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Figure 18 Pure copper caihodes being
rernoved from an eleciralyte bath of
copper(ll) sulfate dissolved in dilute
sulfuric acid.

During fhe electrorefining process irmpure
copper anodes dissolve while pure copper
matal is deposited on the copper cathodes.

Figure 19 Electrorefining of blister copper.

The hlister copper anade parfially dissotves. ~_
.

8.6 Electrolysis in industry

The original discovery of electrolysis is attribuied fo the English chemist William Nicholson
(1753-1815). Using the newly published discavery of the Voltaic pile (1800) Nicholson
along with his friend Anthony Carlisle had dermonstrated the elecirolysis of water into
hydrogen and oxygen. Scon after, in 1807-8, Hurmphry Davy used electrolysis to isolate
several previously unknown elements (K, Na. Ba, Ca, Sr and Mg) from their compounds.

Today electrolysis confinues fo be an important technigue for the extraction of reactive
metals like sodium, magnesium and alurninium and for the purification of mefals like gold
and copper. Electrolysis is also important for ihe production of substances like chlorine and
sodium hydroxide, and for applications such as silver and chrome plating of metals.

8.7 Electrorefining of copper

Copper's high resistance 1o corrosion and excellent electrical conductivity make it an
exceptionally useful metal. However, the presence of even small amounts of other mefal
irnpurities can significantly diminish these attributes. In order to benefit from iis unigue
properiies copper must be obfained in a very pure form, 99.95% Cu. The extraction of
copper from its ores however, fypically resuifs in an impure form called blister copper
(298% Cu). Impurities typically include valuable metals like Ag, Au, Pt, Fe, Zn and Ni which
frequently occur alang with copper in its ores.

The ultimate purification of blister copper to »99.95% Cu is achieved by electrorefining
(elecirolysis). To do this, blister copper is farmed into anodes and immersed in an electrolyie
solution of copper(ll) sulfate dissalved in ditute sulfuric acid. Applying a carefully controlted
DC voltage to the impure copper anodes results in the oxidation (dissolving) af copper along
with the more reactive metal impurities like Ni, Fe and Zn. These metals dissolve to produce
Cu?*(aq), Ni**(aq), Fe* (ag) and Zn** (ag) respectively.

Keeping the applied volfage suitably tow prevents the the oxidation of less reactive anode
metal impurities such as Ag, Au and P1. Instead, these less reactive metals simply fall to the
hottorn of the electolysis cell as a solid ‘anode slime’ (also called sludge). Recovery of this
anade slime provides a valuable source of fhese precious mefals and cantribures
significantly to the economics of electrorefining blister copper.

Pure copper (»99.95%) is then recovered from the elecirolyte solution by the reduction of
Cu**(ag) ions onfo a thin cathode sheet made of pure copper. (See Fig 18.) The applied cell
voltage is carefully conirolled so that only Cu**(aq) ions are able 1o he reduced. Other cafions
in the solution, eg, H'(ag), Fe*(ag), Zn**(ag) and Ni¥*(aq) are unaffected and remain in
solution. (See Fig 19.) The concentration of these ions gradually builds up in the elecirolyie
and so they are periodically removed by suitable chemical treatment.

DC power supply

Electron
flow.

Cu**(aq) ions hecome reduced af ihe pure
, copper cathade.

Culs) — Cu?ag) + 2¢° Eo= -0.34V \ A )
: s ' (ag) + 2¢7 (5) Ebag= +0.34V
NitS) = NP(ag) + 26 Eh= 4024V . P u(ag) + 267 — Cu(s) Eig= +0.3
Fe(s) —» Fet(ag) + 26 E= +0.44V : ) pd The much loyver reduchqn poteniial m‘ih“:j
) i Pre other mefal ions in solution prevents them
n(s) —» In“ag) + Ze" E= 4076V P from being reduced. (NR=No reaction.)

The anotle slime consisis of less reactive metals
that do not dissolve duz io their much lower
oxidation potentialz. (NR=1o reaction.)

pes) BB Agiap + € En= 080V

Pits) M8 Pit(ag) + 260 Ed= 120V

. NR F
A S Autag + & Eh= -1.69V
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_NR .

N (ag) + 220 = Ni(s)  Elag= -D.24V
. NR

Fe*(ag) + 267 — Fels) Erec= -0.44Y

_NR e
In(ag) + 260 = In(s) Eres= -0.76 Y

The elecirolyie soluiion is initially a risdin 2 &
CuS04(aq) and H2S04(aa).

Copper recovered from these cafhodes is »99.95% pure and is particularly suitable 121
applications where high electrical conductivify (ie low resistance) is required.

