated with changes
of state, and solar energy stoiage are some of the thermo-
dynamic topijcs considered in this module. Heat . transfer,
heat pipes, and heat engines are also dlscussed
X Thermochemistry is the study of the heat that accompanies
'. chemical reactions: Calor1 try, a method of measuring the
heat effect of fuels, is presented in this module, as well
- as the relationship between matter and energy. ‘ >
Thermodynamics and thermgchemlstry are 1mportant to s
the+energy techn1c1an because they are top1cs—¢hat relate

\\\if heat and, therefore, to the ﬁuels that-produce heat.

_ PREREQUISITES

W

The student should have completed Modules CH-01 through
CH-05 of Chemistry for Energy Technology I and Modules CH-0%,
.and CH-07 of Chemistry for Energy, Technology II. -

* "~ OBJECTIVES

[ 1

i

o

" Upon completion of this moﬂule, the student should be
able ‘to: ’ ' .
1: * Describe the relationship between potential ‘energy and

o

kinetic energy.' :
» s~ k
CHZOS/Page 1
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2. »-Use specific heats to calculate heat gdins and losses.

3. Use spe01£;c heats to calculate refrigeration capac1ty

4 %&R\ﬁate the dmount of heat required for phase %hanges
v sucﬁkas‘%u51on or vaporization. e

5. Calcylate the enthalpy (fﬁ%ﬁl heat) involved in the
‘heatiﬁg of a substance. J '

6. "Discuss the importance of high specific heat and high
density -for materials to be used for solar energy storage.
Identify three mechanisms of heat transfer. '
Briefly desgribe the operation and uses of a heat pipe.
Given the low and high temﬁératures, calculate sthe

efficiency of a heat engine.

Define the fbllowing terms: e
a. Calorimetry. ' . . . )
b. Heat of combustion. - Co-
c. Thermodynamlcs. T \ ’
~d.  Energy. o
e.  Potential energy . 3 N
£.  Kinetic energy. i )
g " Work. . o -, l
h. th. L) -
i. Calorie. ) :
j.  Specific heat.. g
k. Latent heat. . *
1. Heat of fusion. . K
m. Beat of vaporization., . e \ \-“‘
n. Sensible heat. - '
0. Enthalpy.' . )
p. Superheated vapor. = . N .
q. Conduction./ ‘ !
T. Cbnvection./ - - . ) et
. j A%
.ot ’,'f ' - .
- . ,‘4‘ | f':, : .

~ § ' M . i o
g Page 2/CH-08 / ?ﬁ: 82
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S. Radiation.

t. ..  Exothermic. -
u. 'Endothermic.
V. Heat engine. .,

+

. ol .
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qenergz is energy of- metrdh The magnitude of ‘the kinetic

/~ . SUBJECT MATTER

THERMODYNAMICS
¢ .
Thermodynamies is the science of the relationships bé-
tween heat energy (thermo) and other energy forms called
work (dynamlcs) Because of the energy crisis, thermody-
namics has gained in popularity, since better utilization
of the energy that is stored in fuels is needed. Many of
the pr1nc1p1es of thermodynamics are used in refrlgeratlon
Electr1ca1 energy is used to run a compressor that extracts
heat from the air. Thus,,refrlgeratlon is not the manufac-‘
ture of cold air, but it: s “the removal. of heat. A’ réfrigera- . g
tion svstem is a heat pump “thd't pumpS‘heat from a low- tempera-
ture level tgga higher*temperature level. From this hlgher-
temperature level, the theat can be rejected to air or water . .
An understandlng of heat, energy, work, and power is 1mpor-
tant to the field of refrigeration and, thefefpre, to the . °
energy technician: . T ) . ' )
Energy is the capac1ty to do work. Energy can be fouhq
in- many d;§ferent £orms, such as méchanic#®, chemical, elec- .« e

‘trical, light, or heat. Energy may also be c1a551f1ed as
either, pptentlal ox klnetlc. Potent1a1 energy is the enetrgy

that" an obJect pqssesses By V1rtue of jts p051t10n or com-

‘p051t10n\ For example water stored behind™% dam has poten-
"fial energy because of its positlon A combustibie chemical . *

has potent1a1 eneréy because of its composition. Kinetic:.

ener of an obJect 1s glven by the follow1ng relatlonshlp

* s . . - - o N ¢
4\/ ’».‘..~ Cey, . . L e . N
. <y L~ . A . . .
o - . N b N
. .. . ... . . N
. . . . .
o’ -

« Equation’' 17 *¢= v

\¥
M
o

v
.
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[ A
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& N
o, ‘_’
' ~ ' ‘ (>
’ /
b‘! ’ ’., c"
" where’ \ R - S
E = Kinetic energy. . - .
‘m = Mass. : . '
v = Velocity. , ) )
N Thus!, the larger,thg’pass of a moving obﬁect and the. greater
its speed, the more eﬁergy the object possesses. Work~ lS
. accomplished wan a force moves a.mass across a dlstance. : R
Work is defined by the following m%thematical expr¢551on:‘“
. e ’ - 3
: W=fxd Equation ’
. '.( - . - -
where: "
W = ‘
£ = P
o
d = . ' 13 -
. The Engllsh or engineering unit of work is the foot- pound
“ {ft-1b). One footupound is tHe amount of worE‘resultlng i
from the movement of an obJect with a mass of one poupd thfbugh
a distahce of one foot. ¢ ’ y j
> : .
: (e o T
. EXAMPLE A: CALCULATIO@ OF WORK. .
Given: . Water weighs 8.3 lbféalk
Find: Amoufpt of work done 1n pumplng 500 gal of water
"to'a helght of 100" ft. -
. Solu;i%n. 'W=fxd o0
RS = 500 gal x 8.3 1b/gal x 100 ft
oo “y = 415,000 ft-1b. _ ,
: DR = L
. %2 e . -
- :‘ _?'Q s g z . . X \ .
Page. 6/CH-08 ‘
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"All matter is- compgsed of atoms and molecules that are
in constant motion. When heax¢1s added to matter, the atom
and molecules increase 1n motion or v1brat1on. Heat is a
form of energy that cannot ‘be measured directly’ "’ Howéver,
the 1n¢ens1ty of heat can be meas ed with a thermometer *
tha; gives the temperature of a substance. Temperature is .
8 a relative value: La’ substance 1is e1ther hot or cold in re-
1ation to anothe obJect. Por example, boiling water is
hot compared to ice, but is cold compared to molten 1ron.
"Heat and temperatyre, should not be confused. Heat 1s a mea-
sure of a quantity, and temperature is a measure of- degree
or intensity.~ Fo example, if both.a one-gallon and a two- .
.~ gallon container contained boiling water, the two gallgas
of water would contain twice as much heat as the- ont gallon
of .water, even 1f bo'th hid the same temperature of 100°C.
The Br1t1sh thermal unit’ (Btu} is the unit of heat quan-

.

.tity normally used in refrrgerat1on and other eng1neer1ng '

[

work.. The ‘Btu is the-amount of héat energy necessary to "

raise the temperature of one pound of water l F. For example“
it takes 10 Btu to raise’ the temperature of one pound of water
from 85 to 95°E. : ',/ ‘ S )ﬁ/

° The calorie is theg:;}t of heat quantity used in scien-’
tific work. The: calorieis: the heat energy necessary’to/”
raisd the temperature of one gram_ of water 1°C. One,Btu
equais 252 gram calor1es. v

e

b
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- SPECIFIC HE&4

- L3

; o - 3
Specific heat is the amount of heat required to raise

-

the temperature of one pound of any substance 1°F. Thus, :
the specific heat of water is one Btu per pound. The sbecific
heat of some common substances is given in Table 1.

b o <
"*TABLE 1: SPECIFIC HEAT OF COMMON MATERIALS. .
Matérial Specific Heat ’
N . (Btu/1b). . "
¢ m ¢ ‘ . & v - N . DN .
ﬂ; Aluminum ©0.226
. ’ AP Brass 0.090
et Copper 0.094 ,
g _ . ° Ice . 0.49°. .. . R
: ) Lead . . 0.031 :
- . 0il* 0.43 S
' ,| Stee - 0.11 : . - ,
., |Tin v . 0.053, . L . 1
PR " L Water 1.00 . ) 5
(A ' Zinc 0.096° .
‘ ‘t:‘.: ’ ) \ s -
s ° 1 . ° ~ 3 ®

K

In refrigeration work, specific heat is used to deten

3

“mlne ‘how much heat must be removed to refrigerate varlous -

, . pToducts, such as meat, milk, and bananas. . The spec1f1c
e )
v heats of foods are relatlvely high because“of their moisture
- . content. ' T ' 5

X
The amount of Weat necessapy to change the temperature -
. of a material.is glven by the follow1ng equatlon \ .

£ ~
, ° . A

3 . ' 4 . : . .

v H=Wc (t, - t{) - ~§g§ Equation 3 =~ - -
- ¢ 2 '» ‘ . A

1

' ©




where: |
, . W = Weight, in 1b. .
‘¢ = Specific heat, in Btu/lb. _ . \ '
ot = Second temperature. ~ ’
t; = Initial temperature. ) to
_ EXAMPLE B: SPECIFIC HEAT.
Given: . Five pounds of steel at 70°F. c
Finde Amount of heat required to raise the temperature
: to 300°F: . .
Solution: From Table 1, the specific heat of sgeel is 0.11. ‘
. ¥ .
H=Wc {2 -.t1) .
. =5 1b x 0.11 Btu/lb (300 - 70)
= 126 Btu. |

o - R g - ~ L
In Example B, 176.Btu are required to raise the temperature:
of steel from 70% to 300°F. - A hotter object would be re-
quired to transfer the 126 ng to.the steel.. Any eat'gain
in one substanc€ js offset bi,am equal heat loss by another
sub§tanc¢. This conc?ptaqﬁhich is %hé-basis for Heat trans-
fer calculations, is illustrated in Example C. *

*5

-
” .
«

!

T -

. . B "
) -~ . . -

. A
-+ CH-08/Page 9
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EXAMPLE C: HEAT GAIN AND LOSS.
Given: Ten pounds of steel at 400°F dropped into three
gallons gf water at 65°F, A
Find: Final temperature of steel and water, neglecting
any heat gain or loss by the container walls,
Solution: Heat gain in water, Hw, equals heat .loss in steel,
‘~ HS' /\ : ‘ ~
H, "= WW Cw (tg - ta) = Hg = W, cg (ta - ),
The final temperature, te, of the water and steel
will be equal. '
3,gal x 8.3 1b/gal.x 1 Btu/lb (t, - 65°) =
10 1b x 0.11 Btu/lb (400 - tg)
- 0
te = 79°F,
r4 —
/ )

N L4
\ .

REFRIﬁEﬁZ;ION UNITS - . .

N

. in Btu/hr,

Chilling
refrigerd
of refrig
ton of 'ic
ton.of ic
Therefore
Btu/day 0
“of specifi

Page 10/CH-08
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o

-

conditioniﬁg and‘refrigeration_equipmen; is rated
in horsepower,land in tons of refrigeratidn.

to temperatures below freezing requires much more
tion capacity than simply cooling air. One ton
eration 1is equlvalent to the coollng effect of one
e per 24 hgurs _ The heat requlred to' meit one *

e is 2000 1b (one ton) x 144 Btu/lb = 288,000 Btu.
tone ton of refr1gerat10n is equlvalent to 28& 000 .
r 12,000 Btu/hr or 200 Btu/mln The relatlonshlps
ic ‘heat and goollng capacity are given in Example D.
2 ' . : -

-

' R ’
. . °
) (9 Y .
- N . -
. LR Y
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EXAMPLE D: “REFRIGERATION CAPACITY.

”GT??HT—*—;—OﬁE_TBﬁ‘Uf beef at 100°F; with a Specifi§ heat
, . of 0.77. ' , ‘ ‘
FTH&% Tons of refrigeration required to cool the beef

to*40%F in 24 hours.. ' C
Solution:x H =W c (t; - t1)
’ 2000.1b x,0.77 (100° - 40°)
92,400 Btu

)

.

92,400 Btu

788,000 Btu/ton - 0%

of refrigeration =

CHANGES OF STATE

\
X

Evaporation and comdensation of liquids were briefly
considered in Module CH-05 of Chemistry ¥or Energy Techol-

ogy I.. Matter can exist in three states: solid, liquid,

and gas. Changes from one state to another, such'as evapora-
tion and condensation, require heat §nergy. The heat energy
associated with the physical change in %he statg of a mate- -
rial is known as latent heat. The Latin word "latent" means

hidden; thus, the latent heat is hidden since it causes f?
temperature change. For example, one pound of ice at 32°F
will melt with the additiont§f 144 Btu; and the resulting
water will still have a fempéra;ure of 32°F. The value
144 Btu/1b ts~;he latent heat of fusion of water. It is
the amount of ‘heat requlred to melt or freezé one pound of

ice or water .at 32°F. The latent heat of fusion for different
materials has been determined experlmentally and may be
found in various tables. In the metric. system, the heat

of fusion of wager is 80 cal/g.
' ®

N |

L \
CH-Q8/Page 11




The quantity of heat absorbed or given off at the melt- ¢
ing point of a solid is given by the foITowing_equation}

H=Wxh Equation 4

where: A
" H.= Quantity of heat, in Btu.
W # Weight, .in 1b.
hL =.Latent heat, in Btu/lb.

) :
The use of this equation is illustrated in ?fiég)e E. .

“ EXAMPLE E: HEAT OF FUSION.
Given: Twenty pounds of ice at 32°F. The heat of fusion
‘ | of ice is 144 Btu/lb. T oy
Find: The amount of heat required to melt the ice. | ¢
Solution: H = W x hL ’ . .
= 20 1b x 144 Btu/lb
/ . = 2880 Btu.: - .,

} _ , ' ' ? L0 ? I .

Just as fhepé_is a specific quantity”of heat a;!%ciated
with freezing or melting, there is also a~gpecific’ quantity -
of heat associated with vaporization or condensation. The
quantity of heat that one pound of a liquid absorbs when ‘
, changing.into the vapor state is known as the latent heat of s
vaporization.. The word '"latent'" iscused once again since ’

‘-' L - ° - . - 1
-4 L . .

Page 12/CH-08 _ ;. - e
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N . \. .
- vaporization is a constant temperature process and the heat
is hidden. The heat? of vapoxization is found by using the
same equation as for heat of fusion. The latent heat of ‘“

Id

vaporization of watrr is 970 Btu/lb.

[ 4

4ﬁ7 EXAMPLE F: HEAT OF VAPORIZATION\t

Given: Five: gallons of water at 212 F. -

1Find;, - The amount of heat requlred to vaporlz;_tﬂe water:
Solution: H = W X h

' | 5 gal x 8.3 1b/gal x 970 Btu/1b

40,255 Btu.

A

EXAMPLE 6T STEAM CONDENSATION. . .

s

G£§en:, Ten thousand Btu are remowed from 15 1b ‘6f steam
f at 212°F. S

Find; The amount of steam that will condense into waterﬁ

Solatton: 'H=Wx h, - . .\

.o’

. 10,000"Btu
970 Btu/1b

=110.3 1b. m,

Heat has the ability to bring about a change in the
physical state of a material (such as free21ng or vaporlzatlon),o

\ _ - . N




- . -
as well as the abili%y to cause a change in tempef?ture ‘
The heat that brlngs about a change in state has been defined
as latent heat. ELBP heat is absorbed or reJected by a sub- o
- stance, w1th a change in temperature, the heat tr nsferred
. is known as sensible heat. Th® term!"sensible" i usgd be- -

‘a change that can be sensed by the >
\ )

cause the heat cause

)
sense of touch, or by a device such as a thermométer. i .
Total heat the sunm of the sensible and the lateht
,{ _ heats of a subsfance.-. These measurements begln t 32°F for
g ; water and -40°F far refrlgerants ‘in order to av01d1the_large--,
™ numbers obtained if absolute zero is used. Total heat is '
also known as enthalpy. Calculations used in refrigerétioﬁ

- often 1nvolve the use of enthalpy Enthalpy is-given by

. the following equatlon .
. <\ [
. . =
- ) E=Wc (tz - t1) +W hL Equation §
e . . . .
. . . ' -~ é
where: . 4 ]

. N E = Enthalpy. \
| } . W = Weight of substance, in 1b.” T
i . c = Specific heat. - L ’
B . t> = Final temperature. o . o
T ty = Initidl temperature. -
s . hp = Latent heat. =~ - - . e
. “ The calculation of total heat on enthalpy 1s illustrated
" A)

oo - - in Example H. v e .o

., ” LI ¥ ‘

! ‘ - . y f : .\~ T e
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* EXAMPLE°H: CALCULATION. OF ENTHALPY (TOTAL HEAT) .

Given: - _Ten pounds of ice at 10°F; spec;flc heat of ice,
§ i 0 53 spec1f1c heat of water, 1.

Find: The total heat required to convert the ice to
. i steam at 212°F. |

Solution: First there is a‘senslble heat change (Hl) from ,
Ll ) 10°F to 32°F, the melting p01nt of 'ice.

= 10 x 0.5 (32 - 10) = 110 Btu.

NextTvmhergeés—aT}atent heat change_ {H,) from- - -
' ice at 32°F into water at 32°F.

1
i
t

C M2 =710 x T#4 1440 Bru. -

Next, thére is 4d. sensible heat change (H;) from
) water_at.32° to water at 212°F.
, _ H3;=~10 x 1 (212 ¥ 32) = 1800 Btu,

. - ~F1na11y, there is a latent heat change (Hu) to N
. convert the water at 3{2° to steam at 212°F.

iy

10 x 970 = 9700 Btu. = .

He »
= H, +J—Iz + H3 + Hu ’ o . ",) :
110 + 1440 + 1800 + 9700 '

13,050 Btu.|

‘ Etot_al

Temperature enthalpy re1at10nsh1ps for water are shown-
.in Flgure 1. Thls figure shows 'graphically what happens
_., " when one pound of Ace 1s‘heated from 0°F to steam at 400°F.
' 1The f1rst step in the process i§ the heat1ng of ice at 0°F
. to 1qe at.32°F. Sinee the spec1f1c heat of 1ce is 0.5~ Btu/1b,
‘it takes 16 Btu to 1ncrease thé temperature to 32 degrees.

. 8
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When 144 more Btu are added to the ice, it will be converted
to water at 32°F. Thé latent heat o fu51on of ice is 144.
Btu/1b. It takes 180\B€E>to go from pO}nt B (32°F) to point

M

: : VAPOR WITH
~-S0LD WITH TEMPERATURE RISING TEMP, —»]
1 : RISIN

1
A

€ TO plg-

LIQUID} WITH
. TEMP.

RISING

SOUD Liquip; © ' LjQuID TO VAPOR,

1

TEMPERATURE, °F

.ENTHALRY, Btu/Lb

- . . ) ) e
Figure 1. »Temperature~Entha1py Relatipnships for Water.

" C (212°Fj sin ge fhe specific heat of water is one Btu/lb,
and 212 minus 32 is 180. At point C(212°F), the water - -

-

vaporizes, gegu1ring the heat of vaporlzatlon'of watex, which-
is 970 Btu/1b' . At:point D, all- of the water ‘has been .con-
verted into @téam. Additional heaf causes fhe tempefature
of. steam to 1nCrease. The spec1f1c heat*of steam is 0. 4]
Btu/lb Therefore, it would require an additional 88 Btu

to raise the temperature of the/bne pound of, steam from 212
to 400°F (400 - 212 =,188 and 188 x 0. 47 88). A vapor

sudh as steam : which is above the vaporlzatlon temperature

, of the 11qu;ﬂ is sald to be superheated Properties of*s

[ .
A) r’
EQS
3
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: . heated, ‘steam-and other superheated vapors are found in many
. handbooks. The tables indicate the temperature, pressyre,
R volume, and heat content relationships .6f the vapors. -
. ; ' L .

" . SOLAR'ENERGY STORAGE

g 1ty are de51rable for heat'szorage. Certaln\saixs thdat o

o

IS

e

e . .

. .
[4 ‘ N R .
. \ .

fSoiar energy can* only be collected when the sun is

shining. Some of the energy must be stored for use at night .
and during cloudy periqsgds. The material used for the heat
storége is important to the eff1c1ent operation of thewsolar
‘system.- K§<Qr1mary materials in current Use are-water,
stone, and concrete’ The specific heat ‘of a material 1s<s
an important con51derat10n 1n its use as a solar energy storage
- medium. Some of the 1mportant irpé%rt1es of maPerlals used |
.~ for storage are given in.Table Z. As can be seen in Table‘Z{/
' water is-the most effectiv¥ heat starage mateiia}; Water

has.the capacity to store nearly twige as much, heat per cubicg

L

’ . . ’ ( ” -~
. , . ! ’
"TABLE 2. PRQPERTEFES.-OF 'COMMON SOLAR.STORAGE MATERIALS. .
: - { . Specific Heat Den51ty _ Heat CapaC1ty
© - IMaterial  (Btu/1b), . (1b/£t?) (Btu/ft? ) o
* Wate’r S 1.7 . 62.5 / ' 62 5’/ . . i
Stone «. \ | - 0. 21 L 180 .., - .36 N
- Concrete 0: 27 . To140 ., .38 o
¥ N g :

\ . N - . - . —"

. ..
o~ \\- r . ‘. \ g N . . 124
. . ) l e

foot as, %tohe or coﬁcrete. High speclch heat ad@}hlgh den-

'.‘ . . N !

A -

> ’ s . ¢ - - - -
: I . } ~ . - . . . . of
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4 4
store heat'by melting,gathef'than by geteing hotter are being
developed. ,These materials store heat of fusion at a con-

4 stant temperatﬁre, Experimental development of these mate-
rials, and others that rely upon heat of react1on (such as .

’
the heat of reac}1on between sulfur1c~ac1d and water) is

. //, underyay . . .
7 RO : ‘ .

‘ . . .o
HEAT TRANSFER

.

Heat always flows from a warmer -object to a colder ob-
ject. The rate of heat flow depends on the\temperature d1f-
e férence between “the fwo objects. The transfer of heat from
' one place ‘to another occurs in threeQWays“' (1) eondnétidn

(2) convectien; and (3) radiation. Conduct1on is the flow
. <of'heat thrdugh an ohject.._ > conduct1ve heat transfer'
? betweenvtwb objects,'they must be 1n_con§act. tSome_mater1als,
4 . ' such éﬁ metal, conduct heat readily; others, such as ‘glass, -
. wood, and cork, do not conduct heat ‘readily. Thes@ non-
G conddctors o? heat are called insulators. yConvection is.
’ the flow of heat by the'use of a fluid, either gas ory 1¥quid.
. The. fluids most often used for convective heat iransfer arg:
. - a1r and water. A heated fluid® 1s less dense and’ rises, -
whereas a cool fluid is more\dense and’ falls. Th1s causes
. "a cont1nuous movement. of the\klu1d giving r1secto natural
. ‘ cenvectlon., If. .the f£luid cufrents are caused by a' pump or
’fap, the term "forced’ conyectlon" is used " RMiation is-
C?“”//the transfer of heat by wave motion. The waves may be light
waves OT radig‘frequency waves. The heat %elt in front of
a fijEEiace.or in direct sunlight is an example of radignt
heating.' The air between the objects is not-heated, 5ust

the object itself.

+ ~ .
0

"4

_Page'18/CH-08 ) T




HEAT PIPE *

A5 indicated above, the rate of heat tragsfer by con-
duction is proportional to the difference in temperature . °
of the two- objects. A relatively .new (1964) device has been
. developed £for tPansmitting heat at a ‘high rate over a con-
siderable distance and with an extremely small temperature
drop. The Heat pipe 1s¢espec1a11y attractive since it re-
quires no external pumping power. The heato.pipe is a closed
tube with inner surfaces that are lined W1tH'a porous cap11-
‘lary wick. The wick 1s saturated with the liquid phase of
'a fluid, and the remaining volume of the tube conta1ns the
‘vapor phase of the fluid. Heat appliedrat one end (the
evaporator end) by an external heat source vaporizes the
fluid in that section of the pipe. The resulting difference
in préssure drives vapor from ‘the evaporator to the condenser

end of the pipe where it condenses and releases the latent
heat of~vaporization to a heat sink in that section of the
pipe. Depletlon of the liquid by evaporation in the evapora-
tor< end of“the pipe causes 11qu1d to enter into the wick-

surface. Then, caplllary pressure ‘'pumps the condensed liquid

back’to the evaporator for revaporization. Thus, the hedt
tpipe 1ndef1n1te1y transports the latent heat of vaporization
from the evaporator to the condenser. The amount of heat
that can be transported as latent heat of vaporization is
usually, several orders of magnitude larger than that which
can be transported as sensible heat in a conventional con-
vective system. The heat pipe can transport a large amount
of heat with a small pipe-size and a small temperature dif-
ferential. Heat pipes.have_been developed which are more A
ective than the Tost conductive metals. Heat pipes are
used to recover heat from the exhausts of industrial boilers,

I8

-
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3 N
furnaces, and kiln's. Heat pipes are also used for heat .
" recovery from HVAC (heating, ventilation, air conditioning)

systems

oy ‘ \

M .

HEAT ENGINES. ' ' . .

-
L

-, . avd'. , .
oL The basic prin;}ple of a heat engine is illustrated .in
" Figures2.' A certair amount of heat, q,» is absorbed by the’

: working fluid of the engine

(HIGH TEMPERATURE, T, oy
: at a high temperature, Th.

: TN The heat is partly converted
a, B ' S . -
.o to work, w, and the remainder .
"““-““-'“"'":>‘”_’of the heat, q,, is rejected
q1<::' a \ to the surroundings at a lower
- temperature,  T,. The tempera- |,
LOW TEMPERATURE, T, . . tures must be expressed on
Figure Z. the absolute (Kelvin) scele.
. Heat Engine. The efficiency ofthe heat
) \ engined an important value, .
.7 is given by the following equa-
. . tion: 4 - '
. ‘ .
- ‘ | P Y
. Efficiency = —/——— Equation 6

T

h
-, , | | . \

If the two temperatures inlet temperature and outlet tempera-
ture, are the same, the effchency of the ‘heat englne is

« zero. A steam engine.operating between 100°C (the b01ler
“temperéture) and 25°C (the condenser temperature) would hawe

.
% e

L4
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an efficiency as calculated below:

-

. " 373 - 298 _
Efficiency = 377

The efficiency of this engine is only 20%. The waste
heat 1is 80° a tremendous loss in heat. -To improve effi-
ciency, modern power plants operate under high pressure,
using superheated steam. Vevertheless, most powgr plants
operate at less than 40% efficiency. Thus,-more than half
of the heat is wasted. ’

Y
]

THERMOC'HEMISTRY

- ~ rd

( Thermochemistry 1is concerned with the heat that accom-
panies chemical reactions. Thermochem1cal eduations indicate
the state of the mater1als. Solids, 11qu1ds, and gases‘are'
de§g0nated by (s), (1), and (g), respectlvely For the com-
bustlon of carbon the following reaction is, used:

L
.
M b

3
.

