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Electrolysis
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Electrolysis

Metallic and Electrolytic Conduction
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Fig. (19-2) : The motion of ions through a solutionis an
electric current. This accounts for ionic (electrolytic)
conduction. Positively charged ions migrate towiduel negativs
electrode, and negatively charged ions migrate towte
positive electrode. Here the rate of migration iseafy
exaggerated for clarify. The ionic velocities amually only
slightly greater than random molecular speeds.
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Fig. (19-4) : In this schematic picture of an electrolysis
experiment, the electrons emerge from a galvaniatds anode
(-) and enter the electrolytic cell at its cathdele where the}
bring about reduction. Electrons are drawn outefélectrolytic
cell through its anode (+) and into the galvamlt at its cathode
(+). If the cell reaction in the galvanic cell isora strongly
spontaneous than the reaction in the electrolytedl s
nonspontaneous, then the overall process is spamuian This
experiment is an example of one reaction drivingtiaer tg
which it is coupled.
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Fig. (19-6) : Electrolysis of molten sodium chlorid.
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Fig. (19-7) : Apparatus for electrolysis of molten sodium chloride

Fig. (19-8) : Electrolysis of molten sodium chlorid. Chloride

ions are oxidized to Glgas at the anode, and Nmns are

=4

reduced to sodium metal at the cathode.
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Fig. (19-9) :

a) Apparatus for electrolysis of molten sodium cide.

b) The Downs cell, the apparatus in which moltenliso
chloride is commercially electrolyzed to produceism metal
and chlorine gas. The liquid Na floats on the densaten NacCl.

Fig. (19-10) : A schematic picture of the electrotyc cell used
in the Dow process for magnesiumThe electrolyte is molten
magnesium chloride. As the current generated byettierna
source passes through the cell, magnesium mepbduced a
the cathode and chlorine gas is produced at théeano
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Fig (19-12) : A diagram showing the electrode reactions during
the electrolysis of water
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Fig. (19-13) : Apparatus for small-scale electrolys of water.
The volume of hydrogen gas generated (left colustwice tha
of oxygen gas (right column).
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Fig. (19-14) : The electrolysis of agueous potassmuiodide.

a) Aqueous KIl is found in all three compartmentshef cell, and

both electrodes are platinum. At the positive etett, or anod
(right), the 1ion is oxidized to iodine, which gives the solutig
yellow—brown color.
2'(aq)¥%® |, (aq) + 2

At the negative electrode, or cathode (left), waterduced, an
the presence of Ohbn is indicated by the pink color of the ac
base indicator, phenolphthalein.

2H,0O(L) + 2e%® H, (g) + 20H (aq
b) A closed-up of the cathode of a different celinming the sam
reaction. Bubbles of #ig) and evidence of OH- generation at
electrode are readily apparent.
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Fig. (19-16) :Electrolysis of aqueous NaCl solution. Although sev
reactions occur at both the anode and the cathode, the end resu
production H(g) and NaOH at the cathode and(@) at the anode.
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Fig. (19-17) : Electrolysis of agueous NaCl solution. Although
several reactions occur at both the anode and the cathode, {the net
result is the production of #§) and NaOH at the cathode and
Cly(g) at the anode. A few drops of phenolphthalein indicator were
added to the solution. The solution turns pink at the cathode, where
OH ions are formed and the solution becomes basic.
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(CuCh)- A 74 30 ;
Electrolysis of Aqueous Cu&l

(CuSQ, NaCl)+ & (0A +& C : F(" (&

D71J CFCuChL# ( OA +& .1 &A(

C&L F D7 @/2 DI/7 ( (-7C(( C&LF

CID7 F(1U d*Cuw* ( (- ( $C ((

4, @ (C Y8 $+Cd7D7 @ ( C '7+d7
g& 1 13 FJ

atanode: 2Cl (agy®& Cl (g) +2e
at cathode : Cli (aq) F28®  Cl(s

2CI (ag) + Ct" (aca® Cu(s) + £l Xg

%& (i +' -
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Electrochemistry (628)

(NaeSOQ) E7F R 7S30
Electrolysis of Aqueous N&O,

=1 H I # ( 0A +& 'F1
& =/H 7\ @ GOEPE B®nPEB CB
C 9s & / /76L (F& @]e

@E&FY '3/ D{Na" ,sd) C& /W .1 "H
C&92& KtUIF/@ $X1J7]9 0;+&/ 'F",
%J 13 b&( # ( ,SF& OH/ @]e 'F1

Fig. (19-18) : The electrolysis of aqueous J$&, produce!
H»(g) at the cathode and,@) at the anode. Bromthymol bl
indicator has been added to the solution. Thisctoditurns blus
in the basic solution near the cathode (where Qhbroduced
and yellow in the acidic solution near the anodéefe H is
formed).