8
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8.8 Electroplating

This involves using electrolysis fo place a thin coafing of gpe metal onto another metal.
Electroplating may he used fo improve the appearance of a metal or ifs resistance to
. orrosion. Silver plated cutlery or gold plated jewellery for example may have ihe
appearance and durability of real silver or gold arficles but they can be produced at a
#raction of the cost. Tin cans used for food sforage are made of fin plated steel that is
cometimes also laguered on the inside. Tin coating the can helps fo prevent its corrosion.

Eleciroplating (Fig 20) is achieved hy making the metal object to be plated the cathode of
an electrolyfic cell. The anode is made of the plating metal while the elecirolyfe is a salt
solution of the same metal. Applying a small DCvoltage fo the electrodes causes mefal ions
from the electrolyte o hecome reduced onfo the cathode, As the cell operates, oxdidation
of the anade replaces the reduced metal ions thus helping fo ensure a steady concenfration

of fhese is maintained within the electrolyte. Figure 20 shows the arrangement for
- plectroplafing nickel onfo a steel medallion.

Figure 20 Eleciroplating nickel onto a sieel medallion.
DC power supply

The anode is marde of ihe

plating metal, ie Ni(s):
Anode i reaction: \

- Nif'ag + 2¢

¢ %:ewaﬁon:
WPhe sitvery elecirode loses

ass a5 i1 dissolves.

_—The cathode i5 ihe
objeci io he plaled.
Cathode hall reaction: Ni“*(ag) + 2&” — Ni(s)

Ohservation: A solid grey coating forms on ihe
steel medallion.

ckel plated steel has a dull, though corrosion resistant finish. Often nickel plating is used
s precursor to chromium plating. Chromium adheres well To nickel plated steel but nof
ectly onto steel products. The chromium finish is capable of being highly polished and
ves good protection against carrosion as well as being a decorative finish. Chrome plating
g 21) is used fo good effect on some types of metallic car body trim, tools, tableware
on taps and various hardware fittings.

er metals such as silver, gold, copper and zinc can be electroplated using a similar
gement fo that shown for nickel in Fig 20. If the nickel anode and zinc sulfate solufion,
example, are replaced with a silver anode and a silver nitrate solution then the steel
dallion will hecorme coated with a thin layer of silver,

respeciive anode and cathode reactions for this arrangement would be:

ode half reaction: Ag'lag) + e — Agls)
de nalf reaction:  Ag(s) — Ag'lag) + &

: Qracr:;e nowever, metals such as silver, gold and zinc are hest eleciraplated with
frolytes containing a ‘complexing ion’ (see Fig 3 p25) such as CN". In the case of sitver,
roduces the following equilibrium reaction with the equilibrium constant, K. shown.
Kan) + 20N (a) = [Ag(CND2) (agp K. =3.02x%10%

mly large value of Ke ensures a very low concentration of ‘free’ Ag*(ag) ions in fhe
solution. This low Ag(ag) ion concentration is one of the factors that ensures

sited silver coating is shiny and adheres strongly, forming a high quality sitver plate
e underlying retal surface.

Corrosion: Environmental electrochemistry

TS,I?I? 5 an electrochemical process in which a metal is oxidised in the presence of
& water and air (0z). While water is imporfant in the corrosion process it is oxygen

tis the ovidising agent. Dissolved salts will also speed up the corrosion process.

Vllicaspublications.com.au/

Figure 21 This Harley-Davidson motorcycle
uses chrome-plating for corrosion
profection and decorative effecis,

f  AttemptSet12#18. |
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Steel is iran that has been alloyed with
gther materials fo enhance its properfies.
It is one of the most impaortant struciural
materials in use taday. Steel is the major
compenent in the manuiaciure of ar
hodies, ships, rmachines, fences, pipelines,

railraacls and various household appliances,

Ut 15 the key campanent used 1o make
reinforced concrete (below) and
presiressed concrete for bufldings and
hridge:.

water drop

iron (Fe) sheet

Figure 22 A drop of water on an iron sheet reveals the galvanic cell nafure of corrasion.

Same metals like iron and steel corrode to forrm an oxide that is crumbly and brittie e
the material no longer suitable for its original use. Corrosion like this is an extrermely coe
problem. In dollar terms the annual worldwide cost of iron and steel corrasion is esfima
at 3% of the warld’s GDP (= US$2.5 frillion).
More reactive metals (higher oxidation potential) like Na, Ca, Mg and Fe show 3 81
fendency to corrode than those of lower reactivity (eg Cu, Ag, Pt and Au). Despite this
quite reactive metals like Al, Cr and Zn show litfle or no effects of corrosion. This is dye §
natural formation of a passivating layer, a thin profective oxide coating that forms |
exposure fo air (eg Alz0z on Al and Cr20z on Cr). This layer excludes oxygen and wate
the underlying metal thus inhibiting its ongoing corrosion. Even if the passivating i3
scratched or damaged it sirply self repairs on further exposure to water and air,

* Book Quiz 8.9 @ lucaspublications.com .
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8.10 Corrosion of iron

Corrosion of iron and steel involves the oxidation of Fe and reduction of 0z in 2
environment (H:0 present), fo farm a brown subsiance known as rust (Fe20;.0H:0(s)],

This process is like the operatfion of a galvanic cell, ie iron (the reducing agent) doeg
need to be in direct confact with oxygen (ihe oxidising agent) for the corrosion reacti
occur, (See Fig 22 and Tahie 1 helow.)