C(s) + 0,(g) > C02(g) AH = -94,052° cal/mole

e v
L) v . ~
.

.

I3
- ¢ 4
.

1nd1cates that s011d carbon'burms 1n gaseous
The AH is the heat “

reactions give off heat and have a negat1ve enthalpy These

reactions are exothetrmic reactlons ,Those reactlons in wh1ch
} —_— i ) .. ,




heat is absorbed are endothermic reactions. They have a

positive enthalpy change. ' ' :
In most'combustion‘é; exothermic reactions, the products

are of secondary importance. What is more important than

the products is the energy being produced. In contrast,

most endothermic reactions are conducted because the products

. are of primary 1mportance - that 1s energy is utilized to

form useful products: ’

. ) . - .

J

- RELATIONSHIP BETWEEN MATTER- AND- ENERGY
‘4
Energy may be transformed .ar changed from one type to
another. Chemical energy may be converted #o heat energy,
" heat energy to electrical energy, mechanical energy to elec-
tr1ca1 and so forth. However, in none of these changes .
"is there a change in the total amount of eneroy — that 1is,
the suﬁ of .all forms of energy remains constant. The law
.of conservation of energy states the fOIIQW1ng. Energy cannot
be created or destroyed,ﬂalthough it can be changed in form.
* - Likewise the law of conservation of matter states ghat there.
, a is no change in the quantlty of matter during an ordinary
chemical change. This law is—the ba51s for all analytical
“calculations and determlnatlons. .
These two laws coneernlng conservation of energy and
conservation of matter are only app11cab1e for ordlnary chem-
ical reactioms. In 21905, Albert Einstein first proposed
"the relationship between matter and enetgy. Thls re1at10n-
ship, usually referred to as Elnstein“s Equatlon is as fol- B
o - lows: .

. . Page 22/CH-08 * LT 1171 :
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E,= mc? % Equation 7

~ -

_where: ' : T .

?
B -#, Energy of a reaction.

.M Wass bezng changed to energy.

A constant, the speed of light.

(4

g

This relationship between matter and energy is signifﬁoant
only in nuclear reactions. .-The laws of conservation of energy
and matter may be combined and stated as follows: Matter

and enefgy_ca be neither ‘created nor destroyed, but they

can be transformed, one to the other.

- ' s
(‘:ALOBIMETRY f A S ~

’

Measurement of heat effects of chemical and physical

‘changes is called calorimetry. .One of the most common calori-

metric measurements is the heat pf combustion .of materials.

- Fuels, such as coel, gasoline, o¥l, and gas, vary in the

amount of heat that different samples of each will produce.
When buying fuels such as coal, it is importart to know the
amount -of heat that a given fuel will produce.‘.The price
of coal-and other fuels depends upon stheir grade, which is

35510ned by a calorimetric measurement.," . : .

The hedt evolved in the complete ox1datlon of a substance

is known as the heat of combustlon. Heats of combustion

of varlous substances ate given in Table 3., The values are
in kcal per'gram of substance burned to H%O and C0, at con-
Etant pressure and 25°C. In-the English system, heats of
combustion afe‘reported in units of Btu/lb.

(T4 R o
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TABLE 3. HEATS OF COMBUSTION.

’ ‘ Substance Heat of Combustion|
y (kcal/g)
. ’ * .
Hydrogen . -33.9
. Carbon — = c . 7.8 ¢ 't
"Carbon monoxide - i -.2.4 ,
: Methdne - -13.3
. ‘ N Propane . -12.0
*. { Octane : - -11.4 )
Acetylene .o+ =11.9 .
- - ’ i
®
_ Heats of combustion are measured in a bomb calorimeter.
' A schematic of a bomb calorimeter is shown in Figure 3,
1 ° . ’
; L] -
’ + = ‘ ’ . .
__—~ ELECTRICAL LEADS ‘
N /7/ FOR IGNITING SAMPLE o
LA ,‘/= . . - .
: o M s , b4 .
o . :/THERMOMETER : . s .
) ’ 1 Og INLET , T
/ ’ . Figure 3. S
,'/INSULATEDCONTMER Bomb Calorimeter. )
i/aoma- . :
1 (REACTION CHAMBER) L »
]~ FINE WIRE IN CONTACT ' .
. WITH SAMPLE :
—t— CUP HOLDING SAMPLE: .
) 4 WATER , ‘
v , _ ‘ ~STIRRER /. . -
L. .
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To' determine the heat of combustion in a bomb calorim
eter, the following procedure is used. The sample (usually
1 g) is weighed and mounted on a holder inside a thick,

'stainless steel bomb. The bomb is sealed, and oxygen gas

is added through a valve to a pressure of 25 atmospheres.
In an ;atmosphere with this elevated amount of oxygen con-"
centration, complete combustion of most‘fuels is assured.
The sealed bomb is placed in a container, and exaetly 2000 g
of water is added to the container. This container is then
placed inside an insulating container. A “«hermometer and
a stirrer are placed in the water surrounding the immersed
bomb. The water is' stirred at a constant'rate until tempera-
ture'equilibrium is attained. Then the sample inside® the
bomb is electrically ignited. The r1se in temperature is
measured carefully and can be used to calculate the heat
of combustion of the sample.

To standardize the apparatus, the calorimeter constant
must be obtained. A known weight of a standard, such as ‘a
very pure benzoig ac1d, is comgﬁsted "From the known amount
of heat absorbed by‘ﬂn&!alorlmeter, and the measured rise
in temperature of the water, a calorimeter constant is cal-
culated, using the following equa&ipn;,

’

Calorimeter _ Known heat of combustion
constant Measured change in temperature

! . Equatdion 8 -

. . .
<

-

The heat of combustlon of'a unknown Substance can be deter-

mined by burning a comparable weight of a sample and mu&tlply-

ing -the Tise in temperature by the calorlmeter constant.

o
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Since many fuels contain nitrogen and sulfur,-a correction
must be made’to obtain the true heat of combustion. ‘Usually
1 ml of water is placed in the bomb prior to combustion in -

o order to -absorb the sulfur ox1des and nitrogen ox1des formed. -
s
The reaction with water forms acids that are titrated with
. v 7" " ‘standard sodium hydroxide to obtaln a measure of the. amount
/ of sulfur or nitrogen 1mpur1ty in the sample.i .
s %
n —— . ~ "
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Laboratory 1 o .

Caleorimeter (two poly-
styrene 'coffee" cups,

Laboratory S '

“Calorimeter (same‘as Lab, 1)

LABORATORY MATERIALS

cardboard cover) Thermometer o
Thermometer - o KC1 ‘ ot
Lead sﬁot. .1.0 M NaOH
4 Iron éHot R h.0 M HC1
V' Clock or wafch W1th second Magnesium rlbbon -
hand . . Sandpaper L .
600 ml beaker .
Burner ' ) . ) . ) )
Balance - ' ’ :
Test tube

... LABORATORY PROCEDURES

SPECIFIC HEAT 'OF A SOLID ELEMENT.

.LABORATORY 1.

)
Procedure

Record all data in Data Table 1. B

. 1. Assemble the.calbrimeter, as shown in Figure'ﬁf\”\tz
2. Put abdut 300 ml of water i@to a 600 ml be;ker and heat -
to boiling. &

32 Measure the temperature and record as Tb
US1ng a triple- -béam or top-loading balance, weigh
100 g of lead ‘shot +into a test tube. )
5. ,Place the test tube in the boiling water and allow the

.
*

_+  tube to remain in the boiling water for five minutes.
(Th¢ lgad should now be at temperature Ty-)

%
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THERMOMETER .

CAROBOARD COVER

0
.

. 4 ‘L lFiguref4. .Ca}orimeter.'- .
. o g ‘ ) . 3
. é?‘f Rpur 100 ml of water into the inner Cup of the celerim-
eter.” N .
=7, Measure the temperature of the calorlmeter water and
I‘ecord.g,s__I~ . o ’ . ¢ -
8. Remove the test tube- from the heatlng bath and. qUICkIY
~. pour, the lead.shot into the calorlmeter water and cover
X w1th the,cardboard top. . . ‘
én ) Stlr for 30 seeonds and record the maX1mum temp % uré
. as. Te. B - - o ; e
10.° ReR%at the procedure *us1ng iron shot. = o )
The,amount.of heat_ebsorbed byethercalotimeﬁer is givehr
\¢;;y'theifollowing equation;: :*': P ~ .
' . ~ -y . L

1

Heat aﬁsorbed

" .

-(Tf -

Til x 100 g x 1.,cal/g-°C

vy

™

9 -
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! . . * .

ey . . e . ’
“  The heat absorbed is equal ﬁo the heat added from the
hot -lead or iron. , - .

. , A .
- . . - ) Specific heat
Heat delivered = 160 g x (Tb Tf) X of metal
" Equating the two equations, .
) ' ; R Specific heat - o N
. e ) ~
L4 . « \6 \'\

Solving for specific heat, s -

. | (Tg'- T;) % 100 g x 1 cal/g-°C
ific h = . ’ :
Specific heat = 700 g x (T, - Tg) 7 :

1.~ ’sing this egquation, ¢calculate the specific heats of
lead and iron and compare the values of thoge fdund
L in a handbook. ) '
¥ . _ .
- ) LABORATORY 2. ¢« HEATS OF REACTION. ~

N o
' 'CHemical and physical changes are usuallyiaccompanied
by the liberation of absorption of heat. When a ‘salt is

~~dissolved in wafer;.the resultifig—solution may be either
warmer or colder than the.water was. The heat of solution
of a substance is the heat change when. one mole of the sub-

3

_stance is dissolved4}n a large-amount of solvent. The heat”
of sokution: AH, of potassium chloride will be detepmined
in this‘experiment.. , ‘

~‘: , ‘Whgn a strong acid ‘and a stféng base are mixed, a con-

o , sidérable guantity of heat ;5 giben off. In this experiment,

> .. - the heat that is liberated when hydrochloric acid and sodium

108
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hydroxide are$mixed is determined. This quaﬁtliy is called
the heat of solution. b

Finally, magnesium metal is dissplved inrhydrochioric

+acid and the heat of reaction is measured.

PROCEDURE

Heat of Solution'

-~

Record all data in Data Table 2. -

Assemble the calorimeter, as shown in Figure

Measure 75 ml of water with a graduated cyllgker and
transfer the water to the inner polystyrene cup of the
calorlmeter : -
Accurately weigh a quantity of potassium chlor;de be-
tween 1.5 and 2.5 g. Record. =

'Measpre’the initial temperature of the water. Record-

Add the weighed amount of KCl.to the water and swirl

the cup gefitly to dissolve the salt. Observe the ;

temperature and, when it is constant, record the value.
Calculate the number of calories involved in the re-
aetién;~7§¥fml of water weighs 1 g. A calorie is the
amount of heat required“to‘raise the temperature of

1 g of-water. 1 degree C.) Record. ‘

Calculate the number of moles of KCl whlch were dis-

-

- ~

solved..- Record \ R
Caldulate how many calories would be involved if oneé

'mole of KC1 were dissolved in water. ‘(This is the heat-

of solytion. ). Record. ' ' \ . .

~t

i
- N . -,
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Heat of Neutralization ) -

£

¢

Record all. data 1n Data Table, 2

1. Measure 50 ml of‘1 M HC1 w1th a graduated cy11nder “and
transfer it to the 1nner cup of the calorimgter. R
2. Measure the temperature of the HC1 1n the calorlmeter

Record

$3. Measu;éVSO ml of ¥ M NaOH with a graduated cylinder and - '

Heat of Reaction

< ‘add it to the HC1l in the cup. ) :
. Mix-the HC1 and NaOH and record-— temperature when it

Hecomes «:onstant.\~ . -

IS

5.. Caiculate the number of calories involved in the reaction. .,
Record. . .

6. Calculate the numbér of moles of HCl that were neutralized.
Record. . :

7. Calculate the number of calories which would be” involved
if one mole of HCl were neutralized.' (This is "the heat

< of neutralization.) Record.

-

‘ v

.
PR}
I (\ ‘ i

'Record all data in Data Table 2.

. 1.'_Clean a ple%? of magne51um r1bbon (weighing about 0.1 g) o

~

‘ with sandpaper, and then welgh the metal accurateiy
Record. “ »
Add 75 ml of .1 M HCl to the inner cup of the calorimeter.
Record the temperature of the acid. L

Record the témperature when it "becomes constant.

2
3
4. 'Place-the magnesium ribbon -in the acid and swirl- the cup.
5
6

Calculate the number of ‘calories of heat given off in the
reaction. Record.

. »~ . . -
L4 .
+
]

s , o : '
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Calculate the number 'of moles of magnesium used. Record.

, 8. Calculate the heat of reaction that would have been
observed if one mole -of magnesfﬁm had been dlssolved

. 9. The accepted value for the heat of this reaction is

. ‘ ‘110 kcal/mole. Calculate the percent difference be-

. v tween the acceptg& and the observed values. Record.
DAT‘Q . TABLES : : .
DATA TABLE 1. SPECIFIC HEAT OF A SOLID ELEMENT.’ .
A ] L R . - k)
Step Procedure ° ) Lead Iron 1.
3. Temperature, Tb
N . : '
0 7. Temperature-of water, T,
b 9., Maximum temperature, Tg
11. Calculated value of specific heat ] .
P Haﬁdbook,value of specific heat
‘ <
- 3 ¥
‘ ‘ o o 1, o 4
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. . DATA TABLE 2. HEATS OF REACTION.

Heat of Solution: .

Step - ] . . °

3. Weight of KCl1 ‘

4 Initial temperature of wéter
5. FEinal temperature of water A '
6. Number of calories liberated )
7. Number of moles of KC1 used ' )
8. Heat-of sdlution (cal/mole)

! o
Heat gf Neutralization:

~
’

Step \ T
2. Temperature of HC1

. "
4 AS

Final temperéture of HC1-NaOH mixture

4
S. .Number of calories 11berated
6. Number of.moles of HCl used IR 3
7. Heat of neutralization (cal/molef
!

Heat of Reaction: .

Step = . ‘ .0.. .
weight of-Mg, ribbon

Temperature of acid

Final-temperature of mixture

. . Number of moles.of Mg used = * 2 V .

r} .

Heat of réactggn—{sal/mole) - )

% difference:-between agzepted and
- experimental values

1

3

5
.]*6. Number of:calories of heat given off

| 7

8

9

~
= .
P Q"C\ﬁ . \] -
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Calorie: The amount of heat necessary to raise the tempera-
ture of one pound of water 1°C. ‘ .

. GLOSSARY

4

Btu: The amount of heat necessary to raise the temperature
of one pound of water 1°F. .

,Calorimetry The measurement of heat effe/ts in chemical

*

A}

1 4

e

)

reactions. -

»
0

Conduction: _The flow of heat through an object.

Convection: The flow of heat by use of a fluid.

"Endothermic: Absorbs h:jt: -

Eiergy: The capacity tg/do work. ' T

N -

Enthalpy:-;The total heat ofja‘substance.' R t;

Exothermic:. Gives off heat.

_——— i .

Heat engine: A system that re11es up?n differences in
temperature at the inlet and outlet.

Heat of combust;on The heat evolved in the complete oxida- ~
o tion of a suEstance.

Heat of fu51on:— The amount of heat required to melt a sub-
- -stance. . \ -
Heat of vaporization: The amount of heat required to vaporize
a substancex

.
<

Heat pipe: A device for tra sﬁerrlng\heat that does not

require a large differernce in inlet and outlet tempera-
tures. -, _—

*

y * Cry £ .
Kingtic energy: Energy due to motion-of an object. .
. T N <N 7 “

¥

"Latent heat: The heat associated with a change of state

r

- of a material at constant temperature.

Potential energy=: The energy that an object has by virtue

of its position or composition.
A * “ i’
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Radiation: The transfer of heat by wave motion.

Sensible heat:

Heat absorbed or rejected by a substance,

wWith a ¢

Specific heat:

hange in temperagyre.

The amount of heat required to raise the f)

temperature of ome pound of ‘any substance 1°F. )
Superheated: A vapor that is abdve its vaporization«;pmﬁgra-

turg, _
Thermochemistry: TRe branch of chemistry concerned with the

heat that accompanies chem1ca1 reactions. .

. ) N4

Thermodynami¢s: The study of the relationships between heat

energy and other forms of work.

»

Total heat: The sum of the sensible and the latent heats

of a substance (also known as enthalpy)

<
/ ;‘ Q ‘
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T INTRODUCTION

The energy crisis is possib%& the greate§t problem fac-

ing society. In the United-Stateé, the use of energy is in-
"creasing, whereas the availability of energx is decreasing.

-~ Energy consumptlon has been 1ncréa51ng at the rate of approx-
1mate1y_3.5% over ‘the last "few years. This energy is cur-

" rently. being supplied by petroleum, coal, naturaI gas, water

.4

power, and nuclear power -~

Energy use has increased 'as society has become-less agri-

x'?’n// cultural and more 1ndustr1aldzed.; As recently ds the 1940s, -
more than three-fourths of the world's population was at a
primitive agricultural level, requiring relatively little
+ energy. Today, ong- third of the world's popu1at10n lives
Cdnfan 1ndustr1allzed soc1ety, confuming 80% .of the world's

energy productlon The UnTted States, with %% of the wor1d S

populatjon, uses one-third of the yearly ' energy. productlon.
As more and mgre of the populace become 51gn1f1cant energy
users, the coZpetltlon for energy will become very severe.
N ‘Most of the energy productlon throughout the world de-
| pends upon fossil fules: ¢oal, petroleum, and natural gas.
Thése fuels were formed millions of years ago from buried-
plant mater1a1r These. fuels are not replaceable; therefore
alternate fuels must begsought as the fossil fuels are‘de-
preted. The fossil fuels- in addltlon to being used for
- fdels} are"used as the raw material tQ,produce chemicals.
"This secondary use compounds the.shortage of fuels and makes .
it V1ta1 that alternate energy sources be developed

£
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The student shoul& have cogpleted Wodules CH-01- through
CH-05 of Chemistry fox Energx_Technology I ahd Modules CH-06,
CH-07, and CH-08 of Chemlsttz for Energy Technology II.

¢

;. -k ,
. LT .y \ s .
' ' s = o S
Upon completlon of thfs module the student §ho&1d N
‘ be able to: e .
. N Define the following terms: ﬁ: .
~a. Petroelum., ' ‘ : '
~ b." Octane ‘number. o
) ¢. Cracking. - - . -
d. Antlknock agént.
e. Reflnlng X R o i ‘ u:
. . f. Polymeklzatioﬁls o Y \
- L g. * Hydrocarbon.. ' « ' . : A
h. Isomer. h _ _
i.  Alkane. S N ) ) e
d j.  Alkene. ' ;.)} ; L I U -
k. Alkyne. . ' C. o v .
, 1. Aromatic hydrocarbon. X ‘ o N )

List the characteristics of a goqd fuel. .
- ) 3.7. %pmparg the comp051t10n,gpropert1es, and: fuel values

"“ '3
of anthracite, bituminouss; and lignite coal. ' ’ “ g
: 4, Identify the major cdnstitgents'ofigasol;ne.'
40 5. Write the chemical reactions for the combustion of
" . g - fuels. -, ‘ S
° > 6., List the major fractlons obtalned in petroleum reflnlng
- . List and explain the purposes of the processes\used
. " ’to increase the yield of gasoline. ‘. ot
A . b
J .
- . i .
Page 2/CH-09 o L ) e
) ' . 118 0'
< t"‘a EN - .
"y . * rm
% e & ~ v




‘ .
.8,
9.
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10.
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12.
' 13.
S :
N ~"
re ® ’
\ , &
‘i
. & .
\‘1 ‘ »
ERIC -~

gl P Text Provided by ERIC

SORY

*Identify several nonconventional or alternate énérgy ‘

Vame two factors that account for the large number ¢
of organlc compounds. %
List” the names of thé. first elght/members of the alkane
series ‘of hydrscarbons. . ) -,
Match the formula of an organic radical with its name.
Bdéntlfy functlonal oroups in the maJor classes of
N
substituted hydrocarbons.~ et
- ’.'
. ‘ .
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List the general differences between organic and in-
organic compounds.




SUBJECT MATTER

CHARACTERISTICS OF FUELS” -

‘ L
~ ' M -

A fuel is any cobbuStible substange thdt is burned to
produce useful Jeat energy. Fossil fuels were — and are -
produced by the sun's energy in the photosynthe51s of grow-
ing plants. These fuels include wood, coal, o0il, and natu-
ral gas. .o meet the demand for enéf%y, more direct ways of
utilizing solar energy must be developed. ‘
™ There are a number of desirable characteristics in
fuels. A fuel should produce a large amount of heat energy
in proportion to its weight. Fuel’s must be low in cost and
available in large quantities. They must not produce combus-
tion products that are dangerous, and they should not 1eave

~ large”amounts ‘of residue after combustion. Finally, it is

-1mportant that fuels can be easily produced,ghandled and

transported 0il ‘and natural gas are the closest to having
all of these desirable characteristics and,‘therefore, are
the most popular fuels.. They are easily transported are
fa1r1y inexpensive, and leave virtually no re51due after,

.

"burning.™’

~ The heat content of coal, petroleum, and natural gas is .
given 1n Table 1. As shown, .natural gas has a re1at1ve1y "*?
high heat dontent; it contains 70/ more heat engify than

coal.wg ’

)

E




~

N . TABLE 1. HEAT CONTENT OF FOSSIL FUELS =~ . . :y

L. \ AND USAGE 'IN THP UNITED STATES. ¢ .
] . Heat Content - ( -
Fuel (kcal/gram of fuel) - Usage
. | Coal , - 7.8 ~ 21% .
’ Petroleum ~ 11.4 . 45% {
Natdral gas . 13.2° 343 .
° -\ -

SOLID FUELS : : L — ‘
"a 1 )

AR 'V . Historically, wood has been the most important fuel,

| although its current use as a fuel ‘is rather limited. Most

of the world's productlon of wood is used in the construc-

tion 1ndustry, in the manufacture of paper and textiles, and

in the productlonsof a varlety of products through dest?uc-'

tive distillation. The destructive d15t111at10n of wood pro- "; !

duces wood alcohol (methyl alcohol), acetic acid, acetorle,

creosote, wood tar, charcoal, and several combustible gases
JThere ‘are several tmportant forms of coal. Anthracite,

or "hard" coal, contains about 80% carbon;» whereas bituminous,

or "soft" coal, contalns about 60% carbon. In spite Bf the
. lower carbon content, bituminous coal has a higher heat value'
\ than does énthracite, because the bituminous coal contains a .
considerable amount of 'volatile hydrocarbons\that have 2 high
heat value. Anthracite burns with a clear flame that pro- e -
duces little spot. Lignite Contains even less carbon than
bituminous caal. This brown coal exhibits much of the struc-.

ture of the wood from which it was derived. Lignite is found

Page 6/&H-Q?
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—in vefns nea» the sugfigg:anﬁ'“' strip mined. Peat is com- -
' pressed moss that has undergone some of, the processes that

‘t
formed coal '

ssil fuelww, It was estimated
that, at present‘consuhption rateN. coal could last for up
to 500 'years.

Coal is the most abundant

Unfortunately, the rate of consumption is 1n-

creasing 3.5% each year. Two of coal's major drawbacks are

that it is a relatively d1rty fuel and it is diffiqult to ’

handle.
_#tilfur-containing coal,

The atmospherlc pollutLon caused by coal, especially

is severe. In addition, deep coal

. mining is dangerous and unhealthy te miners; ‘and strip wining ..
can have a serious ecologlcal impact. P

¢

it
al

In spite of the severe problems connected w1th coal

» must supply the maJor\energy needs for the next decades.

can be used directly to produce heat upon combustlon
follows T .

as

>

¢ ) ) . 0 4 . .

" €+ 0, —>C0 + 94 kcal/mole

.
e, N » . -

Q:Eztensive research and development effo;ts are being made to
convert coal to gas or ligquids prior to its-use. ‘Coal gasifi-
. cation can be used to convert coal into a relatively clean . °
burning fuel. In this process, coal is reacted with hot air
Qr steam. The reaction with hot air produces a gaseous mix--
ture called power gas, which contains as much as 50% nitrogenX
\ Since nitrogen does not burn;, power -gas has‘a very low heat--

,ing value. The reaction is as follows:
“ . .

b




b

» . [ ]
. (:i; )
?
3 S
: 'C + air=————> CO + H, + Ny
’ . Coal ' (Power gas)

1]

If the coal is reacted with steam, a‘mixture of carbon mon-
bxide and hydrogen, known as coal ga$; is obtained:

C + H,0 — CO + H;

Coal Steam (Coal gas)
; D 4

&

The catbon monoxide and hydrogen from either power gas or

-

coal gas will burn to produce heat:

L
' °

/

2 Ha + 02°——> 2 H20 + Heat
’ 2 CO + 0 === 2 C + Heat
k\“ . . ~‘ LY
f
\_—‘ ?
: J
s Coal’ can also be reacted with hydrogen to produce methane by
the follow1ng reaction: _ . S ) '
C + 2 Hz.——') CH, \"
’ —_— Coal Hydrogen Methane

»
-

The methane can then be burned. This process is not fully -
developed but it is promising since the coal-can be burned
in a central processing plang 4nd the methane then p1ped

A

[ -

\ * .y
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custemer.

liquification processes. Liqui

be used as a substitute for gas

dominately carbon, additional hydrogen is added to'form

petroleumlike hydrocarbons. The hydrogenatio{ of coal must

take place at high temperatures and pressures, thus making
the process a difficult challenge. -The most promising meth-
ods operate on the brinciple of contacting.crushed coal with
_selegtiue solvents that act as hydrogen donors to aid/in con-
verting it to a liquid phase. Final hydrogenation is then

conducted in the presence of a catalyst.

GASEOUS FUELS

Generally, gaseous fuels are relatively easy to trans-
port; and they burn cleanly. As indicated previously, coal
can be reacted with steam.-to produce coal gas. One ton of
bituminous -coal can produce as imwch as 12,000 cubic feef‘of
coal gas, as well as 1200 'pounds- of coke, 120 pounds of coal
. tar, and ammonia. The coal tar is rich in valuable aromatic
compounds.