~ U U
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Electrochemistry (629)

Fig. (19-19) : Electrolysis of aqueous BBO, solution tg
roduce H(g) at the cathode and,@) at the anode.

©

E7F R7S 0;K OP! &
H= 8 b)O '() ,A.!"K
2Na’ (L) + 2e%.9948 2Na(s) at cathode
H 'mA,A. 1?2$) 0 h
2H,0(L) + 2e¥%® H, (g) + 20H (ag
0 O03F ( C CIE/k& @%'9 728&M  (
g& 1"( %25 °C'F1(2 x 10" %)

2H,0(L) % H,0" (aq) + OH (a)
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Electrochemistry (630)

H %60 4<  #!)
2H,0(L) % 2H' (aq) + 20H (a)
g0/ ( (4 CLLF C&92& [7#]
2H,0(L) %% 2H' (aq) + 20H (a)
2H" (aq) + Ze%.® H (9)
H \ |I:

2H,0(L) %% 2M* (aq) + 20H (a)
2H" (aq) + 278 H (9)

2H,0(L) %& H,(g) + 20H (ag
E/F R 7S 0; K N@F &

/| OA(+ 0;@ sF1' W &(1i

C 0 @ s (@%) &welL =1 H

0 +1 | '7F10 '7 " H
2SO, (aqp® $ Q@ (aq) +&2

#/ +#>5 ) * (p 1 +>)0 hoO

H<)

2H,0(L) % O,(g) +4H (aq) + 3@
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Electrochemistry (631)

# (OH ] sA"H( 'F1C&L W K t'1H/
%&R 13 b& (
g0 +1 .1+HF# $5 'WO0]"I( L

2H,0(L) 2 O,(g) + 4H (aq) +3e
4H,0(L) + 4e%® 2H (g) + 40H (aq)

6H,0(L) %& O, (g) + 4H (aq) + 24 (g) + 40H (aq

H : Q +85!)

6H,0(L) %:& O,(g) + 4H (aq) + 2H (g) + 40H (aq
gH,Om F& +1(OH, H) D7 ;"( 4>

40H (aqg) + 4H (aqp+® 4H O(L

30A # +& O;H O (95+1 D /4,
NSO, =/H [

2H,0(L) %8 O,(9) +2H, (9
/] \)8 *(O0A +& +1 T -
'F14 8 7.FGA +& ,-0:=/ H
Nb) O ')8#6 *0 *1  *IIJW
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Electrochemistry (632)

FeEEYPEB C 0A  #]" .1 35 - -2]D
D7 L/ % Y (2L OH /TmF@ ( '7
@ 9( F) #"&2 L ,-0R/7 dD/7'9/
@]e 'F1@+N(SO@D/7 -4>U3/P, D/W
#/" 9 [7'9 D7 L/@H) /7Tm F k&
w8l " # (4, j (OH) /7. 1 F )

BA

bA45) O ' )8 ", <$ <$ KEYPEB C
( "02'$C < ' )8 '"()b)y O"'()

, \ 4< qQ%< 1932
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Electrochemistry (633)

(NaOH)E7F @34 * 0 ;
Electrolysis of Aqueous NaOH

& VF W' 9 =/ & '2&# O
&A &(& #'9="c d(Na', OH, H,0)
* E&QAVFW P7 # c&dVFW P7

OP!

(i"/D7C( ( S/I9C&2c [7( -DF
"9 /,:@+R( -6 $D (/[TC @% $
“R( -&L/ N76 $'9P, ?FH ; @45

Na' (aq) + 4% Na(s) b ZFLV
ZHZO(L) + 2e%.8 I_L (g) + 20H (aq) 2§hode =-0.88

C +d7 (# $D[;# 1$99 &JC (;0
N7 (# $5'9D7 ~=/] H [7T# $
“R( ;0 =NH /7# $'9C & L/

N @3T

( S/I9'& 2& /7T (D F'EID7C(
go/ (
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Electrochemistry (634)

40H (aq) %® Q (g) + 2H O(L) +4e wEe. =+0MO0
2H,O(L) %® O,(g) + 4H (aq) + Ze "E. =+ 1.229

- 76 i /P, ?FH D[:# $5] 9 &JC

7 , -0 ; -& d NW&L + JW
' 7 -+ R(' W+ I D, *& 2&
*& 2'&
"/P, 0 +1 # $5 "W +1 D[; O
g- &c :,-0;

Cathode: 2 2H O(L) +2&&® H (g) + 20H (aq) et - 0283V

Anode:  4OH (aqps® O (g) + 2H O(L) 4e EY .=+ 0.40/
2H,0 (L) %® 2H (9) + Q (9) "B =0:83)-0.40 = - 1.2¥
={=B0 12

g¢$Y OA 2& 2 OAFEF
NaBr2 H 7
NaBr + OA # X
SnCh £+ OA # u
Hlf 0A # ]
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Electrochemistry (635)