0z reduction occurs here where its concentration is high,
| 2Hz0 + 0+ de” — 40H°

1]
Al the edges of the waler drop Fe’

@ OH ions meei o form Fe(OH).(5).
Fe?* +2¢

/ Further axidation and dehydration
e /
0]

converts Fe(OH): ta rust Fe0: vH:0.
[}} electrans move fram the anodic si

the iron skrip 1o the cathodic site

i iarati
lon migrafion Py

I the anodic site

b . the rate of corrosion of iron include:

REafteciifls = . -

g i~ 1= the oxidising agent. It must be present for corrosion fo occur, The higher the
AL ERE = gl ’

o of oxygen, the faster the rate of corrosion.

esence of water greatly enhances the rate of corrasion by enah!ing {iissol'yec%
. }'”;;i;mw petween the cathodic and anodic regions that form during corrosion.

¢ the pH of water, ie mare acidic, the greater the rafe of corrosion. This happens
Han potential of oxygen increases as nH decreases. (See border note.)

3 il calt b contact befween fhe anodic and cathocdic
trolytes: These provide an efficient salt bridge confact befween e anod eg Rusting ir
f asion, (See Fig 22.) Thelr presence increases the rate ot corrosion. g Rusiing in

g 1 arine environments is much faster than away from these salty areas.

reactive metals: Where iron contacts a tess reactive mefai, it corrodes faster. eg
- - copper pipe fo a steel frame makes fhe steel frame corrode faster.

More reactive metals: Confact with a more reactive metal prevents iron from corroding.
: gné hne a piece of magnesium 10 a ship’s steel hull prevents the hull from corroding,

mperature: As with any reaction, a higher temperature leads fo a higher corrosion rate.
¢ .

ple method of corrosion control is to apply an inert non-metal}ic coating eg grea‘se,
pr -ty ar porcelain (Fig 23) to the tron or steel s’rrpc‘lgre, Tt_ns works b_\/ t.ex_clt_ldlp_g
Lo iron, thus preventing reduction and so oxidation will n‘m occur ejther. This
A y efl _'_‘!“-IF'_ while the barrier is intact. Once scraiched, corrosion will commence,
metallic coatings, eg copper and in coatings, can also be used 1o cnntr_olk COTI'G_SIUH.
th non-mefallic coatings, these work by excluding 0z and H:0 from the no_n surface.
ver unlike non-metallic coatings, if the metallic barrier is damaged, corrosion occurs
r .I.lfﬂ normal. This happens as iron (heneath) is more reacﬂve than the inert .rneTa!

fing. The less reactive metallic coating causes the exposed iron o hecome anodic and
dised more quickly than it otherwise would.

anising (Fig 24) requires little or no maintenance and its protection lasts for many

Guadation of iwon and reduction of oxygen ocwr at different sites, jusi as in a galvanic cell. Dxygen reduction is favoured at poinis where its concentration is hig
and elecirons are available . This is the cathodic site. tron oxidation is favoured where the oxygen concentration is lowest, or where fhe iron surface is siress

eg a scrafch or edge, This is the anodic site @.

Iron ions (Fe**) forming at the anodic site migraie @ fo the cathodic sife, just as in a galvanic cell. Any dissolved salts (eg NaCl) in fhe water act as a sall bridge (as i

a galvanic cell) and will greaily increase ihe rate of corrosion. Elecirons released af the anodic site flow through the conductive iron @ fo a cathodic sife where
is reduced. The erange/brown product of corrosion, known as rust (Fe:03.xH20), evenlually accumulaies around the edges of the water drop.

Table 1 Reactions involved in $he corresion of iron and the formation of rust

Oxicdation of Fe. This occurs at the anadic site 8, Fe(s) — Fe™(ay) + 2¢

Reduction of 0;(g). This occurs at the cathodic site 9. Dx0g) + 2H:D() + 42” — 40H(ag)

Precipitation of Fe(OH):(s). This occurs as the Fe™"(ag) and OH (ag) ions A s
migrata taward each ather ©. Fe*(an) + 20H(aq) — Fe(OH)xs)
Further oxidation of Fa(0H)(s) forming brown Fe(0H):(s) @

Dehydration of Fe(0H):(s) forming rust Fes0s.xH-0(s). The axtent of
dehydration and thus the formula of rusi varies ©,