The composition of natural gas varies from source to
‘source. Some natural gases have a carbon dioxide,content
as high as 30% or more. Other natural gases contain high
percentages of hydrogen sulfide, nitrogen, or helium Prior
to being.sold, natural gas is processed to remove much of
the nonfuel component since these materials will not burn.
Although the processed gas will vary in oomp051tlon, a typi-
cal composition of natural gas sold as fuel is shown in Table
2. "

1
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‘ TABLE 2. ‘COMPOSITION OF NA%URAL GAS
S

AFTER PROCESSING FOR SALE. N
Componbnt ‘ g;;cent
Methane - 80 ’
Nitrogen ‘ 10 ;
Ethane - - 5.9
. Propane T e - 2.9°
n-Butane . 0.71 F
TN
Isobutane 0.26 ' N
-

‘Bottled gas, or 1iquified petroleum gases (LPG), is a
mixture of pfopane,'tgHs, anQ'butane, C4H0. Propane and
butane are extracted ffbm natural gas or obtained as by-pro-
ducts of petroleum refining. These géses are com éssgd
until liquified and then '"bottled" in steel cxliﬁ§er. The
1iauified gas readily reverts to the gaseous_ form when the
pressure is reduced and the gas is consumed. Bottled gas is
used in rural %reas for cooling and heating, on house trail-
ers, and o; fecreational vehicles. )

Acetylene is a gaseous fuel that burns in an atmosphere

» of pure oxygen to produce extremeély high temperatures
(3000°C). The high temperature from tH€ reaction of oxygen
and acetylene is used in the oxyacetylene tor;h - a torch
that is useful for welding and chtting metals. The reaction
is as follows:. T ) ‘

© v

- 2H-C

Lid

C—H+ 5 0,=——>14 CO; + 2 H,0 + 620 kcal ”/

- ™  Page 10/CH-09 . . Q\-////’\\\ !
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In addition to being used as a fuel, acetylene (ethyne),

’ /,
/.
C2H,, is widely used in polymerization reactions to form
plastics. 'Acetflene is mdde by reacting calcium carbide
with water. The first step in the production of acetylene.
is &he heating of 1ime§tone inh a kiln to produce calcium

oxide:

e

. HeatC .
/J\Cag03 » Ca0 + CO, .

Limestone __Calcium oxide (quicklime)

.

AN
g

A mixture of the calcium oxide and coke is then heated in
‘ S X
an electric furnace to produce calcium carbide:

'

e . 2000°C
2 C +:CaQ » CaC + CO
Coke Calcium ° Calcium
“oxide A carbide

.

%
"

R - S
Finally, the calcium carbide is reacted with water to produce

.

acetylene and calcium hydroxide:

CaCp + 2 H,0——>H - C=C —H + Ca (OH):

Calcium. Acetylene *
carbide )

-
d

"CH-09/Page 1L’
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LIQUID FUELS D -

The imﬁortant liquid fuel; — gasoline, kerosene, and
fuel o0il — are obtained from petroleum. Petroleum, as it
comes fram the o0il well, is called crude .0il. -It consists— —-
of a complex mixture of different types of hydrocarbons
(compounds of carbon and hydrogen). Petroleum is found.in
porous rocks and ‘ands; it’is never found in underground .
pools or lakes. A variety of methods are used to remove the
0il from the porous rocks and sands.

Crude oil is shipped by tanker or underground pipeline
to a -refinery for processing. In the refinery, crude 0il
is heated to vaporize and separate it into fractions accord-
ing to boiling point. This fractional distillation process

is much the same as that which will be used in ong of the
laboratories in this module. S . :B
The principal fractions obtained from the refining of
petroleum will now be considered. The first materials to
come out of the fractionéting tower .are gases. Theselgases
are soluble in the érude petroleum and, therefore; are in
the liquid state. When separated.in the refining process,'
they are free to remain in the gaseous state at normaf tem-
peratures and pressures. These gasés, which are mainly pro-
pane and butane, can be liquified and sold as bottled gas.
These low-boiling gaseous hydrocarbons are_also the building
blocks .for making many chemical compounds. The second frac.-
tibq fs‘aviation gasoline, automobile gasoline,‘and solvents.
KéerosSene, the next ‘fraction, consists of compounds having .
from 10 to 16 carbon atoms. Most of the kerosene is con-
vertéd to gasoléne by cracking the larger molecules into
smaller ones. Ke?o§éﬁé's major use ,today is for jet air-

craft. Fuel oil contains more.carbons than the kerosenes.

! .
v

Page 12/CH-09
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A

Fuel 0il is used for industrial and home furnaces. Diesel
fuel ‘is prahuced from the fuel oil fraction. Following fuel
oils, the next fractions are lubricating oils and greases.
hE The material obtained from the bottom of the distillation

— . tower consists of asphalt, waxes, and coke. The petrqleum

: : fracqiohs and their main uses are given in Tqble 3,
v . .
-~ .
o 'TABLE 3. PETRDLEUM FRACTIONS. ) )
R -

" Fractions | Composition| Principal Uses . L
Gas =~ | ¢ .-c. | Fuel ' ' °
Gasoline ) {Ce - Co Auto ile fuel, golvent naphtha
Kerosene 1 Cro - Ci1s le{)zi:1, fuel o0il, diesel fuel
0il Cis - Cis Diesel fuel, cracked to gasoline <
Wax oil Cig - Ca2o0 Lubricants, mineral oils
Paraffin wax | Cz1 - Cuo Wax paper, candles ’

| Asphalt . +. | Roofing, road material

Gasoliﬂe production through the refining process will be
* considered later in this module.

-

. ORGANIC CHEMISTRY®
All of the fuéls considered so far in this module,
solid& gaseous, and liquid, are organic compounds, that is,
compounds which contain carbon. Organic chemistry is the
study of thesé carbon—cgﬁiaining compounds. There are

.
>

CH-09/Pige 13
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several differences between organic and inorganic compouﬂds,'
including the following: '
© + All organic compounds contain carbon, and most"contain\—/
hydrogen. In addition, organic compounds can contain
nitrogen; -oxygen,—and-tht&-halogens—(chlorine,; fluorine,
bromine, and iodine). Although organic compounds are
ot - comprised of only'these few elements (plus several
othets occasionally), inorganit compounds can contain
almost any of the more than 100 elements.
* Many organic compounds are either combustible or decom-
posed by heat; most inorganic compounds will not burn
and are stable when heated. .
.. 4 ° Most bondiﬁg in organic compounds is covalent; most of
the bonding in inorganic compounds is ionic. '
+ Water is a poor solvent for organic compounds; however, N
it is a good solvent for many inorganic compounds.
« In comparison to inorganic cqmpound reactions, reactions
involvigg organic compounds generally proceed more
. 'slowly, and they do not go to completion.

Since so few elements are found in organic compounds it
would be logical to assume that there are relatively few or-
ganic compounds. HoWwever, ‘there are actually hundreds of
thousands of organlc.compounds. Two principal reasons for
this large nﬁmber of organic compounds are as follows:

1. Carbon has the unusual ab111ty to bond to 1tse1§ by
covalent bonding, thus formlng long cﬂhﬁns and rings.
- Each of two adjacent ‘carbon atoms furnishes one or
more electrons to form'an electron péﬁr or pairs in
ﬁhe'covalent bond. Because of this bonding ability,
there are long series of compounds,. w1th each succes-
sive compound containing one more carbon than its

g,

<
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. . N
pre&ecessor. Examples of these series are alkanes,
alkenes, and alkynes. The three types of bonding
found in organic compounds are summarized in Table
4. ‘ . , ’

s ‘ R

TABLE 4. BONDING IN QRGANIC COMPOUNDS.

: Electron Dot [* . Proper | Common
Type of Bond Structure Series Example | Name Name
I ) co
Single bond —C:C— Alkane ? ? Ethane Ethane
: IRV H-C —C=H
¢ ‘ ) 1
H H
S . . "
Double "bond ~—C::C~— Alkene QL ? Ethane Ethylene
1 sH=C=C-H} -
: : * x> .
, Friple bond 4—c:§c- Alkyne | H-C= C~H | Ethyne | Acetylene
. ; ~ -
s .

t
2. The same kinds and numbers of atoms can be

arrénged‘differently to form different compounds
called isomers. Isomers are compoundé héving
%  the same composition and molécular weight, but”
. different properties (because of different |
arrangements of the atoms). For example, in .
, the gaseous hydrocarbon butane, which has the

fofmula C4Hio, carbon atoms must have four bonds,
____ _and each hydrogen-must have one bond.

L]

CH-09/Page 15
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. The follewing examples arg_Ewo ways, that—four carbOns 2
and 10 hydrogens can be arranged: ° . '
. / H ] -
4 | <
- = - H( C H.
H® H H "H H H ’
| | 1 b - N
H-C-C-C—-G-H ‘ H-C-C—-C-H
I L I “ " N | I
) *H H H H H-H H
Normal butane Isobutane ¢methylpropane)

The first structure is called“hormél butane. It has a con-
tinuous stralght cha1n structure, with each carbon bondew,to
no more than two other carbons. The second compound is
called isobutane, or methylpropane.

One of the ¢arbon atoms in isobutane is bonded to three
other carbons. These are two distinct compounds (1somers)
as indicated by their boiling points,.as well as other prop-
erties. (fsobptane has a boiling poini of'ﬁll.7°C, whereas

normal butane has a bbiling point of 0.5°C.) Table 5 illus-.

trates the tremendous number of 1somers possible in organic
chemistry. For 1nstance, there are 62 trillion possible iso-

{
mers of tetnai:i7ane. L »

LJ’ / : . - ’ @ 4

- - * — 3 “ - ’ o - - ‘
( T \ N
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.TABLE 5. - NUMBER OF POSSIBMg ISOMERS OF' -
: SELECTED ALKANES: :

~ *

Molecular- N A " Number of Possible

Formula . 1 Name ' "~ Isamers .

| 4' . H - ) ‘ = ‘

CH, | //ﬁethane ) ° o} —
. C,Hs . Etha}n'e - . - © . -0

C3Hsg ~|.” Propane 1. . 0

‘CyHy 0 Butéin_e : ’ ’ ’ iy 2

CsHio . © . Pentane - ’ 5i:

dsHie 1 - Hexane e ) 5
‘C7H}s e Hepféne° R 9

CeHie g . Octane : o 18

Ci2H2s Dodecane - , ) 355 )
CaoHuz Eicosane — 366,319*"“\\\\~“-
CusoHs2 K Tetrac?ntane . ) 62,491,178,805,83I _ X

[4 - v ¢

.
L 3 .~ &

-

- Thz/holecular formula does not glve enough information
to be very useful in working with organlc compounds; there-
fore, '"structural formulas" are used. A_dash (=) is used to
represent a bond between pairs of atoms %ather than using two

dots to represent the two electrons, The follow1ng formulas

can be used to rep{gseng butane: s - -

1. A simple molecular formula: < . —
CyHio : B '

2. A siﬁplified structural formulhﬁ , /)/f

CHs — CH, — CH, — CHj

' e

09/Page 17
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1

3. A full structural formula:

4 n
H H H H ] )
T T T .
- H-C—-C—-C-C~-H. ’
4 | b |
- H H H H * ~

When first starting to study organic &hemistry,fit is best
for one to-use the full structural formula. After some

' famlllarlty with wrlting structures, howéver% the simplified
.structure «is sufficient.” The simple molecular formula nor-
mally is not very useful. . . ‘ g?r 1

-

“ L . ( . :
" CLASSIFICATION OF ORGANIC COM?OUNDS

Qrganic eompounds cap be cla551f1ed lnto two general
groups: allphatlc compounds and aromatlc compounds “'ALi-
phatic compounds are straight-chain compounds, although'a

féw cyclic- (or ring) compounds that chemically resemble
straight-chain compounds can be straight-chain or branched
Aromatic compounds have a special six- “member hexagonal car- .
bon ring called the benzene ring. The aromatic hydroca;;yﬁ/
and

form three common series: the bepzene, the naphthalene

the anyhracéhe series. The aliphdtic hydrocarboas a}so form
three series: the alkanes, the alkenes, 'and the alkynes.

The sources, chemical reactions, physical proﬁerfies,’and
nonmenclature of some of the members of these geries will now

** be Considered. !
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" generai formula of CpHyp42, where n can be any number, If "’

ALKANE SERIES '

.

’ The alkane series of hydrocarbons are thé simplest

'organic compounds. They contain only single bonds and only
two elements: carbon and hydrogen. The series is.also called
the methane series (after the first member of the series) and 
the paraffin series (because of the stability of members of
the series which- resembles paraffin — one of the highest mem-
bers of the series). The members of this series have the

n = 1, the compound is CHs; if n = Z, the eompounde'is C.Hs;

if n = - 3, the compound is%3Hs, and so on. ’ .
The first member of the alkanes is methane (CHu),

’

colorless, nearly odorless gas. About 90% of the gas in .
natural gas is methane. Methane i5s formed by the decomposi-
tion' 6f organic matter - such as in marshes; therefore the
gas is sometimes called marsh- gas. It also is formed in coal
mines (coal gas), where it can form a dangerous, explosive
mixture with air. Since methane is-almost odorless, mercap-
tans are added to give. natural gas a.detectable odor so that
it %5 safer. - :

The first four members of the alkane family are gases. .

. Alkanes containing 5 to 17 carbon atbms are liquids at room

temperatute,. whereas those having 18 or more carbqg atom§ CEe
"are solids: ¢ Do L cot . ~ “ -
¢ & . . B

The alkanes all of which are obtained from petroleum

, \ t ,
. are usually cons;§23~as/mixtures. 7 ¢ ' .

P




NOMENCLATURE . :
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~

Many of the more common organlc compounds were named
~dong-ago.— As” the number of known compounds grew,. however,
a systematlc means of naming compounds became nepessary .
As early as 1892, a committee of chemists met at Geneva,
Switzerland, to develop this method. The most recent group
to propose names met in Amsterdam in 1949. This system of
naming organic compounds, known as the TUPAC (Intérnational
Union of Pure and Applied Chemistry) system, is$ currently
in use. Unforgunately, both the common name and the propeg
name for many.compounds are wideiy used; therefogef'both

must Re learned.
The first four members of ¢he alkanes have only common

names: methane, ethane, propane, and- butane. (Note -that

all  of the alkanes end ‘with the suffix. -ane.)  The next .
members follow a system in which the number of atoms present
1n a cont1nuous chain 1s "indicated. by a Greek preflx, fol-

lowed by the ,-ane (or -ne) suffix.” The follow1ng are

examples: ° ' - f L

. )
- CsHya 1is pﬁntane‘gpenta is §5).
> CeMiy is hexane (hexa is 6).
~ C7Hys is heptane-(hepta is 7).

P " CsHye 'is octane (octa is 8).

-
* B

. The unbranched, or continuous, chain alkanes are called

"normalh"'and‘rne prefix n- is used (for example, n-butane).
Alkyl groups, or radlcals, have no 1ndependent ex1stenee

but they are used 1n naming organlc compounds. ‘Removal of
one hydrogen from an alkane glves an alkyl group, wh1ch is
named by replaC1ng the -ane of the alkane with -yl.” The

~

follow1ng are. examples:
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H H- , )
s . |
H=-C-H  becomes H-C-  or CHy — -
- ' ', .
H -H
®  Methane Methyl
. r “~
° . Y] “\{
H X ‘ H H .
l )l . l I Q
H—C—-C-—-H Dbecomes H-C=~C- or CpHs-
1 | | | .
H H - H - H
.Ethane : Ethyl
The following are exa@p}es of using the alkyl groups in ~
naming compounds: . : .
CH;Br - Methyl bromide . .
CzHsO0H * Ethyl alcohol g '

CH; — CH, — CH, — L.

n-Propyl iodide\

The following IUPAC rules are
compounds:- )

1.

o

\

te}pful in naming'organkc_

s * L3
Determine’ the longest edntinuous carbon chain in the
compound and ﬁame ;t,as an alkane.

chain is- the basic name "of the compound

2. Number the carbon atoms in the chain from one end or
the other so thatt the alkyl groups or o}ﬁer atoms have
the smallest p0551b1e numbers., . )
The position of each substltuent is de51gnated2by the

nuitber of .the carbon atom tq whlch it is attached
Hyphens are used to separate numbers from names of

" “sybstituents. o \ ot

—
.
. - N \ ~

The, hame of this -

.
e

FId




<

4. " If identical groups appear more than once, the number
of the carbon to which each is bonded is given each
time. If identicd&'groups appear on the same carbon,
the number is'repeated. Numbers are separated from
each other By commas. The number of identical “groups
is indicated by prefixes: di-, tri-, tetra-, and so

- on. ) ’

5. The name is written in a continuous mahner (that is,

__.there are no6 spaces left in the name).’

6 If more than ope alkyl group is present, they are
) = named in alphabetical order (for example, ethyl before
o nbthyl) . (

- - - -

The preceding rules are illustrated below:

<

CH; ' .
. ' | , .
I - CH3 = C-—CGHy— - -2;2-Dimethylpropane
- | -
' .CH :
' The longest carbon chain is three; therefore the basic
name is propane. ,Two methyl groups are Qn carbon num-
T ber 2; therefore 2,2-di- is used. . -
-, . CH,; : ‘ )
. i -~ N N
CH; - C — CH, — CH; 2-Methylbutane
. . I ]
¢ H W

s - The longest carbon chain is four; therefore the basic
name is butane. Numbering from left to right would'?\
place the methyl group on carbon number 2. (Numbering
* from right to left would place the methyl gréup on
carbon ' number 4. Since fpur is larger than two, 4- .
methylbutane would be incorrect.) . ’

.
e . ’
- ¥ ' .

. -
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H ‘ -

‘l
- CHy —C —CHs - Cl 1,2-Dichloropropane
i | . LN

Cl

~—— B \

- The longest carbon chain is threengyerefore the basic
name %s'propane. Numbering from riéht to left gives
the smallest numbers (1 and 2), rather than 2 and 3.
One chlorine is on carbon number 1 and one chlorine is
on carbon number 2. Since there are two chlorines,
di- is used.’

A CH, ‘ Cl
| |

CH; — CH, — C — CH, — C — CH;. 2-Bromo,2-chloro,
| | 4-methylhexane

H . Br

The longest carbon chain is six; therefore the basic
name is hexane. Numbering from right to left gives
the smallest numbers. Both bromine and thlorine are
on carbon number 2.° (Bromo appears in the alphabet
before chloro.) A methyl group is on carbon number

1y

4. \ -

The most important use of the alkanes, as indicated
earlier, is for fuel. As an illustration of the combustion
of alkanes, consider. th& combustion of propane: ‘ .

C3Hg +.5 O——>3 CO, + 4 H,0

‘ -

Propane Oxygen Carbon  Water
. dioxide

A}

. 138 CH-09/Page
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ALKENE SERIES -

Members of the alkene series have at least one double
bond. This series is also known as the olefins, or the
ethylene series, after the first member of the group. The
me The first three
compounds in the series are gases, whereas the "higher mem-

general formula for the series is C H

bers are liquids and solids. Ethyleﬁe is used-in artifical
ripening-of fruits since it destroys the green chlorophyll,
changing the fruit from green to yellow. Its major uses are
. as follows for production of ethylene gfycol,_for use as
antlfreeze, and fof synthesis of plastlcs

The IUPAC rules for naming alkenes are the same as
for alkanes — except for the following rules:

1. The longest chain containing the double bond is num-

bered. - - §
2. The -ane is changed to -ene for alkenes.

3. The numbering begins from the end of the chain which
allows the doubIe bond to be located on the smallest
numbered carbon as possible. The double bond 'is lo-

bond. !

cated by the number given to’the first Qﬁ;bon of the
4, The prefixes di, tri-, and so on, are U?ed‘when more

than one ‘double bond is present, and they appear with-

)

in the name just before the -ene.

~

The preceding rules are illustrated with the following ex-

amples:
{
H H . ° . H H H . .
t t : R T
H-C=C-H .H-C-C=zC-H
. Ethene - Propene
(ethylene) 4 (prqpylene)e
t ‘1“
Page 24/CH-09 .
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+ The- flrst two members of the series; ethene and propene, are
shown above It is not necessary for numbers to be used to
locate the double bond since there are no other possibilities
for the location, In ethene, the bond must be between the two

carbons, and; in propene, the bond can be between eitherspair '

of carbons. " Howéver, thée positions are equivalent Remember
that the molecule is free to rotate. -If the bond is on the
right pair, a. rotatlon of 180° places the bond on the left,
and the mplecule is the same one. ' Common names for these ‘
coﬁpounds are ethylene and ngpylene.

There_are two possible compounds of molecular formula
CyHg: 1-bu e and 2-butene. These compounds are shown.

below: ° g ’ ‘)
H H H H, - H
| | | | o s Y
‘ H-C-C-Cz=C-H or  CHy —CH, —C=CHy
! [ ’
H H _ ~
PR 1-Butene- . - . 1-Butene
W H 'H H H. H,
A T L
H-C-CzC-C-H oT CHy — C —C — CHs
I' ¥ . [
H ' H H
2-Butene - b 2-Butene

According te the IUPAC rﬁles, thé number starts from
the sﬂﬁe which will plaée the smaliest number next to the
carbon-tarbon double hond. Thus, the correct name for the.
first s ructure is 1-butene -(not 3- butene) Note that this
is an example of another type of isomer.

K " CH-09/Page 25
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‘that contain a .triple bond, or three pairs of shared elec- .

"Page-26/CH-09 . -

\ . ) ¥
H H H H?‘) .
| | | |
H~-CZ C‘— CzC-H 1,3-Butadiene

This compound has four carbons; therefore the basic name

is butane. Since there are double bonds present, the name
is butene. The two double bonds are located adjacent to
the numbers 1 and 3 carbons The pfefix di- is inserted
before the -ene to reinforce the fact that there are two
double bonds in ‘the compound’.

[ a

CH, CH;
| !

CHs — CH — CHy — C-2NCH, 2,4-Dimethyl-1-pentene

The basic name of this comﬁound is;pentane, since it has

five carbon atoms in the/longest chain containing the double «
_bond. However, the name is pentene because of the double '
bond. - Two—methyl—groups are-present-~one—0n—carb0n*number~*—

2 and one on carbon number 4. Thus, 2,4-dimethyl is part of
the name. The double bond is adjacent to the carbon numbéred
1. This is indicdted in the name by the 1 appearing just be-
fore the pentene Note that this is not 4, since the double .

bond is located by the smallest number possible. Therefore,

‘the numbering of the carbon atoms begins on the r%ght rather

than on the left. .Note that in all cases the carbon atom

‘has” four bonds. C o . -

ALKYNE SERIES ' . AT ,

+
~

The .alkynes, or acetylenes, are,dﬁﬁgturated hydrocarbong.

trons between- adjacent carbon atoms. The general formula

.

-



for alkynes.con aining one triple bond is CnHZn-Z‘ The first

-

H-C = C-—lj ' Ethylyne (acetylene),

The alkynes arR named /by using the same rules as those for
the ethylene series, exept that -yne is used to replace -ane
of the basic name. Examples of members of this series.are

given below:
CH; —C = C—-H Propyne (methylacetylene)
p CH; —C = ¢ — CH,; 2-Butyne
CHy —CH, —CH-.C—-C -H ' 3-Methyl-l-pentyne -
. ' L]
CH,

member of the series is ethylene, commonly called acetylene: .

CYCLOALKANES

-
\Cycloalkanes are saturated hydrocarbons that have ring
structures. The first three members of this series are

shown below:

v CH: CHz — CHz CHz
' s / \ i I 7 N\
CH2 — CH CH2 — CH: CHz .+ CHz
N /
CH, — CH:

Cyclopropane ,Cycﬁkbutane Cyclopentane

I

]

- 142
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‘ %, These rirgs are under considerable strain and, therefore, the
cycloalkanes, in general, are rather reactive.

- AROMATIC HYDROCARBONS

¥

The aromatic hydrocarbons are ring hydrocarbons that .

A contain the benzene structure. These hydrocarbons are ob-
~— tained from the destructive distillation of coal, which pro-
duces the coal tar containing the aromatics. As the demand

- for the aromatic éompounds has grown, #dditional supplies
have been obtained from petroleum. Mafy of the aromatic ‘
compounds have a rather pleasant odor — hence the name

. "aromatic.'" Benzene is a cleér, colorless liquid having
a fairly pleasant odor. Excessive inhalation of benzene
and most aromatics should be avoided bJﬂéuse of their toxi-
c1ty: Benzene freezes at 5.5°C, bodls at 80.1°C, is insol-
uble in water, and is an excellent solvent for fats, waxes,

and resins.’ Benzene and other aromatics have a high anti-
knock value; therefore, they are used in gasoline to raise
the octane number . Largef amounts of the aromatics must be
used in no-lead gasoline than in leaded gasoline — which
causes the cost of no-lead gasoline to be higher than the

leaded. ' _

_ The molecular formula -for benzene is Ce¢Hes. Three com-
monly used structures for benzene are given on .the following
page. ¢

b
J +
- " Page 28/CH-09 | 143 :
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H ‘ .
) .

(1) (2) (3)

. @
Structure number (1) indicates that the six carbons have
alternating single and double bonds — which would indicate

the double bonds. However, this is not the case; benzene

)

is rdther stable. The bonds are equivalent to each.other.

* »

&

\ ?
NOMENCLATURE OF AROMATIC COMPOUNDS ) ‘e

[}

An element or radical may replace’one or more of the

hydrogen atoms of benzene ‘to give compounds such as the
following: ) '

q

. :. Vo '
Chlorobenzene Nitrobenzene . Methylbenzene
(toluene)

<
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- : These compounds are named as substituted benzene. The group
\C5H5 (benzene minus one of ‘its hydrogens) is known as the
phenyl radical; therefore, "the first compound can also be
called phenyl ‘chloride. Names of this type are encountered
occasionally. When two or more substituents appearson the .
ring, their relative positions must be designated. This can

be done by using the prefixes, ortho- (o), meta- (m) \kuV”
para- (p); or it can be done by locating the substituents

.on the ring by numbers. The six carbon atoms are nembered

so that the’smallest;poesible numbers are used. Suppose

that there are two methyl groups attached to benzene. These
are three isometric forms of these dimethylbenzenes, or’
Xxylenes: ] ) N . ) )

CH3
CHs

— o CH,

o-Xylene m-Xylene p-Xylene
(1,2-Dimethylbenzene) (1,3- D1methylbenzene) (1,4-Dimethylbenzene)

-

— k]

" In the Qrtho positioﬁ, the--two subs;i;uents are adjacehx'to
.- each other (on the numbers 1 and 2 carbons). In the meta
posit;on, ‘the two substitugnts are separated by one carbon
(on the number 1and 3 c rbons) In the para b051t10n,.the
two substituents are oppo
"~ o and 4 carbons). o .
' o Toluene, aniline, and phenol are three common names

ite each otheg (on the numpers 1

given to. important derivaties of benzene. Their structg;es
are as follows:

w-» ' Pdge 30/CH-09 , - 14.
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- \ , .
CH, ~ NH, “ OH
o <@ . ® S 3
Toluene Aniline Phenol
(methylbenzqgg{ . (hydroxybenzeﬁ?)

e

Derivatives of these comﬁounds are naﬁga‘by cohs&dering the
number 1 carbon to ‘the be one with the group ‘that glves the
compound its name (that 1s, the carbon containing the CH3,

NH2,-or OH group). Examples of these substltuted compounds

are given below:

&

4-Nitrotoluene

2,3:Dibfdmoaniline
(p-nitrotoluene) ;

different subst1tuent&§hccup
Aromatlc compounds‘can contaln mdre ‘than one benzene ring.