Na" +e%® Na(s)
Br,(L) + Ze¥.® 2Br (aq)
S (aq) + 2é4®  Sn(s)
Cl,(g) + Ze%& 2Cl (aq)
H'(aq) + Ze%.8 H ()
1,(s) + Ze¥.® 21 (aq)

(635)

gDE %( 1
B . =-2.7V4
Fihose = +1.08
cdrose = - 04
Ehose = T360V
E.. =0.00V

\c,:\ghode =+ 053‘5



Electrochemistry (636)

VLT 34 W

1 0 :+$ /D76 3 C (/D &W x "0 ;
# (0A +& 9'Fl4 >0 R/I@X
/7T# ck&y F C C& RC@y F |/
g0/ (]e 'Fl4&d F

At cathode : Ctf (aq) +2&®  Cl(s
*13 1.1 yF d
g'W+1 8 ( ee'9 "H( *]s'F1C
(1) 2SG (agps® $ @ (ag) +2e
(2) 2H,0(L) %@ Q, (9) +4H (aq) +@
(3) Cu(sps® Cda' (aq) +2e
+HF k& @13 ] ' 7@ NN -i'/P,
# (. I3 ] C4&d F 7
P (y F;@y F &3F 0;:,-+&/T=c
+& &9: @] s ] D/*$7 FIC AY.1
A y F | # +& P L @A

qe .103F yF &d | [/
J='¢c / R | 0 ;@I1)F X W =¢
1S R
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Electrochemistry (637)

& R5()
Practical Applications of Electrolysis
m F@Y &+ )7 Y@=/+ @ E& e
"0 ;X ) + "/ %N A + & 1
C'/"IFH2 +("/@/& +32 C W
+& (O0(CO0O /) " &(C @ /(&
] 1.( /P, (PVC)' /2 + &F& 0 + N 4& d
C c¢c/ ( a"&l 0;'9/8 HF" 2 *&F&;
VA +& 3/TO-/] HIJh | MN@6
&1+H O [/ HJI5] ( -WhIFdO / (&
VA +& &((1C

E7F 74 34
Electrolysis of Molten Sodium Chloride
E7F A)

Manufacture of Sodium

- @F @ =NH (&(" ;-m

'/ 2 +J bd =/]H +(" /k& *%/2L

2 =c¢/ *=/NH ¢c7 M70, @/ F 1 (
*@A&(E& & C ' 0;%3d > (
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Electrochemistry (638)

C (9 'Fl14, @%'9b) 2 =/H MHF1
D1 / ([;8 @CI'1 (- 3L/ NaCl2 H

D] &$4 >U*3] H' /2 C/ D' &Y

2 uc/ @GZBE B& BB CBDown'sCell
D /@ &c -"F1+ ("0 292 K G
+ (" D7 &c O(/ ,%R/7 #/ +A =/H
m F o/K7 ( '/9=/] 12 ?2&M7 ( 2 (d

0A +& D] &%0;% /2IL B/D'" mK/
CB=& ‘12 =/l H'/2 2 HC b& ¢
+ (" DW &c OCalClh] 9 * GZPE BEDBHB
b& ¢ 2 H 92] D7 R cE 92] 0
2 H 921C +J70(580 °CO ~NaCl-CaC}
>3 b 'Flm F +A =/]*@@01 °C)NacCl
4,2 HO O( C ;N +Jtylindrical steel)0 1dwW
10; /k& &c C P " L . (float) I/
it is drawn off into a suitable container) $
le C1+H/P, @oé&; L "H1I2 KtD /
&" &T )F . 1lj, £ &( HD* /" 9
| # H5 C1'&" x* R'"Cl%'&" 2 =/]H
% & 1%2 & ] &L D7 *
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Electrochemistry (639)

' /D7+ R/6 [;4, (25,000 — 40,000£& N
(near sources of H&$22] H X J=/ H u

Anexpensive hydroelectric powe

B6<#6 O <$< <\ + <HADPB (C
" Q !"6 < iLb) OA<I| 5r$ <R >b350
<$§ Q5 (5\VK\N \

(639)



Electrochemistry (640)

Fig. (19-22) : Cross-sectional view of a Downs cell 1
commercial production of sodium metal by electrys molten
sodium chloride. The cell design keeps the sodiathahlorine

apart so that they cannot react with each other.