Attempt Set 12 # 19. i

4Fe(0H)2(5) + 0s(g) + 2H-0() — 4Fe(0H)3(s)

Eg 2Fe(OH)s(s) = Fex0:.H:0(s) + ZH.0()

? Book Quiz 8.10 @ lucaspublications.com.auy

8.11 Controlling the corrosion of iron

fs. ' invalves coating iron with the more reaciive metal zinc (E° fol'.oxmlahon of
0,76 while E° for oxidation of Fe = 0.44 V). As with non-mefallic and inert me‘ra_ltlc
(is mathod works by excluding 02 and Hz0. However, mo_sT impoﬂanﬂy, as zinc
dise: in preference to iron, due fo iis higher oxidaﬁmj poiential, it will profect ‘rh_e
dertoinz iron even if the zinc is scratched and the iren is exposed fo 0z and H:_O. Tll'llS

I8 :‘i-'IOWI'\ as cathodic protection. Also, the zinc surface naT_uraliylforljws a passivating
ayer o1 2nC0:.Zn(0R): which protects the zinc layer from excessive oxidation.

Cathodic protection using a sacrificial anode: Sacrificial anodes ( F:g 26) are made of
Emetaic nore reactive than iron (eg Zn, Al or Mg). The sacrificial anode is ho\‘rgq Tp the iron
heed < protection and must be in sali bridge contact with the iron. Thus, sacnhqai anorcle:‘
b onl oek in a very damp or wet environment, eg water sforage fanks, ship hu!b 0l
& undezround pipelines. The process works as the more reactive metal pf‘ ‘mersa‘crlﬂcua{
§ anoos (- oxidised in preference to iron. As the sacrificial anode sllowiy oxxd.lsgs |’§ releases
§ elecions onto the iron surface making it cathodic, so preventing ifs oxididafion (only

¢ it oz perodically be replaced for the protection o confinue.

~ CGathodic protection using a DC current involves connecting an iron or steel STlI'LECi‘UI'E. ]
ihz negative terminal of a low voltage DC circuit, (Fig 27 p92.) As the struciure is sgpphe_d
witr, electrons (made cathodic) it cannot oxidise (only reduction occurs at a cathodic site).

I can occur at a cathodic site). As the sacrificial anode is eveniually fully oxidised,

The blasi furnace smelting of iron ore fo
produce 4 tonne of pig iron reguires the
consumption of approximaiely 1 fonne of
coke (O and will produce almosi 4 fonnes
of €0z. Even greater levels of C0; emission:
occur when irai are mining and conversion
of iron to steel are also consicerad.

90 Chapter8

| —

Corrosion control extends the working life of all manner of iron and steel infrastructure (like
pipelines, industrial plants, buildings and bridges) and cansumer products. This reduces the
consumption of non-renewable mineral and enargy resources, while decreasing the amount
of afmospheric greenhouse gas emission (border note) involved in the exiraction of iron’

from iron ore. In this way corrosion confrol confributes fo the sustainability of the iron and
steel industry.

#

¢
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The positive terminal of the DC power supply is atfached 1o a piece of scrap irqn, the anode,
whizh over fime becomes oxidised. Ofher Types of anode, like those maQe 01" c_arba.n_. high
1 sieel or platinum, are longer lasting. With plafinum anodes, wateris ogldlsgd instead
% 12 anode, so these last indefinitely. For cathodic protection o be effeciive, the anode
Mzt e in salt bridge contact with the iron sfruciure being pro?ec_?ed.}Tnus avery damp ar
WET environment is essential, eg steel wharf piers, underground pipelines, water janks and
sheiz hulls,

Wyrw lucaspublications.com.au/

The reduction petential for oxygen i s
agueous solution increases as pH decrea ges.
This means oxygen reduction and hence
carrosion, is more favourable in acidic
environments.

Ox0g) + 2H00) + 4e” ~ 40H (aq)

pH reduction potential E°
D o 1.23 volis
T s DiBZ VOl
y [ ES— 0.40 volis

Figure 23 This child's Iricycle uses paint fo
profect its steet frame from corrosion,

profected

ivon sheet zine coaling

TERE]
Figure Zl-l‘tolrru‘gafed iron sl.ee’ring lit; This
uses galvanising fo prevent iis carrosion.