Examples include naphﬁhalenizr;;thﬁtwe\§~’QQgi:d benzene
rings, and anthracene, with three condensed behzene rings:

tions on the r1ng

¥
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- l‘“’ 3 -
/
8 1 8 9 1 ~
6 3 - ‘
. 6 3
54 5. 10, 4 |
) - Naphthalene . . Anthracene :
p ~/
The numbering system indicated on the struotures is used to
name substituted naphthalenes and anthgacé%es. Consider the .
’ following substitdted naphthalenes: i T
CH3 : ’
" é
\// 1,5-Dimethylnaphthalene
@ . :
¢ CH o R _ _ R _l I
_—._‘___....__.__‘__> - 3 v———“\/
. | .
l
. T . \ .
R . . N e s -
y SUBSTITUTED HYDROCARBONS . - Lo .
. \

i Substltuted hydrocarbons are hydrocarbons in Wthh at ) t
+ least ‘one hydrogen atom has been repiaced by- a' functiongl
group. Some of the major substituted hydrocarbon classes-
and functlonal groups are identified in Table 6.

The substituted. hydrocarbons contalnlng fluorine are an
important group of compounds, especially those containing
] - more than .one fluorine atom. Tha:;\ﬁolyfluorinated hydro- “_ ) ‘\

carbons, which commonly exist as gases, are extremely inert,
nontoxic, and noncorrosive

. In the liquid state they have a |
~ low boiling point.

Thesé'propértiesﬂmako the polyfluorinated . '
hydrocafbons,useful as refrigerants.

They are commonly known
by their trade name, Freon.

' K o

. 1
. N \_ S &
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TABLE 6.. CLASSES OF SUBSTITUTED HYDROCARBONS
AND THEIR FUNCTIONAL GROUPS. ' '

Functional General .
Class Group Formula Structure Name
% Alcohols ~0—H R—0—H C2HsOH Etiyl alcohol
Phenols *—O—H R—0-H C¢HsOH Phenol {carbolic acid)
Ethers -c=0-c-| R—-0-R | CHy—=0—Cll, / Dimethyl ether
0 2o . _0- -
e s d
Aldehydes ~c’ R—c¥ CHy=C? Acetaldehyde
NH SH ~H
. < ‘):I
RS 8 -
Ketones C=0 . C=0 CHy~C ~CH, Acctone
R/ .
0 (o]
~Z .
Acids ~cZ R—c? ci,-c? Acetic acid
X ol ™ OH S OH
. . ot .y
0 20 | |
Esters R R—C7 = CHy~C”~ Methyl acetate
L ~o-R 0 ~CH,
. Amines ~NH; R— NH, CH,CH2=NH; Ethyl amine N
llalogens r,ci,pr, R—~X (where CH,Cl ’ Methyl chloride
' or I X is a halo- . -
) gen) - ‘ .

=

. A °
A

The élcohols, aldehyhes, ketones, and acids are inter-
related. Upon oxidation, alcohols can préduce aldehydes or
~ ketones, depending upon the alcohol. Further oxidation will
¢ anvert,the aldehyde to an acid. For example, upon partial
. oxidation, ethyiene glycol produces glycolic aldehyde — which
can be further oxidized to produce. glycolic acid, as shown in
the following equation: .7

4

bl ’

S, .l . ’




Al

- 2 ’ ! - ’ . N~
H H H' H - ' H o '
- =1 Oxidation o Oxidation |0
' Hf-?—-?—-ﬁ > H——?‘-C::O — H—C—C=0OH
. - |
’ OH OH . OH . o e OH
Ethylene glycol Glyoclic aldehyde Glycolic acid ‘
- . ﬁ

. Ethylene glycol is widely used as the heat transfer medium
N © in solar energy panels. Ifﬂthe-ethylene glycol is exposed
to air (oxygen), it will undergo the.undesirabie reaction
indicated above and produce glycolic acid. The glycolic
acid is corrosive and prodiices damage to pumps and other
'components of the solar system.

.

©, GASOLINE PRODUCTION : '

RS

>

\ .
" Now that organic chemistry gias been briefly considered,

gasoline production can .be studied. The suppiy of_gasaline
from the fractional distillation of petroleum, called
stra;ght Tun gasollne, is 'inadequate in quantlty and quallty
for supplylng current ﬁbe&é, About 40% of all petroleum is
converted’ tQ high .grade gasoline. A variety of "techniques ' -
are’ used to subplement straight-run gasoline. . 7
-Gasoline is composed of a mixture of hydrocérbons, _which

1nc1udes alkanes, alkened, cyclic compounds, and aromatics.
/
Examples of these hy%}bcarbons are as follows: °~ P 2

- l p -
< .
¢ .
N L] / . AN < ’ /
.
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T .

iSo-octane (branched a}kane) .

Straight-chain hydrocarbons, such as heptane
" In general
They can ignite prematurely in the

in stralght Tun gasollne
for smooth combustion.
engine, causing knocklng.

and lo

H H HH H\H H =

I T O T

C—C—C—C—C—C—C—H
S
H H H H°H H

n-Heptane (alkane)

. 1
e
CHs—C ¥ C—C —CH3

y l
CH:; H - CHs

CHs

Methylcfclohexane

S

s of power.

'H
l
H—C
I

H

Toluené.(aromatic)*

o

H H H

|1
—C—C—C=CH; -

L

H H ‘ ,

<

"1I-Penténe (alkene)

-

o

aTe obtained

they burn ‘too fast

This can result in engine damage
On the other hand, branched alkanes, ‘

cycloalkanes, alkenes, and aromatics burn zofe evenly — and

without knocking.

The octane number is a

ating used to

‘indicate’ a gasoline's tendency to knock.- On the octane’

‘sca{eé—//
- octan

1s assigned a value of 100(

heptane is assigned a value-.of zero, whereas_iso-
A gasoline with an octane

rat1ng of 90 would have the same tendency to knock as would
;! mzxture of 90% 1so octane»and 10% n-heptdne.. Octane tests

*‘are conducted 1n;testhng 1nterna1 combustlon engines.

Blends

of n heptane and iso- octane are compared (1n performance) to

LA
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.

- the gasoline being tested. It .is.possible to have octane
'ratings of over 100 — that is, the gasoline will knock even
) less than_1%o-octane. Av1at10n grade fuels generally have
. octane numbers over 100 Octane retings can be improved by
\\j) the use of additives. Tetraethyl lead” (T;L) is commonly used
to_reduce the knocking of a-fuel, thereby - increasing its-
octane rating. .Table.7 contains a listing of octane numbers

of some hydrocarbon5—wi%h—and—%itheut—tetraethyi—ieadT“—““*

- &
N A

- TABLE (7. OCTANE RATINdS.

w“ .o " Hydrocarbon Formula ml TEL/galldn
. . 0 . 3
- " «| n-Pentane " CsHie 61.7 88.7
) n;Hexane CeHyw 24.8 | .65.3 {1~
’ n-Heptane CiHie | 0.0 43.5
5 ° - |-Toluene .. - Sy CiHe 103.2 -111.38
n-Octapge CeHys -19.0 25.0 -
’ ’ I[so-octane CeHie ] 100.0 7115.5 »
. = ,|'1sopropylbenteng JCeHiz - [ 113.0 - 116.7 -
a :

S
3No“te the marked increase in octane ratlngs with the
add1t10n of TEL, espec1a11y for the straight-chain (normal)
hydgocarbons. " In addition, the effect of branching in the
- alkaﬁes can be seen by comparing the octane ratings of n-
T ogtane and isa-oCtdne. These compounds differ_in octane

ratiggs (without TEL) by:119. In order to carry ‘away the

Y
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iead and prevent unwanted deoosits~of lead in the engine,
ethylene dibromide is added to leaded gasoline. The 1lead
reacts with ethylene dibromide to form PbBr,, which is ex- ' .
"hausted into the_atmosphere.f In an effort to eliminate ° '

the environmental hazard '‘of emitting thousinds of tons of

lead into the atmosphere yearly, later model automobiles

use unleaded gasoline. _Tneme1ininerion_of lead compounds

from gésoline requires that the automobile have a lower

compression ratio so that the lower octane gasolines may
~be used. The lower compression ratio results in decreased
power of the automobile. To compensate somewhat for the
loss in octane ratlng by the elimination of lead compounds,
the more costly aromatic hydrocarbons must be included in
gasoline blends, accountlng for the greater cost of- unleaded
gasoline as compared\ﬁo leaded. Previousl?, the aromatic
compounds were removed\ from gasoline duringothe refining
process.so they.could be used to produce a variety of prod- ,
ucts. This increased competition for aromatics has driven
their price up, and this increase is reflected in products
made from aromdtic hydrocarbons . . N

Normal centene, C15H3u, is ‘used as the standard for ’
rating diesel fuels. High octane numbers are not desirable
for diesel fuels that come from the gas oil fraction during
thexfractionel distillation ofvpetroleum.

A number of methods are used to increase the yield
of gasoline from petroleum and to increase the octane number.
In the fractional distillation of petroleumtvrelatively‘
large quantities of the longer-chain hydrocarbons are obtained.
-These long-chain hydrocarbons can be broken down into two -
or more smaller molecules in a process called catalytic. . ._... ..
crack1ng "».Pressures as high\as 1200 pounds per square inch .
and temperatures up to 1000°F,’along nifh a.suitable caegﬂyst,

. 152 CH-09/Page 37.




are available from the cracking process. - For example,

-

are ﬁsed in the cracking operation: A variety of products
CisH32 can be-gracked to produce compounds contalnlng six,
seven, eight, or nine carbons. The straight-chain ¢ompounds
can be reformgd or rearranged into cyclic or branched com-
pounds to have a gasoline of higher octane number. In the
cracking operatlon a molecule of centane, C;gHsiy, can be

sp&et into a molecule of octane : 5ﬁa“§§mﬁT€EUT€“6f_Uﬁ§§fﬁTafé&‘*
octene: ’

.

CieHsu, Catalyst > CgHis + CeHis
_Heat, press .
R

-

n~0c;ane~§igi£fne

Catalytic cracklng is the _most meortant technlque of in-

£

Centane

¢reasing the y1e1d of: gasollne from petroleﬁm.

Another method of increasing the yield of gasoline
is reforming. 1In reforming, a straight-chain hydrocarbon
is converted into a branched hydrocarbon. Consider the

reforming of n-butane into isqbutane when heated with a A
suitable catalyst: . . R
Fiid e 1T
H=C—C—C—(—H —C3tal¥St _ cp_c—cH; + H,
T T ] Heat  .: | .o
H H H H CH;
n-Butane ’\ * Isobutane - H}drogen ‘
- J
v

PoLymerlzatlon is used in the refining process to com-
bine small chain~hydrocvarbons into longer-chain compounds.
"It is essentlally “the opposite of cracking. The initial ;

. ’ , ¥

-

3

¥

.
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fractional distillation of petroleum yields propane, butane,
and other short-chain compounds that are not useful as

- " gasoline. They may be polymerlzed however, into longeg
chain coxzounds. For example, n- propane ‘can combine with

_ 1-butene to produce n-heptane: - . S
H H H H H H H
- 1 .
H—?*?;?—H-+? =C— ? ?—H——)Cﬂrﬂh—mh4m}£m—CfﬂHg
H H, £ H H H H
' n-Butane " 1-Butene . ' n-Heptane' '

Still anotHer method of increasing the yield ofigasoline
is dehydrogenation; this involves removing hydrogen from ‘ 4

saturated hydrocarbons, such as propane and butane, to form
unsaturated hydrocarbons (compounds with double bonds), such
35 propene and butene. The unsaturated hydrocarbons can
then be used in polymerization, as illustrated preV1ously .
with l-butene.
Alkylation is similar to polymerization in that smaller
molecules are combined to oroduge larger hydrocarbons. In

alkylation, branched alkane€'s are combined with branched ~ 7~ o
* alkenes to form¢longer-chain compounds. Aikylation is illus-
trated by the combination of isobutane and isobutene to

. form 2,2,4- trlmethylpentane v 7 L
o e
Cat t
CH~C—H + CH;=C—CHj; —0 alyst, o CHs+C—CH,=C —CHs
| o Heat - | | '
,_/ CHi, CH,- . i : CH3I CH4 *

Isobutane Isobutene . 2,2,4-Trimethylpentane

°
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In summary, the fractional distillation of petroleum
does not produce the desired distribution of compounds;
spec1f1ca11y, much more gasollne is required. %o increase
the yield of gasoline, a number of methods are used in-
cludlng catalytic cracklng, reformlng, polymerlzatlon de-

‘ hydratlon, and alkylatlon )
As 1nd1cated earlier, the liquification of coal to

form petroleum-like products will be required in the future.
Because” of the absence of petroleum deposi£s, Germany -
during World War II — developed several processes for the
production of liquid fqe}s from coal. In one of these, coke
and steam are used to .produce carbon monoxide and hydrogen.
The carbon monoxide is then reacted with an excess of hydro-
gen to produce hydrocarbons that can be used as liquid fuels.

e “

The reaction is as follows:

-~
.

8§ CO + 17 H, —catalyst _ oy =+ 8 H,0
Heat

-

Hydrogen . ' Octane Water
;

Carbon
monogide

'

The catalyst used is thorlum ox1de, ThOz2, and .the temperature
is 250°C. This reaction is known as the PlscherrTropsch
‘* proéess. . . ' '
“ /Anether'method'for_the liquification of coal, kﬁown
as the Bergius process, combines hydrogen and carbon di: 'y,
rectly under high pressures vand temperatures:

wr
N
1]
o
=
(=)
~
(@]
ja s
]
o
0
~
.
Tt
i
V™




’ Kl4
. A
: 8 C + 9 Hp — 1220, M00: > CoHie ,
700- atmospheres : '
. 400°C
' ‘ Carbon Hydrogen ( Octane ] o
s , . N~

The Bergius process can be used to produce diesel fuel, jet

“fuel, and gasoline. The cost of gasoline, when produced from
coal, is not now competitive with that produced from petro-
- leum. ’ . >

- ALTERNATE ENERGY SOURCES

f

R34 < . Ly
'

As already indicated, the near exclusive depen&ence
upon fossil fuels and the accelerétingﬁutilization of these
fyels have resulted in aﬁ energy crisis. The availability
of natural gas’qu petroleum is negfing its peak; in the .
future, less of these fuels will be available. Therefore, -
considgerable nesearch and development is being conducted on
.alternate, or'dﬁcoﬁventional, energy sources. Certainiy
coal gasfficétioniand coal liquification (which were dts-
cussed préviously) can be considéred to be unconventional
energy §ources: Additional alternate energy *sources 1nc1ude
" methanol, ethanol, hydrogen, biomass,.solar, nuclear, wind, . .
tidal power, hydroelectrgc, and geothermal. Nuclear )Yission '
ahd fusion as sources of energy will be considered in a .
. later module.

-
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+ " METHANOL .
L 4

s

. Méthanol (methyl alcohol) has been used as a fuel for

, over a century. It is a liquid fuel that could be used in
internal combustion engines to power automobiles without
major modification of -the eng1ne. Methanol (also called

o

——weed—aéeehel)~ean~bewmade—from wood coals—other fossil—
fuels, farm wastes, and mun1c1pal wastes. It Burns with a =
_clean, blue flame, with no émission of sulfur oxides or par- -
ticulates. Although it is 'being considered primarily as a
réplacement® for gasoline, methanol could also be used for
space heating and electric power generation. Methanol when

"~ used as a gasoline additive [in present eng1nes W1thout mod -
N i ification, increases engine/ power, and economy while decreas-
ing engine emissions. | anol is'é liquid at room tempera-
" ture and can be trans 'rted and handled in much tne same
manner as gasoline.,/ibgasoline-methanol minture containing

\ 159 methanol appears to be the optlmum mlxture.’ With this

) mixture (in an unmodified engine) carbon monoxide emnﬁ{fins
decrease by as much as 70%, fuel economy improves By 0%,

and acceleration improves,by 7%, as compared to gasoline.
Methanol has an octane number over 100; therefore it can be
used to replace tetraethyl lead as an dntiknock agent: Its
use-as a mixture could stretch gasoline reserves. Methanol's
low energy content&(approximately half that of gasoline) in-
creases its relative distribution costs. However, a disadvan-
tage of methanol is its corr051ve tendency The two primary
limitations to its use are price and availability. As the -

price of, gasoline continues to increase, methanol will be-

.does not increase as rapidly). By u51ng municipal wastes to
N N ?
produce it, methanol would become much more available and
&

\
<
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less eXpensive: It is’estimated that, if ‘all the municipal
‘wastes ln the Un1ted States were used to, produce methanol,
enough would be avallable to supply nearly 8% of the fuel .
- required/yearly for transportatlonu Another source of >

nethanol coutdcome fiom wood; which would—be—produced on
energy plantations. These commercial forests would, in
’effect, be solar converters that could transform solar en-
ergy into wood and then into methanol. The city of Seattle,
Washington, i% conducting a study of the production of
methanol from the city;s solid waste. The volume of waste
needing to be disposed of is greatly reduced, while, at the
same time, 100,000 tons of methanol could be pfoduced.

ETHANOL
[3

Another alcohol with a potential for use as a fuel is
ethanol (also called grain alcohol, o} ethyl alcohol).
Ethanol can be produced by the fermentation of grain. Any
- grain can be used, but the most econom1ca1 is milo.- The

first step in the productlon of ethanol from grain is the
conversion of starch in the grain to sugar:

!

Diastas ‘
2 CeHio0s + H20 i » C12H220;1
in malt

Starch \ Maltose

The enzyme diastase converfs the starch to the sugar maltose.
- :
In the second step, the maltose is converted to glucose with
s

the aid of the eﬁ;yme maltase:” )
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/ethanol

-y

: S Maltase : (
Clzﬂzzo}l + Hz0 —> 2 CeH,204

Maltose . Glucose

+

Finally, the glucose is'converted to ethanol with the aid of
¢ QU
the enzyme zymase: - -

- — ?

J— -

> 2 C,HsOH + 2 CO;

C2H; 206

Lymase —

Glucose - Ethanol \

The by-product of the fermentation, carbon dioxidé, is sold
as '"dry ice" in the solid form or in tanks as compressed gas.
The fermentation\grocess produces ethanol of approximately
10% The ethanol is separated from the fermen-
tation mixture by fractional distillation. -

concentration.

In addition to being made in the fermentatidn proces;,
is also currently made from ethylene.~‘The cost of
ethanol made from ethylene is approximately half the cost of
ethanol ‘made from grains. A presept,*it is uneconomical to

make ethanol frqm grain in comparison to the ethylene pro-

. "Page 44/CH-09
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 ethanol madé from ethylene as a fhel,’sincghethylene is a

hydrocérbon just as gasoline is. To move from depéndence
on petfoleum, the ethanol used as a fuel must be made from
fermentation of grain. A-blend of gasolineoéthanol contain-
ing 10% ethanol (calied gasohol) ié being fleet iested. A
blend of this composition‘@ould/faise the pxice of a gallon
of gasoline by three cents a géllbn. No advantage of using
ethanol.is seen in terms of>drivability or reduced emissions.
Solubility problems assbciated with gasoling, alcohol, and

water would present broblems\of‘handling? since storage

. - 159

However-; no—real-advantage is—obtained—in using—'——————
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¢ facilities would require some way to prevent water‘contamini-

) tion because of the hygroscoplc (water- attractlng) nature of
ethanol. Cold weather separatlon has been a problem, as well

as slow vehicle warm-up. Ethanol has an octane value of 106

—  therefore it can be——seJ—to—replace—at—reast*a portlon of the e

tetraethyl 1ead in gasollne. As with methanol corr051on

problems are associated with the 1ntroduct10n of ethanol 1nto

the, internal combultion eng1ne. In summary, there are no

important technical advantages to the use of ethanol as an

automotive fuel, and until the cost and availability of gaso- -~
‘ line become significant factors', the use of ethanol will be

~ .

limited.

i s

HYDROGEN
: 3
. -The term “hydrogen economy' refers to the conceptlin
which conventional fuels would be replaced by hydrogen. This
concept\h\f appeal because; potentially, it can solve\the
_pollutlon problem. When hydrogen burns, the product is water;

therefore, ‘unlimited amdéunts of hydrogen could be burned with-
° out polluting the-atmosphene. The reaction is simple:

»

: 2 Hy + 0p——> 2 Ha0 + Heat-
) v
Hydrogen could be transported in the pipelines currently used
for natural gas. In heating applications, it would require
‘ little venting since carbon dioxide and particulates would
‘not be emitted — only water. Hydrogen can be burned in jet
engines and, with modification, in the automobile engi%e.
Most of the hydrogen produced today is made from '-methane.

.
- .
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If hydrogen vere to become a useful fuel,
be made from methane,

-

1t could no longer
since there would be no .advantage of
convertlng the fossil fuel methane to hydrogen.

source for hydrogen is from the electrolysis of water. In

electrolys1s, an electrie current is passed through water

and the water molecules are broken down into hydrogen and
“oxygen gases. hyc

The best —

———

—

The major problem of the hydrogen economy is

that electricity must be used’ to produce the hydrogen. The

advantages of the hydrogen economy can be rea11zed only if

an inexpensive method~<K\prodhc1ng electr1c1ty is devised,

such as by solar .energy or nuclear energy. Even if all fos-

sil fuels were depleted modern /society could exist in much

the *s'ame manner as it 1s now by utlllzlng hydrogen - that is,
if adequate electrical energy were avallable.

.
.
<t
‘.
o .

,BIOMASS | - ‘

[y

.
‘

Municipal wastes, including garbage, trash,

and sewage,
have traditionally been discarded.

The volume of waste grows
each year, making disposal difficult. This waste can be used

to produce valuable products. The.decay of organic matter by
bacteria — in the absence of air — résults in methane gas.

In the presence of oxygen, methanol can be produced.

tain part f'the municipal waste can be incinerated to pro-

duce steam for generating electricity. As fuel costs and

\\waste disposal costs rise, more cities will likely start. pro-
ducing ' fuels- from their wastes. s

T

ne medns of achieving a long-term, perpetual methane

is| to- convert. a continuously renewable nonfossil
.carbon to“Synthetic gas.

econom

The renewable carbon could come
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from plants commonly referred to as biomass. Sources of {
biomass include trees,‘plants, grassés;oaigae, or wager
plants which are produced’ from sunlight by photosyntﬁ?&is:
o Tremendous quantities of these plants would be required to
produce energy at thg level of current céﬂsumption. The °~ [
> _techhology for biomass production and gasification—is—cur~— - .
rently available and should be competitive With gas derived |
.. “from coal. Table 8 lists some exa@ples'of fuel gas produc-

tion from biomass. -

A}

> A

TABLE 8. EXAMRﬁES'OF FUEL GAS PRODUCTION FROM BIOMASS.

~

Coriversionf . Fuel
Biomass Reaction | Conditions Products

Pine bark  |Pyrolysis |900°C | Low Btu gas, char, oil
Rice straw |Pyrolysis |200-700°C  -|Low Btu gas, char, oil
Wood 4Digestion 30°§».30 days}Intermediate Btu gas
Water hyacinth{Digestion }48°C,®28 days|Intermediate Btu gas
Seaweed algae ,Digeséiop‘ 33°C, 20 days|Intermediate Btu gas

Water hyacinth and algag'are.high producé&s of Q}ganic

materials. Algae prpduction is 73 tons/acre/year (unde:
ideal condftions)} whereas water hyacinth production in
Mi?sissippi approaches 15 tons/acre/yeér. Cofmercial con-
version of biomass is expected by 1985.

-

N\
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GEOTHERMAL - . . .

. Geothermal energy has the potential of providing a
much greater dmount of energy than is now available from BN
this source. Fiffeen countries have operating electrical
generatlng plants or are constructlng plants utilizing geo-
thermal steam. At many geotherma1¢51tes, steam is led di-
rectly to the turbipes for electr1c1ty production. Much of-

the western -United States has: underlyi‘g hot-rock formations.
It_may be p0551b1e.to drill a we11 into the thermal region,
pump water into the well, and ‘remove steam from another well.
The ultimate potential power’ generatlon available‘from geo-
thermal energy is unknown, but this source may provide a Eig3

~nificant amount of energy in the future. .

*SOLAR ENERGY ‘ e

. @

Solar energy has been described as a virtually infiniEe
‘source of energy that is free. gowevef, the applicationsﬁgf
solar energy have- been hampered by the fact that sunlight is
diffuse and intermittent. " A large land area is required for
solar collectore, and means must;be provided for gne;E;;stor-
age in periods when solar energy is not available. Solar en-
ergy is belng used in two maJor areas: for space heating and
coollng and for generation of electricity - The necessary re-
search dand development for using solar ;né;;y “for space heat-
ing and cooling is well advanced. However, some "additional

‘work .is required before there€ can be widespr®ad use of ‘solar

.« energy for- generatlng e1ectr1c1ty ‘It has been estimated

that solar’ energy has the potee}lal of supplylng one- -half of
the world's energy meeds. -

- 4
. .
-
£ . N ‘
[y

Page 48/CH-09 . -

7 ‘ . .
.



RY
The major solid fdgl &' coal, but since there are en-
Vironmental problems'aseociated with bdrn’hg large quantities
©of coeal, convers1on proJects to convert coal to usable gases
or_ liquids are being 1nvest1gated ' Coal is the major fossil
fuel resource in_the United States. ,It has beenoest1mated_‘
that a SOO-year supply of coal is available. ;. Natural gas ist ¥

'

almost a perfect fuel; it burns cleanly, has: 2 high energy
content- per-unit weight, and can be transported easily. Un-
fortupately, the supply of methane is decreag;ng Coal gas,
natu%il gas, bottled gas, and acetylene are lmportant gaéeoﬁs
fuels. Petroleum is the major liquid fuel, supplying gas,
gasoline, oil, diesel apnd jet fuels, as\well as being the
start1ng%mater1al for the synthesis of numerous organit com-‘
pounds. The.majgr role of the reflnery is fo. separate the
fractions of petroleum and to increase the yIeld of gasoline’
is dmproved

4

for use ‘in gransportation. The yield of gasolj
by catalytic cracking, reforming, polymerization, dehydrgge- f?
nation, and alky&at1on' Aﬂternate energy sources are oe1ng
developed in order to move awvay from the dependence upon«the
2595511 fuels that eventually will be depleted. These al?%h—»
nate sources of energy include methanol, ethanol, hydvogen,
biomass, solar, nuclear, wind, tidal power, hydroedectric,
and geothermal. Currently, these sources of energy cannot
comp€te u;th the fossil'fuelsa}(herefore‘ their development
has -been slow. However, as prices of fossil fuels 1ncrease
it is expected that most of these alternate sources of energy
will be utilized td some extent in supplying the world's en-
ergy needs. - \ K

While energy production 1s 1mportant perhaps as much

stress should be placéd‘upon energy conservation.‘ Energy
R
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. conserved is energy that doé€s not have to be produced. The
. ' days of inexpensive energy are gone, and energy conscious- '
’ _ness must be instilled in everyone. A number of studies .
have indicated that a 30% reductlon in energy consumptlon
cauld be achleved without undue hardshlp on anyone Designs
‘< ... of equipment, appllances, and~dwe111ngs - everythlng that .
.-
) consumes energy — should be developed -with an effort to
— . //{educe energy consumptlon. -
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.  EXERCISES °

1. Name the following compounds: ' o=
. CH; | b -
I .
a. CHs— CHz - C - CH3 ’ s ) ®
' o : .
CH; |
4
Br

i

& - b CHs - C - CHz ot CHz— CH3
I LA
H -

‘ Cl1 .
R -
c. CH:; — CH, - C — CHs '
° | .
Cl '

2.' Draw the structural formulas of the follox\{ng compounds: *

‘ ® -3
a. 2,2;3-Trimethylpentane. . R

b. 1,3-D£bromoprbpane.

e\“-— _c. ‘l-Bromo,3-methy1’butane.
" [ l .
d. 2-Chloropropane. L - ,
i . 166 - CH-09/Page 51
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LABORATORY MATERIALS

Laboratory 1 ‘ Laboratory 2 - s

50 m! round-bottom - Test tubes '
distilling flask . Glass fubing_ ,

Water condenser - Ring stand '

Adapter s = /,"‘ ’Clamp‘w

Thermometer - Burnef « 7.

Clamp . ) ‘- Wood (splinter§ or excelsior)

Burner = . Soft coal: ,

50 ml Erlenmeyer flask : L}ﬁmus paper ’

Rubber tubing \ ‘

Boileezers ’

Long stem funnel /

25 ml graduated cylinder < :

Fractlonatlng column -
Refractometer

LABORATORY PROCEDURES -

.LA30RATORY 1. \FRACTIONAL'DlSTILLATIQN.
| . oo

.
w

*Distillation 1is w1dely used in laboratorles and the
chemical process 1ndustry to separate llqulds that are solu-
‘ble in each other Consider a mixture of ethanol and water
which are tofally miscible. Ethanol b01ls at approx1mately
78.5°C; water boils at 100 C. When placed in a distillation
- flask and heated to the b01l1ng _point (which would.be a”
point gomewhere between 78.5°C and 100°C, dependlng ‘upon
the composition of the mlxture), the first portlon of vapor
coming off and being condensed wgﬂld be rlcher in ethanol
than 1n'water If the first distillate were then registllled,

.
L4 )
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the initial vapor would be even more rich in ethanol. And,
if this process were repeated often encugh, pure ethanol
would ultlmately .be produced. However, rather than conduct-
ing the distillation by this rather laborious process, a A
fractionating column is used. A ﬁractionating column 1is
a glass.column that is packed with some inert material -
such as glass beads, glass helices; or clay chips — that

- provides a large surface upon. which the vapor can condense,
The hot vapor rises through the packed column until it reaches
a cool enough portion of the column to condense. The 11qu1d
then flows downward unti]l it becomes hot enough to be re-
converted to vapor. Each time the condensate vaporizes,
the vapor is richer in the ethanol [or lower boiling point
liquid). In this process, called fractional distillation,
the components, oOr fraction§flof the original mixture are
separated. In this experiment,.a mixture of ethanol and
water is separated by fractional distillation. All datam
should be recarded in «the Data Table.

A'synthetic mixture of ethanol and water _may be dls-

tiiled, or beer may be d15t111ed Alternately,'a mixture

of methanol and er may be distilled.
“

.

PROCEDURE-

1. Set up the apparatus for distillation as illustrated,
in Figure 1. The distillation vessel is a round-bottom
distillation flask that'is fitted with an adaptor’ '

b e

containing a thermometer. .The tip of .the thermometer
should be near the point where the vapor leaves the -
side arm of the distillation flask. A water- -cooled

N N - - ’ 4 - -
condenser is fitted to the side arm of the distillation

.
Al
.
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_ THERMOMETER
NEOPHENE ADAPTER

CONNECTING ADAPTER ——> | , RECEIVING ADAPTER

—> TO DRYING
4 TUBE IF NECESSARY

FRACTIONATING COLUMN
! -~

v ' -RECEIVING FLASK

DISTILLATION FLASK

BOILING STONES

Figure 1. Basic Appératus for Fractional Distillation.

flask. A condenser adapter leads the condensate into
a receiving flask. The apparatus is positioned so
that the distillation flask can readily be heated.
With.extremeIy flammable liquids, an opén flame from
the burner must not be used; instead, Q heating mantle
should be utilized in these cases. The lower end of
the. water condenser is connected to the water line,
and the upper end is connected to the drain. ’
Mix 15 ml of water with 15 ml of ethanol and place
the 30 ml of mixture in the distilling flask.

Add several Boileezers and insert ;he cork containing

the thermometer. - -
Use a 24 ml graduated cylinder to collect .the distillate.

Page S4/CH-09
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5. Heat the mixture umtil it boils and record the tempera-
ture at which the first dfop of distillate appears

) in the graduated cyllnder
6. Adjust ‘the heating rate so that ‘the dlstlllate df//;;/f

slowly into the graduated cylinder.
7. Record the temperature e&ery 2 ml as the distlllatj%n
proceeds. ‘ \’ /

s
7

8. Continue the distillation until the temperature ‘Teaches
99°-100°C. (If the. distillation resulted in a complete
separation, this point would be after 15 ml of ethanol
was collected, leaving 15 ml of water. This ideal
separation can almost be achieved by using a packed
fractionating column.) Record the -volume of. residual
liquid in‘'the distilling flask and the volume collected.
Plot the distillation curve (that is, plot temperature
versus milliliters of disgillate). ‘

. NOTE: A refractometer is often used to determine the
‘composition of the components of a distillation. The

. refractive index 6f ethanol is 1.36048 at 20°C, whereas
the refractive index of water is 1.33299 at 20°C..

.

N

LABORATORY 2. DESTRUCTIVE DISTILLATION. OF WOOD AND COAL.

Destructive distillation is used industrially to pro-
duce.gaseous fuels and aromatic hydrocarbons from wood and
coal. These distillation processes Qill‘be illustrated
in the experiment.

. . 170 \ CH-09/Page 55
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DESTRUCTIVE DISTILLATION OF WoOD
L4
Arrange,the apparatus as shown in Figure 2. The short
exit tube should-be glass tubing that has been drawn
out into a capillary and cut off. The lower end of
the 'delivery tlibe should be half an 1nch from the bot-
tom—of the conden51ng tube.

3

Figure 2. Apparatus for
Destyuctive Distillation.

———\

Fill the top test tube with wood splinters or ex e151or,

and connect the test tube. . ‘ "//;////
Gently heat the wood at first; then heat it strongly

until no further change is observed. Describe the /
appearance of the volatile matter coming from the

wood. o : .-

-While'heating, bring the flame to‘*the end of "the capil-
. lary tube. Does the gas being emitted burn?
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Allow the apparatus to cool a‘examme the residue
in the test gube. What is the substance in the test
tube?

Describe the appéarance of the substance in the con-
densing tube. Can distinct layers be seen?

7. Test the liquid in theicondensing tube with litmus

paper. Is the substance acidic or basic?

This substance is a complex mixture containing wood
alcohol (methyl alcohol), acetic acid, acetone,, and
other organlc substances, 1nc1ud1ng aromatic compounds.
The destructive distillation of wood produces chareoal,
methane gas, and liquid organic chemicals.

DESTRUCTIVE DISTILLATION OF COAL . >

1. Fill a test ‘tube half full with finely ‘crushed soft
coal. Replace the condénser (used above) with a clean
one. . .

2. Heat the test tube containing the coal — gently at
first and then strongly. Describe the volatile mate-
rial. Is it the same as obtained from wood?

>

N
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Bring a flame to the épd of the capillary tube. Is the
gas combustible? - \ ~

¢ =
+

Heat the coal until gas is no longer given off.
Allopy the test. tube to cool, and examine the residue.
Describe the residue. How does it compare to the
original cost? (The reffdue is called coke.)

Examine the condenéing tube ‘and describe its contents.

v

Page 58/CH-09 ' " .

Name-three products of the destructive distillation
of coal. : ) .

a.

b.

c. ) '

1

.

4

¢



©  DATA TABLE.

¢ _ -
- DATA TABLE. FRACTIONAL DISTILLATION.

Distillation of Water-Ethanol Mixture

Volume €ollected . Temperature °C
—t

First drop .
2 ml ¥
4 ml, ‘
6 ml ——
8 ml //

. 10 @1
12 ml ' \ { )
14 ml . /
16 ml ”

Volume collected:, . ml
Residual volume: - ml

174
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‘Biomass:

‘Freon:

N o GLOSSARY

-

Aliphatic compounds: Straiéht-chain compounds.

Alkanes: A series of hydrocarbons containing single bonds.

Alkenes: A series of hydrocarbons containing double bonds.

\

Alkylation: Combination of branched alkanes to form longer-
A chain compounds.

Aromatic compounds: Compounds containing the six-member

carbon ring.

A tenewable .carbon source from plants such as trees,
grasses, or water plants. .

Catalytic cracking: A process 'in which long-chain hydro-
carbons are broken-down into two or more smaller mole-
cules.

. . I . \ RN

Cycloalkanes' A series of ring compounds.

4

Dehydrogenation: Thé removal of hydrogen from saturated

hydrocarbons to form unsaturated hydrocarbons.

The trade name of polyfluorlnated hydrocarbgns used
_.as refrigerantss .
. 21t
Fractional d1st111atlon A process consisting of heidting ‘a
mixture to vaporize and separate it into fractions

according 4o boiling points. . ~
Fuel: Any combustible substance that is burned to produce
useful heat. . ’ )
Gasohol: A blend of gasoline-ethanol containing 10% ethanol.

Hydrogen economy: The concept‘ln which conventlonal fuels
would be replaced by hydrogén.

Al

IsomeTs: Compounds.having the same composition and molecular
weight, but different atomic arrgngements.

Octane number: A ratlng used to indicate a gasollne s ten~
"dency tb knock in an englne

" CH-09/Page 61
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Organic chemistry: The study of carbon-containing,compounds.

Polymerization: The combination of small-chain hydrocarbons‘
into longer-chain compounds.

Reforming: A process in&which a straight-chain hydrocarbon
1s converted into a branched hydrocarbon. -

étraight-run gasoline: Gasoline obtained from the fractional
distillation of petroleum. g

Substituted hydrocarbons: _Hydrocarbons in which at least one
nhydrogen atom has been replaced by a functional group.
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o - | " | INTRODUCTION i

- S -y, -

, , Plastics, lubrlcants, and adhe51ves are- important mate-

. rials used in ‘the energy f1e1d and in everyday life. .-Knowing
. ‘the propertles of these materials can assist the energy tech-,
o n1c1an in making wise ch01ces as, to their utlllzatlon ‘as they

¢
v

. ‘are encountered on the job. -

O Plastics are synthetic materials- that consist of .giant

\
* N 4 2 .
f , , mojecules. -Several types of plastics are available, each

made from different chemical starting materials. 'It is

T e almost 1mp0551b1e to go through a day without using objects -

> .- made, from plastics: since they are used. in applications such
as packaglng,Gtransportatlon electtonics, construction,

¢ furnlture, i appiranceStrrﬁxamp&es~rnciude—paints~ -— )
v made from plastlcs (polymers), -flooring materials, synthetlc -~
" fibers: for suits, plastlc pipes and fittings, automoblle < '
—: ' steering wheegs, télephones, dlshes, combs,. and seat covers.
o Plastics are frequentby used because of their excellent in-

sulation propertles (heat and electrlcaL), resistance to
- corroslon and cheémicals, llghtness of yelght -strength, range
of calox; .and ease of proce551ng One of the majQr disadvan-
tageé%of plastlcs is. that they deterlorate at high. tempera1
tures Br in the .presence. of sunln;ht. s - , -
- . + The plastlcs‘lndustry 1s a mu1t1b11110n ddliar bu51ness
%Q < It produces ‘many artlcles mot dreamed of deveral yeatrs -ago.
For example, theé Ghoes made rfor walking on the moon are made

) vf from flexible @lastlc 'sil@cone because it prOV1des good ther-w
T ma}—insulation that ﬁ&thstands exzremely'cold and hot temper-. ‘.
) } aturgs W1thput meltlp§ ox.. becomlng brlttf’. The use of plas«
o tics. in the automoblle 1ndustry has alsp increased in the *° -
g ¢ last fey years.' However, plast1¢s are made from chem:cals - s
- L fderryed from petroleum, a_ fact . that-somewhag places.the. fu- E

" - .. turetof glastlcé in doubt. S . FoENS
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. Adhesives, which consist of large, synthetlg”polecules ‘ |

~that are similar to — and sometimes identical to — plastics, .; ~
are_used for joining many types of materials. They are

D widely used in the automobile, aircraft, electrical, aero-
space, and building industries. ¢ .
Lubrlcants are used to reduce thé friction that wastes “

energy and that tends to destroy rubbing surfaces. Primariijr———“**——“
.lubricants are made from petroleum — although synthetic lu- - _n~,
bricants are becomlng more popular. Several factors impor- s

tant in the practice of ~lubrication are considered in this

‘module., . o . >
% , ,.\ [} .

PRERBQUISITES -, ' =

The student should have completed Modules CH-01 through
.CH gs _of Chemistry for Energy Technology I and Modules CH- 06 d
through CH-09 of Chemistry for Energy Technology II. ‘

Iy LY

' OBJECTIVES - . . . . Tz

N . . . A

¢

N

- Upon'complerion of this module, the student should be
S able to: s , C ,
1. Define-the following terms: ’ e T

‘a.”  Monomer.. ' o

- b Polymer. - - B

c. Copolymer. f -

a : . - ~ ‘o . (XY
oo N d., Thermoplastic. ... .~ ' ;kk\\_ - ) i
. . C ) . " 3 .
; .- ve, Thermosetting plastic. ) . a
’ .o R %-Englneerlng plastlcs._ O -
o . g. - Adhesive: . LT . ..
t - b - '.D‘ . o .
) o ¢ . : ¢ N ‘:. . B -
. 180 : . N
e , . :
) 4 3 -
\ -
14 . T ’ = v




Lubricant.
. Friction.

Plasticizer.

h
1:.
j.  Stabilizer.
k
1.

'Glass transition. L
'Identlfy a common- use of the followmng polymers.
a. Polye;hqume. |
b. Polyvinyl chloride.
c. Polystyrene. = .
d. Teflon. . -. 3‘\ .
e. Polymethyl methabrylate. )
~List three advantages of plastics as compared ;o fnetals:
List three limitations of plastlcs. .- .
List four methods of processing plastlcs. o : //f
List three‘advantages of joining materials- w1th
adhesives as compared to using mechanical ‘methods.
.List three environmental cenditions that play an

important role in the practice of lubrication.
. ‘ 7 '

»

.
~

-

k:

TH-10/Page 3




PLASTICS

. % - -

.The starting materlaltﬁer all plastics is the monomer.
The term "monomer" is derlved from !mono, " (heanlng one) and
"mer, " (meanlng unit, or parf) onomer, therefore,’ means
one unit or part. IR producing 1aast1cs, or polymers (mean-
ing many unlts), the small monomer molecules/are linked

through chemical reactlon to form long-chain. compounds ‘One

3

v

of the more simple monomers “is ethylene, CoHy™

’

Ethylene monomer

. " Y . N ~

~

The double bond in ethylene.can be feafrénged as follows:

H
I
—C—
l
H

N ’ .
Th frée bonds oa the end\of efhflene can then combine -With
otzor ethylene, units to'form a long chain, as follows:

’ - .

H H HH HHH
R VO R I T
-C-C-C-C-C-C~-C-
TR T S T B
H H-H, H H H H
.. n

.




The '"n'" in the lower right-hand corner represents-a large

) number, such as 1000 It is common for polymers to have
. ) moleeular weights from 10,000 to 100,000. " Ethylene, a gas,
" combines in the ploymerization process to.form the solijd
polymer called polyethylene.. ' | e
If a‘pure monomer A, such ‘as ethylene, is polymnerized,
the polymer obtained isacalled a homopolymer (meaning alike

throughout)
A DA A A A-A-AN-A-A-A-A-

Likewise the pure monomer B can be polymerlved to form a
homopolymer ‘ » . ‘ oot

- 2 . 1
R

PR -B-B-B-B—~-B—-B-B—B—B —

&

,Butv if both monomers, A and B, are added to each other, and X
the mthure is polymerlzed a polymer called a- ogolzmer“iS‘ o

FTs ~  ‘formed: S
(% R (L

. ~A-B—-B-B-A—-A-B—B—A-A<-A~—

. " =B sB-A-A-A-B-A-B-B-B-A- '
~A-A-A-B-A-A-A-B-A-A-B- .
‘.‘ . ’ - T~ L4 J? '
.Y . - In many copolymers, the order of the units is random' (as .
L indicated in the three preceding structures); and the prop- ‘
T erties of the éopogymer are dete}mined by the katio of the - 5

amount of A-to the amount of B in the copolymer' The prOp-
' - \hftles of -a- cqpolymer are d1fferent from those of the pure

/ ; olymers, and copolymetrs can be tailor-made to have pr0per-'
: ) ~ ties that arp superior to tﬁose of pure polymers - * )
. ‘» _‘
~ - ? ©
_Page 6/CH-10° . - 2 o
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POLYMER ADDITIVES | o
‘ - _ Most plastics used today undergo some ‘type oé'modifica-
. " tiof through the addition of additives. Plasticizers are
added to plastics to make them’ more flexible. For ekample‘
- polyethylene and polypropylene are too stiff for most appli-
cations. However, with the addition of suitable plast1c1zers,
these plastics beeome flexible enough to be useful. For plas-
- ’ tics that ,will- be exposed to sunlight, the addition of a sta-
bilizer.will prevent the bonds from being broken by ultravi-
< olet rays 6f the sun. The addition of approximately 0.1% (by
-weight) is enough to protect most plastlcs from decay due to
' sunlight. A variety of fillers is added during the process-
ing of plastics to give the plastlc various pﬂy51cal proper-
ties, .one of which is to increase the plastic's resistance to
“heat. Acéeieratore or in@ibitors are added to control the
rate of cure of p;éstics. In addition, pigment or dyes can
- be.added to polymefs to give the finished product a desirable

color. . :

\ Pias\}cs have se&eral desirable characteristics, includ-
+ ing the following: - S
.  Chemical resistance — Some plestlcs are reg;stant to
+  strong ac1ds, alkalls, and 'solvents.

. Corrosionuand weather re51stance -:Plastlcs do not

lyland, therefo?e, maintain thel; use-

- A

oxidize rea

- S . fulness iml'a variety of environments that are detri--
© 'mental to Netals.’ T ‘
) T Golor —'Pléstice can be:ﬁroduced”in many colors.— The
o ) colpr'is a permeﬁent part of the plastic, not just’%
surface coating. . + o - .
¢ . . . . ’
\ T - . ' .
- . % . . 7
Ao, L . . -
« L , ‘ . CH-107PRe 7




* Shape — Plastics can be economically formed into

3 ' many shapes through molding, machining, or extrusion.
* Insulation — Plastics are good insulators for heat

- ' and electricity. ! ,
* Lightness — Plastics weigh about one-half the weight .
of aluminum and onessixth the weight of steel.

* Strength, hardness’, flexibility — Plastics offer a
number of mecHanical advantages over other materials,

espec1a11y in regard to thelr strength-to-weight ratio.

Plastics can be-divided into two grdups on the basis of ho

they react when exposed to heat: thermoplastics and thermo-

setting plastics. Thermoplastics will soften -and flow when
heated; when 'cooled, they harden. However, this process is

number of times without change. In contrast, thermosetting
/blastlcs do not soften when heated., They form a set of
', 1nte;16ck1ng bonds between the polymer chains. Under exten-
° \T‘5122/Héat1ng, thermosett}ng_plastlcs will char and degrade
her

o

than soften.’

: 'PROCESSING OF PLASTICS
Many different processes are used in changing plastic .

granules,'powders, and liquids into fipaliproﬁﬁcts Tﬁemmo~

plastic materials are suitable for certain: processes, where-

as, in most_cases, thermosqttlng materials will require o;her

methods‘of forming. fhermopla;tias are usually meitéd and

-reshaped before they are cooled into the final shape. Ther-

: ) 4 mosets are usually polymerlzed by heat, pressure, or a

L . f : r

E]

- N -

S 3
-
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reversible, and the material can be melted and solidified a %
I
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catalyst during the précessing step. Several of the more
common processing techniques will be considered in the fol-

~

, lowing paragraphs. .

“_\\J In injection molding of thermoplastlcs, ‘the material in
pe%let,or powder form is heated until it ‘reaches a' molten
‘staté. -, Then, under hydraulic pressure, fﬁe material i
pushted through a nozzle to fill a mold, cavity.. The material
‘is then-cooled in the mold where it takes its finai shape.v
- Blow molding is used to mold hollow thermoplastic parts,-
such as plastic milk bottlés. Air, under pressure, is fed
ynto the cefiter of the mold, inflating the material and forc-
ing it against the mold cév1ty walls. In principle, the pro-
cess is simdlar to glassblow1ng : -

In -extrusion, the molten plastic is forced through a die
that is shaped to the desired form. This method is used to
make rods, film; tubeé, and pipes. . The final form is cooled
by air or water and is then cut to length.

Calendering is a process used -to produce sheets or
films. The heated plastic passés through a series of heated
rollers to obtain a. uniform thickness. The material then

passes between chllged rollers to take its fifal set. '
- €ast1ng is primarily used for thermoset materlalsah Vo
pressure is used in this process. As a liquid, the materlal
is poured into a_mold eav&gy After the mold is filled, thé’
materlal is cured into its final hard form by using .Toom tem-
perature or by using heat. P .
Sheets of cloth, glass, or paper can: +be impregnated with

plastic re51n by the manufacturer and then laid on top of
-each other to form a desired thickness. These "laminates"

are then cured under pressure to form a strong material.

Circuit boards for electrlcal devices are constructed in a

51m11ar manne{, as weLy as manffother products such as table

: ' o | | CH-lO)l;;age 9
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tops, wallboards, and rods. Glass fibegs are effective in
strengthening polyesters or_epoxjes to form fiberglass.

' Boats are an example of the structural uses of fiberglass.
, "\

.
' - . . -~
t

’
;

PROPERTIES OF MAJOR PLASTICS /__

»

The following-paragraphs)contain deécriptions of several
physical and chemical properties of major plastics.

A/major family of polymers is known as the polyolefins.
An olefin is a compouﬂa in the ethylene fami}y; that is, it
contains unble bonds. Polyethylene is the major member of
‘this family. Polyethylene is made in two -ranges of density:
low density and high density. Low density polyethylené has
a relatively short-chain molecular structure; whereas %igﬁﬁ
density -polyethylene has a much longer chain structure. Low
density polyethylene is used where flekibility is a primary
consideration, whereas high density polyethylene is used in
applications requiring more strengxhz such as bleach bettles.
Polyethylene is used for:containers; toys, freezer bags,
houseware items, detergent_bottles, and wire and cable insu-

lation. < . ‘

' Another member of the polyolefin family, pol propylene{
is made from propylene gas, which is obtained'fro§\$he\£§tro-
leum industry. The §irthure of polypropylene [is given by.
the following: _ . ro

o . - m .
H H H H' H H “
N R R RN S : '
—(l?—-(lf—(ll' —(f—(f - (‘3— Polypropylene
. 1 CH: CH; CH; CHs CH; CH, . ’
N L=
LA C .
Page 10/CH-10 \~ ' Doe !
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Although polypropylene is more costly thar polyethylene, it’

has better r1g1d1tyf tempetTature stablllty,'crack resistance,

and tensile strength. Pol;:%opylene is used in pump hous- -

ings, eiectronic parts, induStrial packaging, luggage, ahd

housewares. In adlition, it is widely used in the constrd@;
" tion of hospital equipment because of it resisﬁaﬁce to chem-

icals, its transparency, and its ability to be sterlllzed

Vinyl resins cover a broad family of plastlcs, which

range from hard, rigid materials to soft, flexible products
Thev all have the vinyl radical in the1r structure:

H

I , .
==? . Vinyl radical ’

v . 55

.

r—O—x

. °

Various side groups can“be added to give polymers of varying
ptoperties. The most common V1ny1 resin 1is polyv1hy1 chlo-
ride (PVC). 1Its structure is shown below:

s
»

- -

®

Polyvinyl dﬁloride“,

|
m—O—T
|
O —Q—
|
R
|
O — O — T,
I
T—O—
O—O—
|
R S
I
Q—)—
t

1 n e
As shoWn; chldrine (Cl3‘ds the atom that is attached to’
the vinyl radical. Vinyl chloride is polymerized by the’.
breaking of the double bond and_the: recombination of the
molecules to form a long chain. The vinyls have good. '
strength, excellent water and chemical, resistance, apd'many -
color possibilities. - ' 1 '

\ - 4 -




A unlque*characterlstlc of PVC is its self extinguish- ‘
ing property. Flexible PVC is used for tublng, ‘'wire coat-

ing gaskets, an§>%heet1ng R1g1d PVC is used for pipe, .
sldlng, chemical ‘storage tanks, and gutters. Sheet PVC is
used for shower curtains, ra?ncoats, and automobile seat

covers. Another

mber of the v1ny1 family of es1ns, poly-
vinyl acetate, used pr1mar11y as an adheslve for-wood,

paper, cloth, #nd leather. Polyv1ny11dene chloride is 5im-

-

ilar to polyyinyt cniorrde—’extept that '"_H“s*twc—thTUrIHE“—_‘_‘
atoms on the carbon atom*1nstead of o%e, as- 1n PVC*““‘" D—

~
S

T TP TT
-? ? ? ? a? *‘? ? ? Polyvinylidene chloride
H Cl H ClIL H Cl H [c1 S '

. \ ) - -

*

With characteristics .such as being odorless, tasteless,
tough, and having low water transmissionm, polyv1ny11dene is-
extensively used as'a food wrapping matenlal It has the .’
trade name of Saran. Since it is res1staht to m01sture and
weathering and_is suff1c1ent in strength, polyv1ny11dene,
chloride’is frequently used as webblng mater1a1 for gutdoor - - .

furnlture. , y .
Styrene resins are usually consldered as a separate

family of resins because they are qu1te dlfferent f£rom the
vinyl resins. However,.as c¢an be seen from their structure,

.they are actually vinyl.resins, with a benzene ring being

the group attached to the vinyl radical: = - :

L)

/ ! o ,
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Polystyrene

|
I e——0)
|

B
I

Polystyrene products are found\almost everywhere because of
the low cost and ease of processlng the plastic. Dolystyrene . -

1s used for many disposable products, such as plcnlc utensils

and food containers. Other uses 1nclude the following:
picnic coolers; model alrpl%geQand car kits} hﬁusewares;“
Yppliance housings (such as for rédios; television mixers,

* and refrlgerators), and interior automobile parts. Perhaps
the most commonly knowri application is. the whrte plast1c
coffee cup.