*%#

Cut away view of a steel solar hoi waier fank.

waier
oul

fer |
—av

in
sacvificlal anode (Mg) bolted to steel tank

Figure 26 This cui-away view of a solar
hot water tank shows how a magnesium
roct (green) is used io profect the sieel
water fank from corrosion. Magnesium has &
much higher oxidafion patential (2.36V)
than iron (0.44V) and becomes oxidised
passing elecirons onfo the steel tank, Thus
making the fank cathodic and protecting it
from corrosion.
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Uhar! pylons. )
ching ,hf,m +o the negative terminal of & DC power supply. Dxygen is reduced on the pylon surface by using eleciran

2 4 current. The positive tecminai of the D power supply is aitached o the sacrificial anode, This causes oxidation fo occur here, Ocean wate
flent salt bridge foc fon flow fo occur behween the rathodic pylons and the sacrificial anacle,

negative ferminal
attached to steel pylons

wharf platform

DC power supply
-~

positive ferminal aftacher
io sacrificial anode

sacrificial anoce

v OCEan
Complete Set
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Set 12 Electrochemistry in action
1. Who comprises the ‘International Partnership for Hydrogen and Fuel Cells in :
Economy’ and what are their goals? 2
Note to students 3

ot the follo

Ma 2. Everyday commercial galvanic cells can be classified as primary cells, secondary
and fuel cells. Give an example of each and briefly describe how they diff

(See 'note to students’ at left.)

(5%

While the alkaline cell is considered to be superior to the dry cell they do share ma
common features. The overall discharge reactions for these two cells are shown here

Dry cell: 2Mn02(s) + 2NHa™(aq) + Znls) — Zn**(ag) + Mn20s(s) + 2NHz(an) + H.0
Alkaline cell: Zn(s) + 2Mn0xs) — ZnO(s) + Mna0s(s)

Answer the fotlowing questions about the operation of these celfs.

a. Both of these cells are referred fo as primary cells. What does this mean?

b. What is the oxidising agent and reducing agent for each of these cells?

¢ One probiem with the dry celt is the inclusion of NHaClin the electrolyie paste.

?.‘ What is the role of ammonium chloride in the dry cell?
ii. Why does its presence reduce the shelf life of these cells? Support your answer
with fhe aid of an equation.
d. D‘ne reature of the alkaline cell is a parous powdered zinc anode. How is this
different to the anode of the dry cell?

€. Thg alkaline cell is suitable for applications like the power supply for a camera flash
unit Wi‘lE!‘E a high current is required. Devices with high current demands essentially
require a fast rate of supply of electrons. Write the anode half-reaction for both
'ihe.ciry cell and the alkatine cell. Refer fo these equations and explain how the
design of the anode in the alkaline cell atlows a greater current fo be produced, ie
allows a faster rate of production of electrons, than the dry cell, |

Another feature of the dry celi that limiis its ahility to produce high currents is the

fm‘ma_ﬁon of ammania gas within the cell as it discharges. Explain why ammonia
gas will form as the cell operates. Use an equation to support your answer.

o

35 a SOUrce of energy, mcluding
primary cells [for exampie, e Leclanché
cell), secondary cells (for example, the
lead-acid accurnulator apd fuel cells (for
exarnple. the hydrogen fuel cell

gate gudande on | matter yau

Y eacher an
tothe curre Chemistry ATAR
Course Year 12 syllabus’

i refer

10 the

—h

4, Whafr disposal problems are associated with sitver button cells and lithium cells? Do
a!lgaime cells and dry celis have similar associated disposal issues?

!
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[ithiu
faline !>

B ite the O . . :
;Vorfenf;;i for each half-reaction. How would the different axidation potentials of
hese two elements

o the ener

& Explamn w

Ewheel chairs,
§ imited
Wizt design feature of the anode and cathode allaws the lead-acid batiery fo
oroduce high currents, ie fast reaction rafes?

The oxidation of one mole of lead in a lead-acid hattery can produce as much
-urrent (flow of electrons) as the oxidation of one mole of zinc in an alkaline cell,
Haw does this one factor alone affect the mass and hence energy density of the
\ead-acid battery compared to an atkaline cell? Explain.

The lead-acid cell is a secondary cell. Why is this an imporfant feature in its use for

iator vehicles and electric vehicles? _
Describe the difference between a lead-acid cell and a lead-acid battery?

Lead-acid batteries are able o be recharged (Fig 28) by attaching the elecirodes o a
hid

now

. Lithium-ion cells have now replaced lead-acid hattery fechnotogy
ac the cell of choice in many fypes of eleciric vehicles. VWhat
features does the lithium-ion cell have that make it suited 1o This
use and what significant advantage does the lithium-ion cell have

over lead-adid cells in this type of application? Explain.

www lucaspublications.com.au/

The energy density of a galvanic cell may
he defined as the energy available per uni
mass of the cell (eg k) kg™") or as the
energy availahle per unit volume of the cell
(eg kIL).

The total amount of elecirical energy
available from a cell depends upon the
voltage if can produce, the size of current
and lengfh of time for which i can confinue
fo operate.

(4 cells have a much higher energy density, up fo 3 fimes more fhan

(See border note.) The following guestions refer to these two cell fypes.
ol Types Use Mn0:(s) as the oxidising agent. What is the reducing agent in
£ these cells?

Jidation half-eguation for lithium and zinc and give the oxidation

contribute to the voltage of the two different cells and hence
gy available from fne fwo cell types? (See border note.)

e af lithiurn mefal in a primary lithiurn cell can produce the same electnic
‘--':f.r ihe same length of time as 1 mole of zinc in an alkaline cell. How does
5 . tor confripute fo The energy density (in terms of available elecirical energy

o oram of metal) of the twa cell types? Explain.

hy lithiwm cells cannat contain water as the electrolyie solvent.

v are lead-acid batteries classified as hazardous waste?

moartant feature of the lead-acid secondary celi is its ability to deliver a high

-ent flow for long period . ; ‘ .
or vehicle ignition systems and as a power source for electric vehicles like etectric

<. This has made the lead-acid hattery an ieal choice for

forklifts and golf carts. Unfortunately their very low energy density has
their widespread use as & power source for electric powered vehicles.

Figure 28 Recharging a secondary cell.

A rectifier transformer
supplies a DC current.

swer supply. The anode (=) of the cell is connected fo the negative terminal of the

;\‘ supply while the positive ferminal is attached fo the cell's cathode (+). This o
-auces the discharge reactions af each of the elecirodes to occur in the reverse The discharge cathode Y 3
direction. An undesirable side reaction that accurs during recharge is the electrolysis géamll‘e}g ;[)v:: Strtacheu
ot water. The following questions refer to the recharge of a lead-acid call. e \

\Write the recharge half-equations for the anode and cathode when a lead-adid cell oy

is heing recharged. Nate: The anode and cathode refer to the electrodes as labelled
during discharge of the tead-acid cell.

How does the composition of the anode and cathode change during recharge and
ihus explain why the cell is now considered recharged.

Recharging the lead-acid hatfery of an eleciric wheet chair increases the enthalpy
(stored energy) of the cell. Where does this energy come from?

Describe what happens fo the electrolyte pH as a lead-acid cell is recharged? Rint,
consider the overall recharge reaction.

Why is it important to regularly check the water level inside a

lead-acid hatiery?

Why might it be dangerous fo recharge lead-acid hatteries of a
dozen electric golf carts in a confined unventilated room?

Figure 29 Tesla Model S. This All-Wheel Drive Dual Mofor eleciric vehicle
uses lithium-ion hattery technology. It is capable of accelerating from zero
fo 100 kph in as litile as 3.4 seconds and has a range of up o
502 kilomefres. Image courtesy Tesla Moiors, Inc: Alexis Georgeson.
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Sarming sofuble Agl: 05

mrptm fs achleved usi
solible comptex ion Ag(CN). This help:

ng

Yo produce a high quality siver plale. There
are, however, 3¢ afety and wasle
disposal prabiems associatad with the use of
vanide 1ons. CMN7. Exposure to low
cancentrahons of cyanide can he leihal,
e 15 an allernalive and safe procedure
rmoniuim efhanoate instead of

cyarme 10N,

Figure 32 Star picket fences like this are
commonly used for rural Ausiralian farm
and paddock boundary fences,

A star picket in (]
darmp sally spil.

Figure 33 Part of the assembly used for
calhodic protection of an underground gas
pipeline.

DT power supply sacrificial anode
- 4

gas pipeline
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" 13 Electroplating of silver is used fo protect and beautify metallic objects like tas
cutlery and jewellery. (See border note.) The technigue involves electralysis o
reduction at the cathode produces a thin film of metallic silver on the object fo e |
A simple cell for electroplating silver uses a diluie silver nitrate soluﬁon‘ as
electrolyte wiih a silver metal anode. Oxidation of the silver anode replaces silverg
which are reduced af the cathode.

a. With reference to the information given, sketch a simple electrolysis cell that ¢
be used in the laboratary to electroplate silver onto a copper medallion, Lahé
maferials in the cell, the anode and cathode, show the polarity of the power su
indicate fhe direction of electron fiow hetween the elecirodes and power supply
show the direction of motion of the silver ions.

b. Using the given information, determine the hatf-reactions occurting at the angg
and cathode of your silver plating cell. For each electrode, write the equatio
fhe half-reaction occurring and describe the changes you would expect to obse

19. A wheat farmer erected a fence through one of his paddocks using ungalvanised m
steel sfar pickets (Fig 32). Some of the sfeel posts were in damp salt affected soil wh

others were in higher ground that was dry and unaffected by salt. Less than a year (afeg

he noticed all of the posts in the damp salt affecied area had developed a crumk
orange deposit af the hase where the pasts entered the soil. The other posts remain
unaffecied.

a. Name the process that had occurred to the posts with the crumbly orange deposi

b. What substances had contributed to this process? "

¢ Write the oxidation and reduction half equation for the corrosion process.
What was the role of oxygen, water and salt in the corrosion of the [posts,
Indicate on the sketch at left (Fig 32) where oxidation, reduction and rust build
waould be most likely to occur, Give a brief explanation for where each occurs.