Three monomers —.acrylonitrile, butadlene, and styrene —
can beLcomblned to produce the plastic ABS ; ABS is hard -

and tough, a combination that is uncommon Ln thermoplastlcs.

ABS polymeps are used in housings of various types where . e T

rigidity, stréngth, ‘;hdrahglossyrsur£ace‘4re important. . ABS- - .

plastics can be electroplated to give the! f;hlshed~pr53ﬁ6t““-~—-l\\§-\_

a metalllc_appearance Electroplated ABS is used-in auto-

-motive pﬁppliance hardware, and\houseware appllcatlons. :;_ o
ABS is also uséd in golf club heads, 1llustrat1ng the i >
strength of this styrene polymer.. Styrene- butadlene poly- o

< <.’ mer, & related polymer, 1s ‘the prlmary synthetlc rubber 1nt
5;“'-\ ‘ \' use toda.y Lo s ' .
° - 2 “Most of,2h€~members of the polyester family are ther- T
:; - fi f mosetting plastlcs.. However, poﬂycarbon e resIns are ther- - . !

:.moplastlcs. This polyester contains the ester group with

Fom; N 4 w7 - .
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. benzene rings attached Polycarbonate resins are in a group
of plastics called engineerifg plaﬁtlcs, a term used to indi-
v cate that the plast?b:an outstand1ng mechanicaly, electr1cal‘
and chemical characteristics, The dimensional stability of! o

‘polycarbonates allows them to be used in preclsi -engineered
components'where close tolerances are requir “ Applications“
of polycarbonates include sunglass lenses; shoge heels, coffee
pots, football helmets, pump impellers, cooling fans, ‘and,’

; STructural” Housmgs—fo-r——owe‘rtocrls——— ~ e T
There are fivé main cellulosic polymers celluloJevacéJ"‘

ate, cellulose'nitrate, cellulose Qroplonate céllulose ace-
ate butyrate, and'ethyl cellulose These celluloserplastkcs
are . made from cellulose, wh1ch is obta1ned from wood pulp. or
cotton linters. The natural cellulose is chem1cally modified - ;, '
to produce the plastics. Cellulose nitrate was the fltst .
commercially oroduced plastic — in the year 1868. It was
widely used in producing film for the movie industry. »Unfor-
tunately, the flammability of cellulose nitrate was<the
cause of- many'fires in movie theaters:; CelIulose's limited ,
applications 1nclude the follOW1ng 1ndustr1al products, )
shoe heels, and housewares. Naturally, 1ts use 1is curtalled .
because of 1t?ﬂh1gh flammablllty Cellulose acetate has good
mechanical and electrlcal (1nsulat1ng) propertles. It 1s
‘usea\fn‘ﬁaking~to~ safety goggles, tool handles, combs
I cutlery "handles, knobs, and hous1ngs‘for~smallmelegtr1cal . .
. appl1ances. Because of its ease/of process1ng, its hardnesS“““~—<
and its stlffness” cellulose proplonate is used ‘in toothbrush
handles, pen and pencil barrels, steering wheels, screwdrlver~°
handles, eyeglass frames, and te1ephone houslngs. thyl cel- ]
} L1ulose is ,used: in flashllght cases, furniture, luggage, .and +

! 9

.ﬁub1ﬁg Applfﬁatlons of cellulose acetate butyra e ipncl de
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safety glasses, outdoornad;ertising signs, and structural ~ -’
panels in bu11d1ngs.

Acrxglcs are methyl.methaerylate polymers The outstand-
1ng propertles of acryllc plast1cs are exceptlonal clarlty

. and light transmission, colorab111ty, and weather re51stance.

Acrylics are sold under the trade names of Lucite and ‘Plexi~ -
glas. Agryllc sheets are used as wrndows, 1nstrument panels,

111um1nated signs, 11ght1ng fixtures, and so forth — wherever

» o

..

. ! siall 1ndmstr1al parts are madErof nyl\n than of any‘§ther

e

a glass-like material is needed. In the form of f1bers, the

acrylics are, used 1&5carpets : . ‘ - R
“ ‘ “The two main classes of polyamides - that is, compounds éﬁ@w
that cngaﬁn NH or NH, groups - 1nciude the following: ~ . .

‘nylon’s and versamlds. Versamlds ‘are pr1mar11y Used, as’ “"'hot

melt" adhe31ves in" appdications such as bonding shoe soles_
~=to the upper shoe." These adqegjﬁ

and flexible, making them ideal for footware app11catlons.
‘A number of nylons are produced — the most common being

ives are moisture resistant

\ -

Nylon 6,6: - . . e

" g . _ . s - l:"" i
’ - H 0 "o, "
] - Pl LN NNylon 6,6
—V—(CHz)s “~N= C‘—'(Cﬂz)u—c" T ’ i

N - N - v
N - N D

e

Chhracterls%lcs that make nylons valuable 1nc1ude hngh heat;
chemlcal resistance, outstahdlng toughness, and’ iiexural .
nstrength. Nylon 1s used in gears;‘windshield wipers, fabrlc§
h1nge$‘“combs,*£;§h£ngxd1nes, bearlngs; and rollers. More S

-

\r—«
plastlc. Lonngearlng gears made dﬁ nngn are qu1et‘runn1ng*\
~ and never regulre;iubrlcatlon._
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Polybhenflepe oxide (PPO), developed by General Elec-
tric, iiézyfairly new plastic. It is-incrgasingly being

used as engineering plastic becduse of its excellent elec-

* trical properties. Polyphenylene oxide is used in battery

cases, electrical hdusidgs, switches, capacitor§, and printed

-Jf: circuits. Because it can withstand'prolonged exposure to hot
water, it is also used for plumbing parts and food processing .
“eguipment that must be sterilized. T

-

‘Acetal resins are made by the polymerization of formal-

dehyde to form a structure with alternating carbon and oxygen
bonds: -

~

70'— —0- ~ Acetal resin

w

¥,

¢ Acet?d]l resins are rigid thermopléstics that can be used to

_make parts that are substitutes for metal articles. The
{ ‘resins have excellent abrasion resistance, and; many times,
they outlast comparable metal parts. Acetal plaftics can
be eléctroplatgd to form metal-like products. Acetal is
used*’'in carburetor ﬁatté- bushings, gears,, and fan blades.
_Fan blades, such as those used for coollng movie prOJectors,
are almost exc1u51ve1y made from acetal resins.

Polyurethanes (also called 1socyanates) are used as

foams, coatings, and rubber substltuteé. The major use of
polyurethanes is in the productlon f flexible and rigid
foams. The two components of polyurethane foam are mixed

just priét to foam formation in molds, or they are foamed-

o 1n n-place (usually—for—insulation appllcatlons) The foam
is used for flotation in cavity f1111ng of boats, pontoons,

Page 16/CH-10




¥

and life jackets. Urethanes are gaining popularity in energy- °
efficient home and building construction as a barrier to out-

-

side air along baseplates, windows, and #flectrical entrances
to the structure. ) . ’ .

A
.

Tetrafluordethylene resins. (TFE) are extremely tempera-

ad
turewstable. As shown in the structure below, the carbon .

chain is completely protected by fluorine atoms, thus account-
ing for the temperature stability of these compounds:

F F F°"F F F F 4

I O T T T J
‘ ~C-—ﬁ-—?-*c-“?-?-? - Tetrafluoroethylene .

| | . ' ‘

F F F F F F F o ~ A

The trade name for these fluorocarbon palymers is Ieflon.
Teflon is the most chemically inert of all plastics, resist-
ing attack by chemicals even at elevated temperatures. Tef-
lon's coeff1c1ent of friction is the lowest for any known
solld materlal therefore, Teflon is used as a SOlld lubri-
Gant in bearings and bushings of industrial machlneTy " One
common application of "these plastlcs is. in the 'manufacture
of non-stick cookware. Teflon can"be used in the range of
-450°F to 550°F. Because of its excellent insulating prop-
erties, Teflon is used to coat electrical wires.: " -
_The most common thermosetting plastics.in use are the

phenol formaldehyde resins called phenolics. Characteris-

tics of phenolics that make them so valuable include the . .

following: relatively low cost, excellent insulating prop- -
erties, inertness to most solvents, heat resistance to
500°F, and dlmen51onal stability. Large quantities of phe-

2

nolic adhesive are used in bonding plywood. To impart

- . CH-10/Page 17
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special characteristics, fillers are often used in phenolics.

Fillers that are commonly used'include graphite, asbestos,
Jwood flour, and glass fiber.
4 Polyester 'resins are combined w1th glass mat or chopped

glass fibers to form the product known as fiberglass. These.
resins are used to produce boat hulls, automobile body com-
~po‘nen"ts, aircraft -body components, hammer handles,'automotive
gears, and distributor caps. Polyesters have good weathering
characteristics and are strong and tough.

Melamine formaldehyde plastics are thermosetting com-

pounds’ that are hard, scratch-resistant, and almost unbreak-
able. Because melamine retains bright colors and resists
oils,.fats and detergemts it is used to make dlnnerware
coffee makers kltchen counters, and tabletops

Inasmuch as epoxy 'resins are versatile, they are used

for coatings, adhesives, 1am1nates{ moldrng parts, and en-
capsulation- by potting. The structure of the epoxy polymer

L

is shown as follows: ‘
. )
N .

x>

CHs ‘
—{(:::>}- —{(:::>—0 CH2—~CH CH: Epoxy resin

H

o -
s .

. -
Epoxy adhesives are strong and can be used to bond metals,

glass, ceramics and dissimilar materials, although.the bonds
tend to be somewhat brlttle. Epoxies are used in sealers,

aircraft skins, boat bod1es printed'circuit boards, insula-

" tors, and laminated sheet materials.
" The silicone mateyials are produced as resins, fluids,

and elastomers. The chemical structure of silicones- is as-
" follows:




CHs - CHs  CHs  CHs;

—S|i—'-0——éi—0—éi—0—sii— o— . Silicone~

(|3H3 'c‘:Ha (!:l-lg éua n ’ \
- @ »

As can be seen from the strudture, the backbone of siliCOnes
is a silicon-oxygen-silicon repeating structure. Silicon
diokide (Si0:) is sand, an inert, temperature-stable sub-
stance. Therefore, silicones are shown to exhibit a remark-
able temperature stability. By replacing the methyl groups
with other radicals and by altering” the chain length, a vari-
ety "of materials can "be made, ranging from low viscosdty '
fluids to semirigid s@lids. The solid molding compounds are
used for transfer and compression molding, whereas the semi-
liquids, are used for coatings and sealants. Silicone rubber
is used where teémperature stability is required. It'can
~stretch up to 800% and has excellent ten51le strength — al-
though ‘its strength is not comparable "to carbon based-.rubber.
Silicones, which can be.used at a temperature range of -150°F
to 600°F, are resistant to radiation‘ water, chemicals, oils,
and oxidation. In addition, 5111cones are‘odorless taste-
less, and nontoxic. RTV (}oom temperapyre vulcanlzlng) sili-
cones are available in '"squeeze" tubes for use ‘in sealing and
adhesive bonding. Slllcone 11qu1d is used as a mold release,
or a parting compound zo allow flnlshed parts to be readily

3d from molds. o

-
o

.
.
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' ANALYSIS AND TESTING OFZPLASTIC§‘
L
Testing .and analysis of plastics can b& a complex
operation that requires sophisticated/equipment. Positive
identification is often accomplished by using infrared ,
'spectroscopy. However, rather simple tests are often suf-
ficient to identify plastics —. the most common being the
burning test, or flame test. The first.step in the identi-
fication of a plastic is to determine 1f the plastic is a
' thermoplastic or a thermoset. A small piece of the plastic
is placed in a test tubé and 1s heated. .If the plastic
melts, it is a thermoplastic; if the plastic chars and de-
- _composes, it is a thermoset. Next, a strip of the plastic
is burned. The flammability, color of the flame, presence
or absence of smoke, ahd odor are observed.” Very often the
plastic can be identified by. comparing the observed propex-
) J ties with those listed in a plastics flame -test chart.‘ It
is also helpful to have a series of known plastics to com-
~pare to the unknown substances, ~ 3 .
Plastics and arxiEles made frofm these plastics are
often subjected to a number of tests. Standard tests for \
plastics have been developed by groups such as the American’
.. Society fa¥“Testing Materials (ASTM) . . The properties tested
"~ include physical, electrical, thermal, chemical,tand optical.
Physical oriﬁechanical tests include tensile strength,
elongation, compressive strength, flexural strength, and -
. cold flow. Most of these tésts can be made under ambient
condltlons or under condltlons of high m01sture, low tem-°
‘ Rerature,*or high- tqmperature. The conditions to which the
finished article will be exposed should be’ 51mu}ated to the .

. greatest extent possible. . ' i ~ .

~

.8

s \ «
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Tensile stréngth can be defined as "the resistance of
" a material to being pulled apart "' The test is performed by
clamping a standard test spec1men — usually 0.125 inch xt.s

inch x 8 inch —,at both ends in the jaws of a tensile tester.

The sample is "pulled until it breaks, and the maximum load
that it carried is observed on a di®l 'or recorder. The psi
(pounds per square inch) rating of the plastic is determined
by dividing the maxiﬁum load by the cross-sectional area of
the test specimen. The method for tensile testing of plas-
tics is illustrated in Figure 1. Elongation is determined
at the same time that tensile strength is obtained. Elonga-
tion is \he distance that the specimen has stretched at the

M A

break point.

. TEST MACHINE
< FIXED HEAD

. \ ' ’
SPECIMEN
. RIS . TEST MACHINE
. "—""| | - / MOVABLE HEAD
. R _ Y ¥ ¥ LOAD APPLIED )
»\ 5’ . .
" Figure 1 Tensile Test Method. .
- : .

Compre551ve strength Is the opposite of tensile strength.
It is defined "as "z measure of the ability of a material to

with8§tand belng'crushed under a load." The ASTM test speci-

.

men-for compressive strength 1s 0.5 inch ,x 0.5 inch x 1 inch.

) 5 o . '
‘oL 198 . . CH-¥0/Page 21
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., ~ Flexural strength is defined as-"a measur€ of the abil-
ity of a.material to bend or flex." The ASTH test method
calls for a 0,5 inch X 0.5 inch x .5 inch test specimen to be

" supported on two.knife edges which are four inches apart. A
third knife edge is placed centrally on the opp051te side,
and-pressure is applied. -Then, the flexural strength is mea-
sured at the break point. 'The method for determining the

~ flexural étrquth of plastics _is shown in Figure 2.

r ' - . i . *

“«
LOAD' APPLIED .
v 1
S .

SPECIMEN ' , .

e e |
s, R ORRNRS R 42 N .
* . _—~FIXED HEAD ) ‘ ;
. /OF TEST MAGHINE

Figure 2. Flexural Test Method. -~

One maJor dlsadvantage of many plastlcs i% thelr cdld
!ﬁpw t}7erefore3 the measurement of cold flow is a comm
test. Cold flow is the d;fferpnce between the original
dimensions and fiﬁal diméngions after a specimen has been
loaded for a period of time~and then removed. Cold flow
is impoftanq when plggtic parts are mechanically fastened
(for example, with boits and sCTews).

.
Y

Page 22/CH-10




-

Dielectric strength is one of several common electrioal
tests. It is a measure of the insulating capabilitf of the .
plastic. . Dielectric strength can be defined_as ""the voltage
atjwhich electrical break-down occurs." ‘

) An important property of plastics is their glass tran-
sition temperature. At low temperatures,’ polymers ex1st in
the glassy state; that .is, polymers have the propert1es of
glass — they are hard and brittle. As the temperature of the -
plastic 1is raised, its properties undergo-a change known as
the "glass-transition.; Above the §lass-transition tempera-,
ture, the polymer becomes. rubbery, soft. elastic, and more
frexible. This temperature 1is not sharp, 1iKe the meltlng
point of crystal; rather, the transition occurs over a range
of temperatures. . ) .

. There are three chemical tests normally performed on
plastics: ac1d alkali, and soT_~nt. Both concentrated and
dilute solutlons are used ‘in the tests. The p1ast1c is ex-
posed to those substanc§§ that could be encountéred by ‘the
finished product. The plastic is then checked Visually for
decomposition, crgilng, or d1scolorat10n. Often the test
specimen- for tensile, flexural, and conpresslon tests are ~
. subjected to chemical expogure prior to\zestlng to determlne
the effect of the exposure upon mechanical strength.




ADHESIVES
There are many methods of joining materials, including
nailing, screwing, riveting, boltingn"soldering, brazing, .
welding, and ashesive Bonding. Bonding of materials with
plastic adhesives has several advantages over mechanical

methéds. The following are examples:.

.
1

1. Certa1n materials could not effectlvely be joined by
any other means. Examples include the glulng of ce-
ramic materials and the fastenlng of paper labels to
cans or bottles” '

There is a more uniform transfer of stress from ohe
material to another w1th the use of adhesives. For

' examéie? locallzed stress is minimized by u51ng ad-

hesives to join aircraft components. ) Problems asso-

ciated with stress concentration and fatigue crack-

ing are common when components are joined by rivet-

ing.

3. Corrosion of joints between dissimilar metals 1is
reduced by using adhesives since the adhesive joint
_does not transfer electrons. '

Adhe51ves not only bond materials. tdéether but dso
prov1de an efﬁ@ctive seal to keep water out of com-
ponents.. S A ' ' .
"Adhes&ve bonding .is re1at1ve1y 51mp1e, fast, and

o

Often,,considerable weight reductions are achieved

economical.

by using adhesives to join materials..




t

-~ 4

Dlsadvantages of adhe51ves ;n lude the following: «

v . f“i" .

1. ° The mater1als'for Janlng\must be ckeaned and pre- |

[N

pared for bonding. . .

I3
¢

2., Heatlng is sometimes requlred to form the bond.

3. . There is no-universal adhesive;. that is, each appli- !

] cation.must be con51dered 1ndependent1y
4. + Strengths are often directional. =~
5. Full strength is not developed 1mmed1ate1y - -

Adhe51ves are widely used in the automoblle, a1rcraft,“
e1ectr1ca1, aerospace, and building industries. The_ adhe-
sives .«can be élassified ae to use, chemical composition,
method of app11cat10n, and hardening or setting method. f .
There are #hree categories based upon chemical composition:
thermosettlng, thermoplastlc and elastomeric. .

Thermosettlng adhesives’are converted by chemmtal reac-
tion into a permanently hard, rigid bond ‘Epoxies, phenolics,
‘polyesters, and acrylics are all thermosettlng adhesives that

find widespread use. .The more common thermoplastic resins’
include polystyrenes, polyamides, cellhlosics, ,and polyvinyls.
Elastomerlc resins are.used pr1mar11y to modlfy thermosetting
adhesives to make them more flexible. Neoprenes, witriles,
polysulfldes, and butyls are the elastomerrc,re51ns commonly

- -

~ .

used. . . .
yany adhesives are dlssolved in a solvent — either, water
or an organic solvent. The adhe51ve bond forms when the sol-
.vent evaporates from the bo ded joint. The thermosettlng
adhe51ves are normally two- part formulations.- When the parts

are mlxed the chemical reaction begins and the*bond starts’

such as the hot-melt adhesives, must’be heateéd or melted.. .
When they cool, the bond is formed to join materialsi

o ' CH-10/Page 25

_to form between the material$ being 301ned. Other adhesivesy’
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Séme;of:the common adhesiveS(aré listed in Table 1

~ well as the type

s of materials”that are joined by thé adhe- °

-
)

4

sives.
- TABLE 1. ADHESIVES AND MATERIALS JTHEY JOIN. .
. . { , - - .
oo Chemical Type _ 6
* Group .{or source) . "Materials Joined

Animalkglueé

Animal bones o} hides

Paper, wood, faB-

a e

\

Urea, formaldghydes‘

' rics .

o ./ L r v s . ‘-’ -
Vegetable glues | ., Starch . ' Paper and fabrics
Natural resins Asphalts - Floor tiles to

) , - concrete >
' Gum arabic . Paper, fabrics
Inorganic Cement Britks, rocks
cements (Rgrtland) _ . . ?:
Tgermosetting Epoxies ?' Metals; glass,
resins \ , _ . many plastics
‘ > Silicones " | Silicone, rubbers;| -

metals (sealer)

»

"Plywbods

N\ , Pélyurethaneé Paper, fabrics
'Therﬁpplgstic Polyamides Paper, leather
resins R - (hot-melt)

i Acrylies PR Glass, acrylies
) Cellulose . €lass, wood,
- ‘ N - paper
¢ Vinyls , :LWbod

»
< g
r
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‘ : - LUBRICATION

T;e practice of lubrlcatlon began shortly after the
invention of the wheel and axle. When two bodies move or
rub relative to one.another there is a force that tends to..
intérfere with the motion. This force is called friction,
and substances that ar& used to reduce friction are called
lubricants. Lubricatiom is important since frlctlon\wagtes
energy and tends to destroy the nubblng surfages.

Speed load, and temperature “dre important- consider-
ations in lubrication pract1ce ‘High speed.increases the
lubrlcatlon difficulties. Modern a1rcraft and power plant '
turblnes operate at fast speeds, and some gr1nd1ng and tex--
tile spindles aperate at speeds up to 100,000 revolutions
per minute. The load on a bearing surface ‘is distributed
over the area of the interface. These load$ are expressed
in .pounds per square inch (psi). Loads in aerospace appli--
cations are as high as 50,000 psi. AS speed and-load in-
crease, the operatlng temperature increases. ngh tempera-
tures cause a decrease in viscosity and make it dlfflCult to,

. ‘maintaln a film of -1dbricent. : i

+ © 'Design engineers use three basic types of frictional
compbnents to support mechanical motion: bearings, gears;

"and cylinders. The lubrication of these cofiponents is"impor-

tant since they are used in transportation systems, manufac-
turing plants, mines, poﬁer generating plants, and processing

¢ . +

plants.
' in'addition to speed, load, and temperature, other envi-

ronmental conditions are often important and, therefore, must

be considered in lubrlcatlon practice. "For example, in nu-

clear power plants, rad1at10n destroys many hydrocarbon and ~
~ ) ¢ o
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synthetic lubricants,| and, in sp%e vehicles, the problem
" of vacuum and temperature extremes ¥s encountered.
- - Lubricants may be gaseo?s, liquid, plastic, or solid.
Table 2 is a classifiFatioﬁ of lubricants by state.
e | . N
. {.l‘ \r
\ Lo .

" TABLE 2. LUBRICANTS .

State Lubricant
Gaseous . Air, helium, carbon dioxide
¢ e i
) Liquid ' 4

Mineral oils . Straight oils compoéunded with

4

Fixed oils

s

additives

Tallow, lard, castor oil, palm
oil -

Silicones, polyglycols, esters

Synihetic fluids

[

-Plastic Petroleum greases, silicon
greases .
. Solid . Graphite, metal‘films,‘polymer
- , , , films, molybdenum disulfide,
' other sulfides, wax, borax,
. ) mica, talc, fluoride plastic
g ' ~ T ,
; g ’ . <
\
A Vafiétyiqf additives are used iﬂ pefro}eum lubricants.
_,) " Inhibitors are added to prévent rust and corrosion. Other

»

. additives depreéé,the pour point, retard deterioration of the
lubricant, clean the metal surface (detergents), keep solid.

, _— ' Ce ]
: .
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wear pa}tiéles’dispgrsed ané §uspended in0il, and prevent
foaming of the oil. Polymethacrylate esters-and other acry-
lates dre ad&eq to oil to improve their viscosity index.
They make the viscosity of oils less temperature‘fésponsive.
At high' 1oad1ng, petroleum 0oils and gfeases are squeezed
out of the bearlng surface, leaving the metal surfaces-in
direct contact. To prevent ‘wear and galling in such cases,
‘a solid lubricant is used. Silver or.silver alloys may be’
electroplated on steel; thy.a;zTE? high. load-carrying lubri-
cadt. Teflon resin, in combin n with a glass fiber matrix,
. has a~ low coefficient of friction, an almost complete chemi -

cal inertness, and is usable over a wide temperature range -—
from minus 450°F to plus 500°K.
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LABORATORY MATERIALS * = .

Laboratory 1 ‘ “ .

Castor oil

.Glycerol

Stannous octdate

Silicone o0il (Dow-Corning 202)

4-methyl-m-phenylene diisocyanate (tolylene-2,4-diisogya-
nate) - i ' ' )

Paper cups or milk carton . ¢ '

Sebacoyl chloride (5% in carbon tetrachloride)

_Hexamethylene diamine (5% in wafér)

Dropper ‘.

Glass rod . ‘ ‘ R ‘

Small vial (such as a litmus paper vial) '

Ring stdnd ‘

Clamp '

Beaker, 600 ml , -

Test tube )

/ | |

Laboratory 2

¢ > N ©
. - .

Y

e
~Glygerol

Phthalic anhydride, powder . . .
Beaker, 50 ml - ) A
Glass stirring fod '
Watch glass

‘

Electric hot plate ' e

-

Mortar - ‘
40% formaldehyde solution {Formalin)

Test tube ' .,

Saturated aqueous solution of anifghe hydrochloride

»

. .
. . [
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oy

100 ml distilling flask
,V’Condenser’f
- "Heating mantle ' -
Thermometer
Expendable glass jar X
Benzoyl peroxide
Aluminum foil
Hot water bath

Laboratoéy 3

‘Beaker,_150 ml :
Beakeff 400 ml

.Erlenmeyer flask, 125 ml and 250 ml
Dropéer '

Separatory funnel

Ring and ring stand
~-Litmus paper ‘
Dimethyldichlorosilane

-+ Ether

NaHCOs , saturated solution .
" BoricSoxide ‘ 9
Na»SOy, dnhydrous

0il bath’ '

Hot plate

 ﬁuéite or Plexiglas pellets or chips

-
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LABORATORY PROCEDURES

LABORATORY 1. . POLYMERIZATION, PART I.

« Polymers are giant chemital'compounds formed by a-’

. ‘process, called "polymerization," in which small compounds,

called monomers, combine with each other.‘ The molecular
weights of polymers can be in excess of 10,000 amu._ In the
first part of this experiment, a polyugethane foam is pre-
pared from castor oil and glycerol. Although polyurethanes
are not commercially made/f;om these starting materials,
the experiment illustrates the methods used. Polyurethanes
can be prepared as a rigid molding material or as a flexi-
ble, rubbery-material. Most polyurethane goes into the
production of foamed plastics, which can be either rigid
or. flexible. These foalis are good sound and energy absorb-
ers, providing good cushioning properties. These materials

are used in refrigerator insulation, sponges, automobile
3

—
' -

and furniture cushioning, and mattresses.
) In the second part of thi’s experimehl,;Nyéon 6-10 will
be prepared from sebacoyl chloride and hexamethylenediamine
by a procedure called the Nylon Rope Trick. The experi:
ment is often ysed to illustrate polyﬁerization reactions.
Nylon was first introduced as a fiber to weave hosiery as
a replacement for silk. Because of its high strength and ’
ease of processing, nylon has_become one . 0f the leading
polymers of ‘the plastics 1ndustry A few of its' many appli-
cations include combs; drawe? slides andfgollers, fishing

lines, electric tool housings, bearings, and gears.
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Polyurethane

1. Weigh out 35—g of castor oil and 10 g of glycerol into
a wax-lined paper cup, using a tep-loading balance.
2. Mix.and add 0.5 ml (5 drops) of stannous octoate, 10 .
drops of silicone oil (Dow-Corning 202j, and 10 drops
of water. , .
3. - Using a glass stirriné rod, mix these ingredients thgr-
oughly until a creamy, viscous product is formed.
4. In a separate container, weigh out 30 g of 4-methyl m-
phenylene d;)socyanate (tolyl diisocyanate)’. CAUTION:
' ) 'AVOID CONTAGX WITH SKIN, EYES, OR CLOTHING SINCE ' THE -
’ MATERIAL CAN CAUSE SKIN TRRITATION.
5. Rapidly add all of the i-methyl-m-phenylene diisocyanate
- to the mixture in Step 3., Mix rapid}y and thoroughly to

‘ ) form a smooth, "homogeneous mixture. . M
QJB When the container becomes warm to the touch stop stir--
“ring and place ‘the contalner on a p1ece of newspaper in ‘\\\ ‘
v : a fume Hood, allowing the reactlon to proceed.
7. After the foaming has stopped, allow the polymér to cool

and "set" for\ several hours; then remove the fo from
the cup. The foanm should be of the compressxb&e ypé

9 - « \.\\ - 4 2
Nylon : : : R ‘ ~ T
¢ “CAUTION: AVOID BREATHING THE VAPOR FROM ANY OF THE REA- —
GENTS USED IN THIS EXPERIMEN?. DO NOT. ALLOW ANY OF THE REA- .
GENTS TO CONTACT THE SKIN; IF THEY DO, WASH OFF IMMEDIATELY. \
¢ . . ¢ ’ »
.2
- L4
- Vs _
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1. Pour 25 ml of the hexamethylenediamine solution into

a beaker. X 3

Into a clean 150 ml beaker, add 50 ml of sebacyl chlo-

ride solution.

3. Tip the 150 ml beak;r slightly and siowly add the aque-
ous hexamethylenediamine solution. Try to avoid m1x1ng

o
.

~ .  the two liquids by pourlng the aqueous hexamethylene
solutloq slowly so that this layer remains on top.

4.  Note the film that forms at the interface between the
™ two solutions. This is the nylon polymer. ~

5. Reach through the. upper layer and %rasp the nylon in- _

terface .with a hooked wire or forceps. Wrap the string a

around a test tube until approximately two feet have

been, removed. Do this by rotating the test tube. .

6. Wash the nylon thoroughly in a "bath of 50% acetone and
- 50% whter; then allow it ®o dry or dry, it between paper

.? towels.
7. Try melting some of the nylon after it is certaln that
~all of the acetone has been removed. . ) )
8. -Compare the strength of fibers drawn out of the melt, -
using a wood -splint with the original string.
. * N : ‘
. .. k3 - - . 14
v, 4:’ LABORATORY 2.. POLYMER;ZATION, PART II. K . ,
) fAlkyd Resins
The condensation prodhct of polyhydroxyl alcohols and
anhydrides is a type of polyester known as alkyd'resins. ,
These resins®are used in making modern enamels and paints.
b" .

. / S —} \ |
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Into a 50 ml beaker, place Z‘g of glyterol and 3 g of

‘powdered phthalic anhydride.

Mix with a glass stirring rod.

*Cover with a watch glass and heat gently over an elec-

tric hot plate. (An eleltric hot plate is preferable
to an open flame since the resin is flammable.)
Continue heating until large bubbles form and the mix~

ture puffs up.

Allow the resin to cool. b

" Grind the resin and try to find a suitable solveﬁt.

(Try benzene, chloroform, and 6 N HCl.)

If a suitable solvent is found, pour some of the solu-~
tion onto a piece of metal or wood. Does the resin have
any of the desirable characteristics of a protective

. ﬁa;nt?

Phenolies

-

* The phenol formaldehyde resins, commonly known as phe-*

nolics, are produced from the reactlon of phenol (carbolic
acid) with formaldehyde in the presence of*a catalyst. These
res;nsT called Bakelite pléstics, were some of the earliest

plastics produced. ' . R

1.

. t

Into a-fest tube, add 10 ml of 4O%Lformaf;ehyde solution
(called Formalin). ’ > N ‘

,Into another test-tube, add 10 ml of a saturated solu-
tion of aniline hydrochlgrlde in water. :
Simultaneously pour the two solutions into a 50 ml beak-

er.
Note whether the reaction gives off ‘heat or absorbs

heat.
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5. Phenollcs are hard rigid, heat-resistant materials ,
that are brlttle Examlne the product and compare N
its propertles With. those glven preV1ously

b .

i -

Acrylic Resins

-

The’acrylic'resins (methyl methacrylate polymers) have

_outstanding clarity, light transmission, weather resistance,

¢ .
and colorability. They are marketed in the United States

under the  trade names Lucite and Plexiglas. “The methyl

methacrylate polymer is made by adding benzoyl peroxide, as

. an initiator, to the monomer methyl Qgthacrylate. EXTREME

CAUTION MUST BE OBSERVED IV HANDL}NG BENZOYL PEROXIDE SINCE
IT IS VERY EXPLOSIVE AND MAY BE DETONATED IF "IMPROPERLY
STORED OR HANDLED. " To avoid the gr;ndlng effect such as

. that obtalned when . screw1ng on a bottle cap, benzoyl perox-

de is, shipped angd stdYed in 2 paper container.

1. Place 25-g of Lucite or" Plexiglas pellets on chips in

a 100 ml distilling flask with greund glass connectiops.

v 2. Attach a condenser and distill ,using a heating mantle.

.Page 36/CH-10 § .

© " CAUTION: AVOID INHALIVG THE VAPORS OF THE MONOMER
METHYL WETHACRYLATE N . ’

3. At about 300° C the polymer’ softens and,undergoes rapid

depolymerlzatlon, fbrmlng theﬁmonomer Continue the
. dlstlllatlon until most of the’SOlld has been converted
into liquid.

4. Redistill the 11qu1d and collect the dlstlllate between

100°C and 110°C. ) b

5. The yleld of monomer should be:about 20 g.

M . LS
. .
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6. To repolymerlzeqthe me&hyl methacrylate, place 10 ml of
the 11qu1d in a expendfble glass container (such as a
baby food jaty ‘and” add@.0.01 g to 0.02 g of benzoyl per-
oxide. CAUTION: REREAD THE "PRECAUTIONS FOR HANDLING

- BENZOYL PEROXIDE GIVEN AT THE BEGINNING OF THIS EXPERI-
_ MENT. BE CAREFUL To USE o1 g, NOT 0.1 g.

7. Cover the Jar w1th a p;ece of aluminum f011 that is .
held in place wqth,a rubbér band. . &

§. Place the jar imsa hot-water bath that is kept Just be—
low the boiling point of watér for approximately ong-
half hour. . , .

+ 9. Allow the p&lyﬁ%r to cool; theh observe its properties.

K
4
.

2 .
- - >~
»
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LABORATORY 3. PEEPARATfON OF.A POLYMERIC SILICONE.
-« -

. Silicone resins ﬁave many diverse appllcatlons, ranging .
from low v1sc051ty fluids to semirigid solids that resemble
rubber. Slllcone materials can be used over a wide tempera-
ture range — from -140°F to 600°F. I adgltlon ts heat, they

_are‘resistant to oxidation{ «hemicals, and water: ®Silicones
are used as protective coatlngs, in adhesive bondlng, and in
gaskets that are fuel and solvent re51stant ‘ Chemically,
silicones have alternating silicop and oxyg%n atoms in a

A 4stra1ght chain, with a vaflety of 51de chain groups. Vaxia--

tions in silicone propertf%s are obtalned by Varylng the’ §ide

x - ’ *
-~

chain groups. . . s ’ . .

In this experiment, a rubber 1ike silicone polymer,
commonly known as Silly Putty, will be made by the hydro-
lysis (reactlon w1th'water) of d1methy1d1chlor0511ane, ac-:

- .

cording to the follow1ng redction:

-
-~

P
.
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' Se— . ’
: LA
T nL(CH3),SICL, + fH,O [(CHs)2510]_ + 2n HCL ,
Dimethyldichlorosilane : 'Silicone Polymer
r The polymerization occurs at elevated temperature in the
‘pndsence of boric acid as a catalyst. .
! . : _CAUTIQN:1 THIS EXPERIMENT MUST BE CONDUCTED IN THE
T HOOD. THERE MUST BE NO FLAMES IN THE LABORATORX ETHER .
IS FLAMMAB E AND ITS VAPORS CAN' BE EXPLOSIVE J -

1. ' Add 40 mI ‘of ether to a 250 ml Erlenmeyer flask.
) 2. Add 20 ml of d1methy1d1ch10r0511ane to the ether, a?d
mix by sw1r11ng .o
C 3. Dropwise, slowly add 40 ml of water (If the water is
'. added too rapidly’, the reaction w111 get hot, and the

. v
.o reaction mixture will bubble out of the flask.)

1

—4, Transfer the mixture to a 125 ml separatory funnel and’
r separate the ether 'layer from the-'water layer keeping
the ether layer in the funnel.
5. .Cautiou$ly wash the ether layer with'a saturated sodis
um bicarbonate solution, being careful to allow the
carbon dioxide that is generated to escape without
allpwing the solution “to bubble out of.\the separatory , . _
funnel. Add 10-ml of the bicarbonate sdiution at a Sy
-~ time, swirling the funnel_ﬁntil the<car on dioxide is ~
no 1onger formed. -, — , -
6. ‘The purpose of" the sodium bicarbonate solutlon,ls to
neutralize ‘the hydrqchlorlc acid formed 1n the poly-
-~ merization. Test one drop of .the solytlon with litmus

. paper. Continue washlng with sodium bicarbonate until
) the aqhebus phase is no 1oﬁger acidic. . L
& ’ \6 >
Qo ‘ - o -
TV -
~ . " , .
. " ? R .

Y -
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7. Remove the ether layer dnd transfer it to a dry 125,ml -
" Erlenmeyer flask which c0nta1ns 1'g of anhydrous Na,S38,.
8. Allow the ether layer to dry for about‘lS minutes .(by

°

belng in contact with the anhydrous Na;S04) « _
9. Put‘the ethey into a 150 ml beaker and evaporate the

N , - ether by placing the 150 ml beaker in a 400 ml beaken
' ' "of hot water. CATUION DO NOT USE-A FLAME TO HEAT
' THE WATER. 7T . '
' 10. Whenh all of the ether has“evaporated, obtain the welgh%
- of the silicone oil. -
© 11.° Calculate the weight ofWS% of the silicone o0il and add

this amount of boric oxide to the silicone oil while
stirring continuously. Continue to stir for several
- ninutes after the addition of the boric oxide.- .
12. = Transfer the mlxture to a test tube and heat-in an.oil
: bath at 200°C fon three to four hours. )
13, Remove the test tube and cool it; then examinefthe on- {i
‘ tents.. This putty differs from the commercial product
~ since it lacks additives that énhance the‘yechanica}
{ strength. . '

13
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o S GLOSSARY

be — Sy :
. — s . . ¢

————

Adhesive:, A material used to join components.

Copolymer: Combination 6f two or more polymers.

Engineering plastics: Plastics that have outstandlng mechan-
‘ical, electrical, and chemical characteristics.

[ PR

Friction; A force that tends to interfere with the motion of.
two objects that are in contact with each other.

. .
°

Glass transjtion temperature: The temperature at which a
- plastic softens or melts. ‘

P

Lubricants: A substance used to reduce fr1ct10n .

Monomer: Staﬁsing material for making plasticsg

Plasticizer: A chemical added to plastlcs to help keep them
From getting hard and brittle,

Polzmer: A long-chain organic chemical — plastic.

~

Stabilizer: A chemical added to plastlcs to retard deterlo-
ration due to sunlight. . , ,

4
ai

*Therméplastic: Plastic that will- soften when heated.

Thermosettlng plastic: A plastic that hardens through chem-
ical reaction and will not soften under heat. ’

R

e
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INTRODUCTION

As was learned from ule, chemical reac-

tions involve the interacition g ons in atoms. These
shells

In general, chemical reactions involve the gain, loss; or

. . 3
electrons ar€ found in ene rrounding a nucleus.

s

: sharing of orbital electrons by atoms. Nuclear chemistry

E

(or nuckear physics); howevérJ deals with what happens to
the nucleus of atoms. In ordinary chemicdl reéctions, the
atoms taking part retain their identity; in nuiléar reactions,
new elements are often formed.

Nuclear reactions are accompanied~by energy changes

that are several orders of magnitude greater than those asso-
+ ciated with ordinary chemical reactions. For example, the
energy evolved when one gram (g) of radium undergoes radio- :
active decay is about 5004000 times as great as that given-- .
off when an equal amount of radium reacts with chlorine to . _
form radium chloride. Still larger amounts of energy are
given off in nucleag fission and nuclear fusion reactions —
a fact that insures their_importance .today. In fact, nuclear
energy has’ the potential of supplying much of the world's
energy needs, prov1&1n0 that assoc1ated problems can be solved.
Thls module is a study of radloactlve 1sotopes (which are
w1delx/pged in medicine, industry, and chemistry), as well

as fission and fusion processes. ' :

S

! PREREQUISITES .

The‘§%udent should have completed Modules CH-01 through
CH-05 of Chemistry for Energy Technology I and Modules CH-06
through CH-10 of Chemistry for Energy Technology iI.

N
, .

- .

L \ CH-11/Page 1
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OBJECTIVES N

<

. . ° \ - - .
/apon completion of this module, the student should be

¥

able to: . . '
1. Define the following terms: e
a. Critical mass. ' ) ' . .
b. Chain reaction.
C.- Breeder reactor. ) 5
d. %}pha particles.§‘ ‘ ok
e. Bgta particles. : 3
£ Electron capture. , ‘ ' ‘
g. Positron. ) . (/
h. Half-life. - ”
i. Fission.
j Fusion.
k. Gamma rays.

Complete and balance nuclear reactions.

e ~
3. Use -the half:life of a substance to predict the amount
!
of radioisotope™ ent-after a period of time.

4. Use Einstein's\ﬁggzi;%ergy relationship to calculate
the energy change, or mass change, of a nuclear reac-
tion. '

5. Describe the design of a nuclear power plant and explain
the role of control rods, cooling fluid, and fuel ele-

) ments. " )

6. Describe fusion and fission nuclear prodésses.

-
. M ” ' ‘
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C SUBJECT MATTER

: ~ 'NUGLEAR CHEMISTRY

Ordihary chemical reactionsggnvolve dnly the electrons
i in the outer shells of atoms. Niclear chemistry deals with

. certain unstable atoms that can emit various particles and

rays and, in the process, be transformed from oﬁe'element
into a different’élement. The property of emitting particles
’EHE\PaYS from the pucleus of an atom is called radioactivity.
Nuclear yeactions in which the action is spontaneous, kﬂown
’ as "natural‘ radioactivity, cannot be speeded up or slowed
down by any physical or ¢hemical means. Artificial radio-
activity, produced when substances are madg radioactive by
bombardment with particles such as alpha particles, protons,
electrons, and neutrons, is of extreme importance. i '
Nuclearsreactions differ in another important way from
ordinary: chemical reactions — that is, in the amount of
energy released. In nuclear reactions, matter is converted
into energy, thereby Telea51ng tremendous amounts of energy.
The energy released by nuclear reactions dwarfs the energy
produced by‘chemlcal reactions.
The nuéleus is composed of two types of large partlclest
protons and neutrons, as well as many smaller particles.
The proton 1s poc‘t1Vely charged and has a relative weight
of apprdxlmately one atomic mass unit (amu) The neutron
also has a relat1Ve weight of approximgtely one amu but it
_i%s neutral. The mass number of the atomic nucleus is the
number of particles, or nucleons. Thefe}ore,‘the mass number
is edpaﬁ»to the number of protons plus the number of neutrons.
) Furthermore, the number of protons is equal to the atomic
\ number of -the element. From earlier experimentation with
the scattering of alpha particles, it was concluded that

T * -
AN
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the nucleus occupies only a very small fraction of the volume
of an atom and that it*%§s very compact. Nuclear radii do not
exceed 10712 cm, whereas;atomlc radii are about 10,000 _times_

larger

NUCLEAR RADIATION

Some nucleii are unstable and spontaneously emit particles
and radiation. The discovery of this natural radioactivit
is credited to the French scientist, Henri Becquerel, in K
-1896. Becquerel's research was spurred by the discovery Tk
of X rays by W. C. Roentgén earlier that same year. Becquerel
discgvered that uranium produces a spbntaneous radiation
"that can develop an image on a photographic plate.

An unstable nucleus can be transformed into a stable,
one by the emission of particles or‘radiation. The three
most common types of radiation emitted by radioactive _sub- _ v
stances are alpha partlcles (a), beta particles (B), and
gamma rays (y), ]

Alpha rays are particles consisting of two protons and
two neutrons, hav1ng a weight of four amu and a double posi-
tive charge. Alpha particles are identichl with the helium.
nucleus, that is, they are helium atoms .that have lost thelr
two orbltal electrons to form the doubly charged ion, He **
These particles are traveling at a speed of up to ZQ,OOO
miles per second as they leave the‘nucleus. "However; in '
spite of this speed and their mass, they are not especially’
penetrating. A}pha particles will travel only a few centi-
meters in gir before they are stopped. Items such as paper,
aluminum *foil.,- or rubber gloves will stop them. Radioactive
decay, through the emission of alpha rays, is shown by the

Page 4/CH-11 . - .
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‘foi{owing reaction:

22 2R rf>rl%%Pe—~~+-%He—~—;——Alpha—emission
-
This reaction illustrates the type of equation used to de-

. note nuclear reactions. The symbol 23{Rn denotes the isotope’
of radon (hn), which weighs 222. The 86 is the atomic num-
b€r of- radon Radon dlslntegr%tes to form plutonium (with
a mass number of 218 de an-atomic number of 84) and the
alpha pé&tlcle He (with a mass number of 4 and an atomic

] number of 2). Note that the subscript and superscript nums -
bers on each side of the equation must balance. For example,

/fhe masses of Po andkﬁe/eqaal the mas; of Rn, as follows:

e 222 = 218 + 4 <

In addition, the atomic number must balance, as follows:
. . .
86 = 84 + 2

Nuclear equations can often be completed through such a

balancing process.
’ Beta rays are streams of electrons traveling at enormous
speeds (approaching the speed of light). These electrons
coming from the nucleus are not the orbital electrons. How
can electrons come from the nucleus, which supposediy is
composed only of neutrons and protons? Emission of beta
particles can be considered to be the result of the conver-
'sion of a neutron into a proton and an electron, as shown
below: ’

.

n =——> ip + _fe

: . ) CH-11/Page 5
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In this process "the neutral neutron (weighiﬁg one amu)
is converted into the positive proton (weighing one amu)

— —and—the-negativeelectronor betaparticte (weighing less
than one amu). The weight of the electron is 1/1846 that
of the proton; therefore its weight is negllglble, compared
to the welght of the proton or the neutron This nuclear
equation is balanced since thé masses on either side of the

»

equation are equal _ ¢ .

The charges are also balanced asléhoWﬁ below:
0 =1+ (-1)

The protons ain in the nucleus, whereas the beta rays

are shot out£§$ the nucleus at high speed. Beta rays are
many'times more penetrating than alpha rays because the beta
rays travel at much faster speeds. An example of beta emis-
sion is the sponaneous radioactive decay of thorium 234 to
protactinium 234: .

234Th ——> 23%pa + .%¢ Beta emission
. »

Note ‘that, in beta emission, the negative electron leaves
the nucleus and that the positive proton formed in the pro-
rcess increases the atqmiC‘number by(%ne unit (in this example
from 90 to 91). Therefore, a new element is formed through
beta €mission. A _

" Gamma rays consist of electromagnetic radiation of very
short wavelength. Gamma rays have no:charge or particle

behavior; they act as true waves. Gamma rays can be compared
g N ) N

1
\ "
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to X rays, except that they have even shorter wavelengths
and, therefore, are much more penetratlng These rays pre-
sent the main daager in working with radioactive materials |

since they can easily penetrate the body and can_.cause serious

phy51oleg1ca1 damage. It requires almost a foot of lead
or several feet of concrete to sh1e1d against gamma rays.
Gamma- radiation is not generally Shown when writing nuclear
equatio]f’51nce charge and weight do not ange in,gammg

emissio However gamma emission is usually accompanied |

by other radioactive emissions. . . .

The effect of an electrical’

field upon alpha, beta, and gamma v ’ yg:ygA

emissions is illustrated in Fig- ©
‘ “1 I B BETA . /

dre 1. PARTICLES /o
In addition to alpha, beta, = ’/ /.

.
. and gamma radioactivity,';here )

are two other decay processes:
¥

positron emission and electron ", N\ ALPHA.

capture. A positron is a par-’ RADIUM PARTICLES

ticle that has the same mass as BROMIDE—T ) LEAD

’

an electron but an opggsite ’

(ﬁositive) charge. The symbol Figure 1. Alpha, ‘Beta
3. . 0 _ and Gamma Rays in an

for the positron 1is +i€. Carbon Electrical Field.

11 is an example of an isotope :

that decays by positron emission:

»

ic +le Positron emission

Positron emission can be considered’ to be the conversion of
a proton into a neutron and a positron: ’

lp ———>1in +  Lle Positron formation
Proton Neutron Positron

/7
L
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_ The energy level, or shell nearest the nucleus is known .
- .—— ds the K-shéll. If is possible for the nucleus to capture
one of these K-electrons in a process called electron capture.

For exampie, vanadium-49 can capture a K-electron to become
" titanium-49: * .
1 X

L4

g o 33V + ~je ——=13Ti Electron K-capture
. - R . K-electron ,
’ o ° . . . L, ¢
. s toe
. Electron capture may bé thought of as convertlng a proton
. té a neutron as foilows: . ) '
' a 3 .
ip + -ge—) %n w N
] -
N 3 A " [

RADIOACTIVE DECAY SERIES

As indicated earlier, unstable nuclei.can lose particles P
or radiation and becdome stable. Often, thls may involve
more than one step. For example, Flgure "2 shows _uranium

. can decay in a series of steps until, finally, lead-82 is.

formed. In the first step, uranium-238 decays through alpha ~

em1551on to form thoriym as follows
l : R . !
LS F :
. 23 U ———>234Th + 3He 4

4

)} N

. . ‘ l »
Then,  the thorium-234 decays by bR®ta emission:

»

.«

L JiiTh——">73pa + _fe.

% - . %

v
s .

: ' The“decay continues through 13'or 14 steps, depending upon
) the.specific route "taken (Figure 2),.until leX-206 is formed.
. - . . \ .
Page 8/CH-11 .




NUMBERS

[

MASS,

%

oA

20¢ >
. 80 82 B4 868 88 90
Ha 7! pB B! po AT aNFR gA AC TH PA

ATOMIC NUMBER R

ce
. ~

- l. » ‘ \ ’
// Figure 2. Radioactive Decaf~8eries for Uranium-238.

. -
\ -

(In Figure 2, the“§h8rt, horizontal arrows pointing to the
right indicate beta emission, and the long .arrows pointing
the ieft correspond to alpha emission.) -

4

down and to

-

HALF-LIFE

[l .

Each nucleat decay. reaction has.a chJEacteristic decay
time. This reaction rate is usually expressed as the "half-
°1ife." The half-life -is the time réquired for half of a
given quantity'é? a radioactive substanc¥® to react. Each

-
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jsotbpe has its own characteristics half-life. For examﬁ%e,
the half-life of strontium-90 is.28 years. If one started\
i+ with 100 g of strontium, after 28 years, qnly 50 g of stron\

tium would remain. Ihe'other 50 g of strontium,would have -

e Reen converted to yttrium-90 through ‘beta decay, as shown ' k

by the following red¥tion: .

o ‘~ 3psT—=>38Y  + .fe

ST After another half-life period (28 years), only 25 g of the

) ;trontium-QO would remain. Half-lives of the radioactive

’ :', .elements vary widely — from as short as millionths of a sec-
ond to as long as'{illions'bf years. The rate of disintegra-
tion of a rad10act1ve material cannot be 1ncreased there-

. fore, the material must be stored properly to allow it to-
become non- rad10act1Ve. Unfortunately, it may -take m11110ns
of years for some'radloactave wastes to decay to safe levels.
In the meant1me, they must be conta1ned do they are not re-’
leased into the environment, . ST e

An interesting application of natural radioactivity
has been in its use to determine the age of thé& earth. In
thie procedure, the radioactivity of a éiven {sotope is mea-
“~sured and its half-life 1is used to calculate the time the
. 1sotope has been in existence. For example, one g of uranlum-
238 would produce 0. 438 g of lead-206 and 0. 067 g of he11um,

leaving 0.500 g of uranlum 238 after one half-life — or 4.5

o

billion years. By comparlng the amount of lead-206 to the
amount of uranium-238'ih\a mineral, "the age of the rock can, °
be established. This analysis indicates that.the age of the
: eanth's crust is approximately 216 billion years.