20. The farmer (from ©19) is planning another fence that is to go through similar ferrain whe
approximalely a guarter of the land is damp and salt affected. This time the farmer want
to prevent his star pickets going rusty. He is considering using either painted ($9.90
each) or galvanised ($12.65 each) star pickets. Explain how painting or galvanising of
ihe star pickets affects their corrosion and make a recommendation fo the farmer. ;

i

. Corrasion in old oil and gas pipelines is a major cause of their faiure and leakage. 0
common method of profecting underground pipelines is fo coat them with a wrappin
of waterproof hituminous paper. The pipetine is then mace cathodic using 2 DC
;urrent The cathodic protection circuit is completed by burying an anode mad; of an’
iron silicon alloy and attaching it to the same power supply so that it is made anodic.

a. Complete the ske_Tch_aT left (Fig 33) fo show how the power supply should be 3
connectad fo the pipeline and the buried anode so that the pipeline is protected from =

corrosion.

b. How dges the waterproof hituminous papet wrapping assist in the corrosion &

protection of fhe gas pipeling?

.. Explain how the use of an impressed DC current, prevents the stesl gas pipeline
from corrosion.

22 in' i i

22, A‘shlp s hull can be protecied from corrosion by using various paint coatings along
_w;’rh sacrificial magnesium anodes, These anades are attached at various
intervals on the ship's oufer hull.

a. Explain how magnesium anades like this can profect the steel hull of a ship from
carrosion.

b. What regular maintenance is required with this fype of corrosion protection?
Explain, '

C .AI"IeTals lﬂ:_e nickel or lead would not be suitahle for use as sacrificial anodes on steel
hulled ships. Explain what would happen if such anodes were used.

d. The salty aqual’ﬂc envira#ment surrounding an ocean-going ship’s hull will greatly
enhance the rate of its corrosion. Explain why this happens.
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A simple elecirolysis cell for electraplafing silver onto a copper medallion.

+|‘—

h. Cathode half-reaciion:  Ag'lag) + & — Ag
Ohservation: A silvery solid forms on this electrode,

Anode half-reaction: Aglsi — Ag'lag) + &
Ohservation: The silvery electrade toses mass s it dissolves,

direction of
“ eleciron flow

direciion of
electron flow

Ag(s) (anode)

0.9 ol L medallion fo be
AgNO:(aq) - plated (calhade)
rnavement of Az 1ons
: ¢ reducior
a. The process s Corrosion. e. Reauchon  of  oxygen i

occurs in fhe oxygen rich
areas having  electrical
and sell bridge contact
with fron. Iron oxidation is

h. The process of cormsion requires oxygen, waler and a metat like iron that can be oxidised. The
presence of dissolved salfs and an acidic environmeni also enhance ihe corrosian process.
. Dyidation half equafion for corrosion of iron: Fe(s) — Fe™ (ag) + 2¢

rust build up
mosty here

Reduciion nalf equaion for corrosion: 0:08) + 2H:0(1) = 4" — 40H (aq) favaured in damp areas -

A n o 1) BALRIS AR N
d. Oxygen is ihe oxidising agent (ifs O.N. changes from O to -2). Satt acis as an efecirolyle. In  Where oxygen concenfizion st kel
solufion it forms a salt bridge between fhe cathodic and anodic sifes. The presence aof ar ic low or where the mefal iR i

elecirolyie greatly increases the rate of corrasion. \Water s a solvent for the elecirolyfe and is surface has  been
also involved in the reduction of oxygen, though it is neither oxidised nor reduced. scratched or damaged.

(et non-mefallic coatings like paini, work o pravent corrosion by exciuding 0z and H,0 from iron, This prevents reduction and so oxidation can't occur either,
This method is only effective while the paint is fully intacl. Once scratched, corrosion will commence. As maosi painted surfaces can become damaged within
a few years, then this is only a short term method of preventing the star pickets from being corroded. Galvanising uses a coafing of ihe more reactive retal
zine (E° for axidation of Zn = 0.76 V while E° for oxidation of Fe = 0,44 V) on the iron surface. If works by exclucing 0= and Hx0 (as with painting). impartanily
though, as zinc oxidises in preference to iran, due o iis higher oxidation potential, it will siill profect fhe underlying iron, even if it becomes scrafched, expasing
iha iron surface 1o 0s and H-0. This is due fo the cathodic proiection of iron by the more reaciive Zn coating, Qver fime a thin tmpervious layer (passivating
laver) of 70C0:.2Zn(0H); forms on the zinc surface. This profects zinc from excessive oxidation. Galvanising requires no maintenance and its protection lasis
for many years. If the farmer is looking for a long ferm carrosion solufion fhen the benefits of galvanising would outweigh the moderate exira cost, Painfed

pickels may be a suitable oplion for he dry areas that are nof salf affected.