- The half-lives and types of decay processes are given .-
for some'artifical and natural radioisotgpes in Table 1;:'

‘.
e . -

Iy
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TABLE 1. HALF LIVES AND DECAY PROCESSES OF . )
SOME RADIOACTIVE ISOTOPES . - -
_Isotope -_Half-lifeh Decay Process
Artificial Plutonium-239 | 24,000 yr . | ~° Alpha =
Rgdioisotopes: Cesium-137 i 30 yr T Beta . .
- ' Strontium-90 28 yr Betd
@ \ Jodine-131 N 8 days Beta
Natural % | Thorium-232 1.4 x10'° yr Alpha
Radioisotopee “Uranium-238 4.5 x 10° yr " Alpha
- \| Potassium-40 [ 1.3 x 1Q° yr Alpha = . ,
\CarQQn-14 , 5,700 " yr Beta '
/s Y ‘ . h
S . ) .
A -
DETECTION OF RADIOACTIVITY . :o < o ) s
Alpha, beta, and gamma .rays Ell interact with the atoms -
of matter by dislodging orb1ta1 electrons, thus. forming ions.
* The amourit of radiation, therefore can be determined by . ‘
the dmount of ionization produced by the radlatlon Not . .

all 1nteractlons between radiation aﬂd matter cause ion forma-
,tlon. *Ip Qome.eases, electrons can be ralsed to h%gher energy
levels (shells)‘ When these electrons returﬁgto the1r normal -
N enegrgy 1e;e. X rays, u1traV1olet or’ v151ﬁle 11ght may be
emitted, deéghdingfan the energy 1eve1§ In addition, some
of the energy of the partlcleg\of radlatlon may appear. as
heat,

|
|
|
)
|
|

: \
Although one cannot see, hear, feel, taste, or smell

rady?tloh there are a number -of methods used to\detect it.
.~ P /
' ' g
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1.' PBhotographic plates.and film have been used to detect
radiation for many years. The fadiation affects . -
photographlc film in much. the same way as ord1nary
11ght The darkenlog of film can’ give a quantitative
measure of the amount of radiation to~ wh1ch the film

has been exposed. ‘It is common practice for people

who work with radioactive substances to wear film badges

v,

, to record the amount of .radiation to which they have

bee\\exposed L T c

2. Hlstorlcally, cloud chambers have been used to détect
rad;atlon - In the cloud chamber, the ions proéuced»f
by ionizing radiation pass through/a ‘supe"rsaturafted
vipor. ‘The-ions from the radiation become nuclei for

. the production -of liquid droplets, which form a cloud-

"+ like track. The cloud chamMer can be placed in a mag-
netic or eléctrical field to assist in determining the
type of radiation present. . ]

3. The Geiger- Mueiler counter (or, simply, the Geiger

.

. Counter) is the most common device FTor detectlng and
: measuring radlatlon. The, Geiger counter consists of
‘a cylindrical cathode with a wire anode running along
1¢s axis. The anode and cathode are sealed in a gas-
f111ed glass tube. An electric¢al potential difference
’1s maintained between the anode and the cathode. This
potentlal is ‘just slightly below that reqplred to pro-
.duce an electric discharge in the gas. When ionizing
radiation enters the tdbe, it causes the formation of
ions which, in turn, causes an ele¢trical breakdown

R S

of the gas, sending a pulse of electrical current to

~

.a counter. A schematic representation of a Geiger counter

is shown in Figure 3.

et
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> . * THIN WINDOW
~ ARGON GAS PENETRATED BY
RADIATION

: Yihéég'

. . VANODE /) -
\ o0 _99 CATHODE ()
. AMPLIFIER AND ] HIGH N o
, COUNTER VOLTAGE N

"Figure 3. ~Geiger Count
P [
4. . In the scintillation counter method of radiation de~

tection, dials of luminous watches are painted with
a mixfure of zinc sulfide (ZnS) and radium sulfate -
(RaSO04) . The zinc ‘sulfide fluoresces, forming V151b1e
light when struck by’ the radioactive emissioms from
P the radium. The visible light may be focused uponéa .
photomultiplier, enabling the radiation to be measured.

People are constantly exposed to'naturaf radioactivity.
‘This "background" radiation comes from cosmic rays ultra-
violet 1ight, and radioactive elements such as uranium in ’;\3
minerals. Thexlevel of ‘this radiation varies with the amount
of exposure to the sun’and other light gources and with the :
elevation aboyve seal level. Concern has been eXpressed because
of the 1ncreased¢exposure to radiation from artificial radio-
act1v1ty Thé/interactions of radiation with living matter-
are the same as w1th other molecules ionization, molecule
eXcitation, and heat generation. It is known that large
amounts of radiation kill organisms, but the safe level of
radiation above background level is not’ well established.
Even_slight gxposures (1nc1ud1ng background radiation) can
cause changes in cell chromosomes and, thus, cause birth

r .

-~ . .
.
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defects, leukemia, bone canéer, and other forms of cancer. - '
The benefits to be derived from certain radiation exposures,
su¢h as dental and other medical X rays, must be weighed '
against possible risks of such eXxposure. Because of the
uncertain effect of prolonged radiation, it -.seems prudent
that extreme care be exercised in the use of -radioactive

materials.

NUCLEAR REACTIONS :

¢
£

In nuclear reactions, mass is converted to energy.
Einstein, in his theory of relativity, related energy and
mass by means of the following equation:

B i

E = mc? Equation 1 L
where: ~ ] .
E = Energy, .in a unit called ergs.
m = Mass, in grams.
¢ = Velocity of light, in cm per second. .
' The fact that the velocity of light is high (3 x 10*° cm/sec)
and “thé term -is squared in Einstein's equation makes it evi- .
'déng that a tremendous quantity of energy results from the ¢

destruction of a small quantity of matter. Consider the ‘
amount of energy associated with the alpha decay of uranium-
238.

follows: . S .

The nuclear reaction for the decay may be shown as

. 238y =—2—>» 238Th + 3He + Energy
’ ¥
'Page 14/CH-11
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The madses of the atoms are as follews: ~\\
2387 =+238,0508 234Th = 234.0437 YHe = i\goze

. ©n ® \
Now, 234.0437 + 4,0026 = 238.0463. The 238.0463 is 0.0044%
N——
amu_less than 238.0508. Therefdrgs {0.0045 amu was lost

during .the decay process and converted to energy. This

kinetic energy is carried away bz the alpha particle. Using

Einstein's equation and using the conversion of amu to grams,
one obtains the following:

0.0045 amu x 1.661 x 10°%* g/amu
x (3 x 10*%)% cm?/sec? 4
6.7 » 10°°% erg.

tr1
1]

Converting the erg value to,million electron volts (MeV)
gives the following:

6.7 x 107% erg x 1 MeV/1.602 x 10°° erg
4.2 MeV. :

13

3

~

_ This calculation and similar calculations indicate the tre-

mendous,energy\involved in nuclear reactions. For example,
the energy released thyough the nuclear reaction of one pound
of uranium is equivalenmt to that released by combustion of
1500 tons of coal. \\ ]

NUCLEAR FISSION '

When certain heavy elements, such.as uranium-235, ura- ..
> H} .o
nium-233, or plutonium-239, are struck by slow-moving neutrons,

.
. °

13
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thé nucleus is splitlinto two large particles qﬂa; on the
. average, 2.4 neutrons. Three possible reactions are indi-

- ~
cated as follows: . . . N

A\

% e 14%3Ba  + 3Ikr + 3 in
n + U ’

°% i5Z2n + 18Sm  + 4 §n

! 29Rb  + lt¥Cs + -2 In

N\ . . .
Figure 4 illustrates the first reaction above in which.
a Ehermal or slow-moving neutron strikes a uranium-235 atom,
cdusing it to split into barium-142, krypton-91, and three
. moré neutrons. .This proceéss-— in which a large atom is split
: into smaller fragments — is known as nuclear fission. It

" is the basic reaction that occurs in the atomic bomb and
nuclear reactors for generating .electricity. .
’ ' More than 200
different isotopes
" of 3§ different ele-

peite

A9 . ments have been
= found among the fis-
<o -sion products of
o uranium-23S5.
: : On‘the average,
Figure 4. Fission of Uranium-235. ,2.4 neutrons are p;o-
i i ) . duced by every fls-

, ' sion of uranium-235, If one fission produces two neutrons,
these two neutrons can cause two additional fissions, releas-
ing four neturons., The four neutrons'can then produce four
more fissions — and so .forth, as illustrated in Flgure 5.

The number of fissions and their associated energies

* quickly escalate and, if left unchecked, can result inLEn

explosion. This process is called a chain reaction. A

Page 16/CH-11
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certain mass of fissionable -

Pon

material must be available .
for the reaction to be self- ’ ‘/t’

sustaining. This hass; A @ ) * .
called the critical mass, is NUCLEUS S s @ '
required $0 that the emitted
neutrons have the opportunity

2 Neuraous
FROM mss;ou

_‘ o

plosive te form a critical . L '

to strike other atoms before
they escape from the sample:
two sub-

L

critical masses are b?ought .

In the atomic bomb,

together by a chemical ex-

" NUCLEAR FUSION | , :

mass. Only 6000 g of

Figure 5.
plutonium-239 are required

, Chain Reaction,

to form a’ cr1t1ca1 mass. The

small 51ze of this critical mass needed to form an atomic

bomb has caused fear that enough material to build a bomb
could ea511y be stolen! . ) . \

L]

~

Lighf .atoms can combine under certain conditions to
form heav1er atoms, Wlth a release of tremendous amounts
. Nuclear
If the
it ‘can produce an almost

of energy. This process is called nuclear fusion.

fu51on occurs in the sun and in the hydrogen bomb .
fu51on reaction can be controlled,
unlimited samount of energy. One of the most 1mportant fusion

reactions is the following:

‘4 + }H——>4He + In  + Energy

. CH-11/Page 17
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U The }H atom is called heavy hydrogen, or deuterium. About

one atom out pf every 7000 natural h&drogen atoms is deuterium.

- Deuterium has one proton and one neutron, whereas normal
hydrogen has only a proton and no ﬂeutrons. Deuterium is
obtained by the electrolysis of water. Water molecules,

, which contain deuterium rather than normal hydrogen, are
slightly more diffiéult‘to decompose with a current than
reéhlar Water: Therefore, when water is broken down into
oxygen and hydrogen by electrolysis, the last small fraction
of water that remains dndécomposed will be rich in water ‘
containing deuterium. Then, by electrolyzing®this remain-
ing water, neariypure heavy hydrogen can be obtained. The .
second atom in the preceding reaction, jH, is called tritium.

it is-an extremely rare—isotope-of-hydrogen that-con-—
tains one proton,and two neutrons in the nucleus. The com-
bination of deuterium.a%d tritium forms hélium,‘a neutron, 2
and tremendous quantities of energy. .

Thé fusion reaction-is an appealing source.of energy
since the light isotopes are readily available and the fusion "
products are gefierally not radioactive. . Since deuterium
comprises about one in every 700Q|hydrogen atoms, the oceans
can supply an almost limitless amount of nuclear fuel. The !
tritium for the hydrogen fusion reaction dan-be obtained
from liquid lithium, which can serve for both a heat trans-
fer ‘medium and a tritium source. The tritium can be obtained
through the following reaction:: '

- - *
)

¢ x
' jLi Y n—>4He + H + in .7
It is estimated that there is sufficient lithium on the earth

to provide a source of tritium for energy production for

about one million yéars. ’ .

L J

Page 18/CH-11 -

* ’ ' ' “ 237&:’!

—




, Although the fusion reaction holds much promise for
providing unlimited quantities of energy, there are many
technological problems that must be overcome before the po-

o tential of fusjon reaction's is realized. Extremely high -
temperatures :Se rqquined to trigger the fusion reaction.

Temperatyres in excess of 40,006:600°C must be reached to

permit thé fusiom reaction to occur. Currently, the only

known means to achieve these temperatures is thfough a fis-
sion bomb. In the hydrogen bomb, these high temperatures

are attained by exploding an atomic bomb, which then triggers

the fusion reaction. There is no known. container material
that can be used to contain a substanc; at these fantasti-

cally high tempeéatures.' Therefore, a method must be devised

+ to confine thg materials out of contact with other materials
and still maintain a high enough density to permit the fusion
reaction to occur. Two methods are under investigation: _

. confinement in a magnetic field and heating a frozen deuterium-
tritium pellet with a laser beam. Although there is reason

. for-a limited amount of optimis¥, it is impossible -to know -

at this time if fusion reaction will ever become’ a. practical
source of energy.

)
.

NUCLEAR REACTORS .
Nuclear reactors convert the heat that is produced by
the fission of uraniuim-235 into steam which can then be used
. to generate. electricity. Figure 6 is a schematic of a nuclear

reactor -of the pressurized water type.

" ' : g . CH-11/Page 19
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: | _~CONTROL RODS

i

\ / X WATER AT 300°C
- o . - .
A . STEAM TO
| . i§§§fENERAﬂNG SYSTEM

J J h | |_REACTOR r

|_~FUEL ELEMENTS HE,AT\ EXCHANGER

L+

PUMP > WATER
/

RECIRCULATED WATER .
J

Figure 6. Nuclear Reactor.

+

.o ' This t}pé of reactor is the most common type used in the
United States. At a pressure of 2000 psi, water is passed
through the reactor to ahsorb the heat given off by the fis-

+sion process. The water, coming out of the reactor core -

.at a temperature of 300°C, is circulated through a closed.

. loop that cdntains a heat exchanger. - A second stream of
water — at a lower pressure — passes through the heat ex-
changer and 1is converted to steam at 270°C. This steam is

. then used to drive a turbine to produce electrical energy.
Nuclear power plants have several advantages over convent10na1
coal- or oil-fired power plants. One major advantage is
the relatively low fuel cost compared to conventional fuels.

"
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The uranium used in a nuclear power plaﬁt accounts for only
about 20% of the cost of g}éctricity prodﬁced, whereas fuel
cost's in other types of power plants account for about 40% <
of the cost -of electricity produced. Another advantage
attributed to a nuclear power plant is the low amount of
emissions it discharges into the atmosphere, as compared to a .
fossil fuel plant, which ¢an discharge several hundred thou-
sand tons of sulfur dioxide, nitrogen oxidés, and ash particles
into t atmosphere each year. The most serious problem
assoctdted with\nuclear reactors is the hazard.from the
radioactive products of the fission process. Large amounts
of these products are obtained, and safe, long-termystorage
of these wastes is a serious problem. In addition, there
is always the possibility that an accident at a nuclear power _
plant <ould occur, releasing dangerous amounts of radioactive
materials.
As indicated in. Figure 6, the nuclear reaction is con-
trolled by rods that can be lowered into the fuel elements.
y These control rods are made of cadmlum wh1ch absorbs neu-
trons very effectively. During start-up of the power plant,;
the control rods are gradually raised, allowing the fission
~ reaction to start. By careful manlpulatlon of the rods,
a steady state is reached whereby, the heat that is generated .
~——;s—halanced by the heat that is carrjed off’ to the heat ex-
changer. Thus, the reaction proceeds safely with no danger
_ that the reactor will explode. :

. - 4

BREEDER REACPORS ~ - :

It has been estimated that in less than 50 years all
of the uranium-235 in the United States will be depleted.
. r . . - 0‘. r_v
‘ ! . © ., " . CH-11/Page 21
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Only 0.7% of all uranium is uranium-235; the remaining 99.3%
is uranium-238. 1In .conventional nuclear reactors, uranium-
235 can be split - rather easily with slow-moving neutrons;

but uranium-238 will not undergo splitting with slow neutrons.
However, it may be possible for the neutrons givqn off by'
the 235 isotope to cause, fission of the 238 isotope, accord-
ing to the following reaction: . ' ,

-

The plutonium-239 that -is formed can readily uﬂdergo fission,

according to the following reaction: .
& . ’
2§3Pu + jn—>3iSr + !¢lBa + 3 in

. ] -
¢

Theoretically, it is possible-that a reactor.utilizinyg these
reactions could prod’ue more fuel than it consumes. Thus,
these ctors are cZiIEH\hgeeder reactdrs. Breeder reactors
are currently under development, but they pose many technical
problem;. For insténce, these reactors use liquid sodium

as the cooling medium. Sodium is éxtremely reactive and
causes severe corrosion problems. In addition, the plutonium
is an extremely dangé}dus Fadioactive material.wwgecause'
’ofvits long half-life (24,000 years), ény accident involving
plutonium could eave an_affected area almost permanently

<

contaminated.
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.the sample is bombarded with neutr::s, and thé element of %

it is nondgstru ve.

RADIOISOTOPES

- A Y (Y

. e

Radioisotopes™ are widely used in medicine and industry.

Cobalt-60 is used in the treatment’of cancer to destroy or
slow the growth of¢malignant tissue. The basis for such,
treatment is the fact that, although gamma radiation tends..
to des/roy all cells,hiancerous cells are more ea511y de-’
stroyed than normal ones. Trace amoqnt*f, radioactive
materials can be ihjected into the blood stream, and any’
build-up of vadiation can pinpoint problerms such as circula-
tory disorders. Industr1a11y, radioactive 1sotopes are used
to measure frictional wear and corr051on rates. - The thicgk-
ness of very thin ,sheets of metal, paper, plastic can .
be feasured by plfcing them between a radioa tive source

and a detectorssuch as‘ the Ge1ger counter. The amount of

'rad1atlon pa551ng-through the material is a measure of 1ts

thickness. This method can be used to nondestructively test
forvflays in many ‘materials. Neutron activation analysis v
is an 1mportant analytlcal technlque. In this procedure,

interest--is converted into a radio® otope. A measurement
of the radloact1v1tyw€fvthe isotope can then be used to-cal-

culate the amount of t element in the sample. This method

of a a1y51s is especi 11y attractive for twec reasons: it
can be used to determ'ne trace amounts of an, element and

«




1. Complete the following nuclear reactions: ™
a. $3Co + 7 ——>3%Mn + “3He ’
b, 23}y ———> 4He + 2
c. M + ine=——a>1H + ?
12% n 0 i — _
2.+ The half-life of hydrogen-3 is 12.3 years. How much
of a 50 mg sample will remain after 24.6 years? <
3.7 Given the following atomic masses — i v
§Li = 6.01513 . . e
3He = 4.00260 ‘
{H = 3.01604 ¢
gn = 1.008665
. calculate the amounf of energy — in million electron )
volts (MeV) — given off in-the following nuclear re- \\\v} ) ’
action: |
$Li  + jn——>3He + H ”

‘4o,  Write an equation for each of the following radioactive
decay processes:

.a. K-capture of §iCr
b. . Beta-decay of (3K
c. Alpha emission of 23§Ac

5. Radium has a half-life of 690 years. Starting with
20 g of radium, how much radium would be left after-...

, a. ’ 845 years? - .
b. 1690 years? - ° . . . - .
.'c. 3380 years? B . -
’ . y
e - At )
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LABORATORY MATERIALS

-

.Laboratory 1

- Geiger counter
Radium dial watch
*Meter stick
. Cardboard

. Aluminum foil

Radioactive ores

Laboratory 2

Geiger counter
Watch glas
Separatory fumnel
Pipette

. . Pipette bulb
Potassium iodide

Lead foil - Radioactive potassium iodide
Gamma source Carbon tetrachloride
Bromine water '

:Sgaiug\bydroxide, 0.2 M

+
~

LABORATORY PROCEDURES

_LABORATORY 1. RADIOACTIVITY.
y .
. The radioactive samples of ore used in this experiment
are available from chemical supply houseg. Tﬁey present
no particular h%zard; however, it is good;}o develop and
use the same techniques and precautions that must be used
- with other, more dangerous radioactive mategials. Precautions
- : and disposal suggestions should be foun& in ,the literature
available with th samples. Ihé radioactive samples will
give off betasind gamma rays. In this experiment, the shield-
ing effects of cardboard,. aluminum, and lead will be examined,
using ra Geiger cdunterQ A graph of radioacdtivity versus
distance from source will then be constructed.

T " -~
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PROCEDURE : ' . ~

1. . If the Geiger countLr is of the 110-volt type, plug
‘it into the power source.: .o
2. When the counter has warmed up (immediately, if it is
_battery powered), hold the probe toward the ceiling.

The clicks that will be ‘heard are from natural back-

ground radiocactivity.

3. Place one of the radioactive Samples on e laboratory
bench and position the probe three feet (ft) from the
sample. -

4. Count the clicks (or flashes) heard for one minuté
(min).‘ Record the number of clicks.

(1 min at-3 ft)

5. Position the probe one foot from the source and count -

Ed

the clicks for one minute.
. (1 min at 1 ft)
6. How does distance relate to the number of’c;ickg?

- 7. Place a radium{oial watch one foot froﬁ the ;probe and
observe the ré&éoactivity, as indicared by the Eounter.
Compare the 1nten51ty of radlatlon of the ore sample,
with the intensity of the radiation from the watch.

A

8. Place a piece of cardboard between the probe and the

ore sample Count the number of clicks for one minyte,

: T at qﬁe foot and three feet. .
’ s ’ v (1 min at 3 ft, with cardboard) -
. ! . (1 min at 1 £t, with cardboard)
- a .. - )
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10.

11.

12.

13.

i'f’\ L] ' .
Place'\a piece of aluminum foil between the probe and
Count the number of clicks for oné:zf) );,__;__J

_minute at ane foot and three feet. . ) / )

’ (1 min at 3 ft, with aluminum £f6ily
- (1 min at 1 ft, with aluminum foil) -

the ore sample.

s

Place a piece of lead sheet between the probe and the
ore sample. Count the number of clicks for one m1nu;e
at one foot and three feet. : -

’ (1 min at 3 Ft, with lead sheet)

- (1 min at 1 ft, with Jlead sheet)

Compare the- 1nten§¢ty of radlatlon striking the un- o
shielded probe to that striking the probe when shielded .-
by the materials in Steps 8, 9, -and 10.

. = ¢ . ’ /
- . ]
- . ’ . . .
Vd o
Close the~shie1d covering the probe to prepare the

counter for use with the gamma source. . . .
Place the gamma source 5 T Krom the probe and remove

the shield.
for a second minute,
the data below.
the Repeat these mea urements after mov1ng
the y/7 1 cm at a time untll
the

_Count the number of clicks for one mlnute,
and for a.third minute, recprding y
. Average the three values and record
ayerage. ‘
gamma source further awa
source is 20 cm from the probe. ’ . ~f,

-~

) ‘i
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Distance from Clicks/ - Clicks/ Clieks/ .
Probe (cm) Minute Minute Minute Average :

A

S .

= 6 ) N\ ' “_~
; ‘
8

9
* 10
11
12
‘ 13
‘ 14 oL ,
15 . - -
6-16 . ‘ 5
N ¥ .
.18 : : '

19 ‘ . R U

20

e

14. On a sheet oszraph paper, plot a curve oi/agt1v1ty

versus dlstance of source to the probe$. Plot the nuim-

‘. ber 'of clast (act1v1ty) on the y-axis, and the dis- ' ‘
. - tance’ (in cm)’ on the x-axis. Note-that the curve is

"not a simple inverse propertion. Thé_curve illustrates

the law of inverse squares for radioactivity. ”/

S - °
- - -
. ’
PN . g
4“” 2

1
E
s

- LABORATORY 2. -ISOTQPIC’PRObERTIES (Demonstration).

[
o

« ¢
‘.

This experlment illustrates that the chemical properties *
e of radloactlve isotopes, are identical to the chemical prop-

~

/ erties of nontradioactive isotopes.

-
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PROCEDURE

1. Dilute a small amount of the radioactive potassium .
iodide solution, (less ‘than one microcurie) with five ¢
-drops of thle sodium hydroxide solution' :

" T ”ZZ"'Add a small crystal of non- radloactlve pota551um iodide

@ - and stir until it dissolves. .
\3. Position the Geiger counter probe 5 cm from the radio-
active mixture and note the'activity. -
4. Pour 10 ml of the solution into the separatory funnel

and add a few drops of bromine‘wa;er. (The bromine

should react with the iodide ion, coﬁverting it into

free iodine.) \ T )
- 5. Add 10 ml of carbon tetrachloride. Shake the mixture -

| and let\ it stand. (The lower layer of liqujd in the
funnel \hould indicate the characteristic iodine color.)
6. Draw off the bottom liquid into a small beaker and test
its activity with the counter.

. 7. Answer the following questions:

. a. Does the bottom colored .layer contain*radio-

- activ}ty? . . ’
- ’ b. ,_ Do radioactive and non-radiesactive compounds mix
‘ in solution? - ‘ ~ . ‘ )
- c. Did the isodpic, forms of iodine accompany each . .
. other throu:§\¢he extraction? )

.

d. Do radioactive and non-radioactive isotopes have
' , the -same chemical properties? Do they have the

-

- same physical propertie§?
e. Describe the difference betweeen radioactive and
/ ) non-radioactive isotopes.

e
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Lo  GLOSSARY

Alpha rays: Particles consisting of two protons and two .

heutrons.
’ Beta rays: Streams of electrons traveling at enormous
speeds. / . $ . ,
2= Breeder reactor: A nuclear reactor that produces more’ N .

("'?

' Gamma rays: Electromagnetic radiation of very short wave-

fuel than it consumes. ,

Critical mass: The mass of fissionable material tha
“be available“for a reaction to be self-sustaini

Deuterium: An isotope of hydrogen, .containing one

Electron capture: A nuclear reaction in which an
is captured by the nucleus.

¢

\ length. v .
Geiger counter: A device for measuring radiation.

Half-1ife: The time required for half of a given quantity
oF radioactive substance to decay.

Neutron: Neutral particle found in the nucleus of an atom.

Nuclear chemistry: The branch 6f chemistry dealing with
atoms that contain unstable nuclei.

Nuclear fission: A process in which a large atom is split
into smaller fragments.

Nuclear fusion: The process in which light atoms combine .
To form heavier atoms, with a release of tremendous
amounts of energy. .

-~
4

» .
Nuc leus: The inner core of an atom.
Nuc eus

Positron: A particle that has the same mass of an'elpctron,
ut a positive charge.

Prcton: Positively charged particle found in the.nucleus
of an atom. i

Radioisotopes: Radioactive substances widely used in medi-
cine and industry.

‘Tritium: An isotope of hydrogen, containing two neutrons.

*
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