b. Inert non melallic coafings, like the wrapping of watemproof hituminous paper, worl: fo prevent corrasion by
excluding 0 anct H:0 from iron, This prevents reduction and so oxidation can's oceur either. This method is only
efferlive while the barmier is fully infact. Once damaged, or if water and salfs pass Through the barvier, then
corrosion will commence, Hence fhis is only a short term method of proteciing the pipeline from corrasion,

¢. Cathodic proteciion of the pipeline works by atiaching it fo Ihe negafive terminal of a DC circuit, As
iron in the pipeline is supplied with etecirons fram the power supply, ie made cathadic, then it can't
oxidise. Instead only reduction occurs along the pipeline surface. The + ferminal of the DC power
supply is attached to a piece of scrap iron (or some other metal) which becormes the anode and will
be oxidised over fime. For cathodic profection io be effeciive the anode and pipeline must be in salt
hridge contact. Thus ihe soil needs to be sufficientty damp ofherwise anodes need 1o be placed at
sufficiently close infervals fo maintain profection.

a. DC power supply sacrificial anode
- +

gas pipeline

a. Sacrificial anodes, like the magnesium anodes on the ship’s hull, are made of metals more reacfive than iron (eg Zn or Mg). The sacrificial magnesiurm
anodes, balied to the steel hull, become slowly oxidised, releasing electrons that keep the hull cathodic. The surrounding sea waler provides an excellent
satl oridge contact befween the anodic magnesium and cathodic steel hull. The process works as the more reacfive magnesium of the sacrificial anode is
axidised in preference fo iron. As the magnesium slowly oxidises it supplies elecirons fo the sieel, making if cathodic, so it can't oxidise. Only reducion can
accur on the steel surface of the ship’s hult as this surface has been made cathodic at ihe expense of magnesium's oxidation.

h. Both the paini and sacrificial anodes will need maintenance. As the paint deferiarates with fime, sea water and oxygen malke contact with the iron surface
and begin the process of corrosion. Thus rapainfing ihe hull will be a regutar requirement of this corrosion confrol system. Also, as the sacrificial magnesium
anodes are eventually completely oxidised they must be periodically replaced for ihe projection fo confinue.

t. Altaching a fess reactive metallic maleriat file nickel or lead will increase ihe rate of corrosion of the ship's hull, This happens as iron from the hull is more reactive
fnan either nickel or lead. AS a result the iron becarmes anadic, axidises and supplies elecirons io 1he piece of nicke! or lead making them cathedic. This sifuation is
Lndesirabile as it makes the ships hull anadic causing it to corrode more guickly than normal while giving cathodic profection 10 the nickel or lead pieces.

d. Oxygen rich sifes on fhe ship’s hull occur near the waterline. Reduction of oxygen is favoured here. Below the waterling, where oxygen conceniration is
iawer, oxidation of ihe iron huli is favoured. For this process fa be effective the anodic sites below fhe waterline must be in good salt bridge contact with
ihe cathodlic sitas near the waterline. The presence of dissolved salt in seawater enhances the raje of corrosion by providing an excelient salf bridge confact
lyeiween these two areas.
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Sef 13 Stoichiometry: Quantities in chemical change

LA R

B

Q) = -::ﬁ %Al = 5%19 =54 mal (25F) * The coefficients in the equation show the matar amount of Cis 1.5 fimes (3/2) that of Al0:.

n{C0,) = %x n{Al) = % = 4.4 mol (2SF) #  The coefficients in the equation show the molar amaunt of €0y is 0.75 times (3/4) that of Al
The stoichiometric equation shows that for every 4 moles of aluminium (108 g of if) extracied from alumina, 3 moles of C0; gas (132 g of i) is also
praduced. This does nat fake info account any (0: gas resulfing from mining, fransportation and energy praduction requirad fo operate the pracess. Thus
the consumption of 1.0 kg of AL(37 mole of i) by the construciion indusiry has an Lpstream graenihouse emission of at least 1.2 kg (28 mole) of COx(g).

n{CeH0s) = = 155 _pss0mol (35F) The molar amount of CgHi=0scan he used 1o find the amount of C:H:OH produced.

M 18096

n(CHsOH) = _2_}\ n(CeHio0s) = 2x086 _ 1.72mol  (35F) *E *Coefficients from a halanced equation are exact numbers and as such have an

) i ¢ : unlimited number of significant figures. These place no resiriction on the number

A(C0s) = 2 xn(CeHnle) = 2218 32 mol  (25F) of Stgnificam fig_urg; appearing in the final answer, See the appendix section for
1 1 rules on using sighificant figures.

m(C0) =nxM=32x4401=1400g or 1.4x10°g (25F) )
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