(640)
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Electrochemistry (641)

E7F 74 30 ;
Electrolysis of Brine (NaCl solution)

(NaOH)E7F @34 * (Cly)4 A)
Manufacture of Chlorine and Sodium Hydroxide

CB=/] H '/2 0A # +& A F +1
g- GPPHB

2H,0(L) + 2CI (aqg) + 2Na (ag)¥%® H (g) + Cl (g) + 20H (agpeNa (ag

=/] H'& 2& @C&2 & @2 -m F

X" >'J  %HJ ( &A&& "&INaOH)

@ & W 1F H +(" & C&2F& 8(" d

E (W ]"( A- & =/ H '&2& +(" |

&3F @h2 @X"( @ o &A&E& &(" O
%  &3F @m&F 1F 0 =&F W $

m F/OAN@Cl# (OA +& D7C t

X" % YD /% (A]lm8FR@®7 ( ONaOH

@ NaOH# & R C (/% 1 ( &aCl
&f PB CBUA &$#d %& N7

2Na(s) + H O(Lp.® 2Na (aq) + 20H (aq) +,H)(g

(641)



Electrochemistry (642)

(i cE " 70; &I$ &1U A &c
*TF" J U4, @UA

oO;=1 H"'"/2 # (0A + & P 97 >
Cl,1 +1 /]e 'F1m KOH)D[;*/F" 3 #
g-+1 s 'F1D (
Cl,(g) + 20H (aq)%& Cl (aq) + OCI (aq) +H O)L

12 # (( ( OA + & # 40
o/l2 &D /7. /12 DI/7I&IMBR @=/]H
# . (NaCl) =/l H '/2 # &G/ @CI
# ( ,-?c/ '"F1 NaOCh)=/] H o/2 &-
p2 ~+N+& G +A dx& ( € /@K6%).
HClorox®
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Electrochemistry (643)

Fig. (19-23) :A membrane cell for electrolytic productiarh Cl,
and NaOH. Chloride ion is oxidized to,@Jas at the anode, and

water is converted to 4gjas and OHions at the cathode. Sodium

ions move from the anode compartment to the cathode
compartment through a cation-permeable membranact®es
(brine and water) enter the cell, and products (@k, H gas,
agueous NaOH, and depleted brine) leave througloppately
placed pipes.
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Electrochemistry (644)

#("d =/1H '/2 OA # ( OA +& l@Zf BB C
"F1*/2 IT" E k& ] s 'F12 Kt'1H/*UAK &
fR/ eUA 0;X, =/] 2>. =lH | T7T#c]e
(1 =H 2>+1 \F- *( 16&p /D$. UA

=/lH '& 2'& mF/ C&92'& 'LH

@ 76 i/ ¢ ]1( -%"=1HD®@ &c -

UA O0;=/]H # fR/I% JL(+A UA 0:X,

0'"( =/lH &l /k& +HF 1 . =/1H G(.(( "
0; 03FNaOH% 2 C&92& mF ( | +1 /D70Wl.1
# (

$

~~
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Electrochemistry (645)

# ( OA +& =/l H '& 2& 2 CJ

P 1FH y dW -=/] &'
%/FdmF/ P, P2L +(" (chlor-alkali industry)
> &IW' ( /8 0;28]D &<0 "&

/| (& )LIC(MD FH/=/]H '& 2& 2 C %
U 5 *Hrank among the top 10 chemicals in terms of prodoy L F
11 — 12 million tonsP "( /8 0;+ PF
O; (sewage)& :& L" (0;2 =c/
? q/ PVC)' /2 + &F&;0 + N 4& &
@extiles)L W @h2 1FO0;=/]H '& 2'&-

Xdetergents) I( ] (
X &cy dw C/ /U GPBPB 3

‘&  2'&- 2 P2 L u (membrane cell

=/ H

3IF. =/] H'"/2 O C # U;" |/

@l (g)2 Kt. "E/ CI''/2 DI7k& @"H(
Kt. # % # /k& @ 3IF +$/ (
"H( 0 3IF C&OH'& 2'&- [7 C&9 2'
(special plastic membrane)$0& d )tb (

j !l *(C 7 &W O(/8C & 2 ( O(/
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Electrochemistry (646)

C (apart)C& HRR 2'& [7 Cl,2 )G
% @b ( 3F. U& =/H [7TQ& O(/

0; 0A #]" .1%! # ( 0;2& 4
Uy (OH)'& 2'& (Na)=/]H /7 *C&3IF

>

NaOHI OA # (b ( 3IFu2$
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Electrochemistry (647)

EA2T A)
Manufacture of Aluminium

&M2W )3 0;k N HF" +N(/ = &F&CWt D7
= 1. % &te2] %'" #8(q8.37% by mass)

D70:f2 ,-+ JD- | BFtWez,, .7

D7. 4>0; ]"*=&F& 7UL( L -A

6 & D (Al,05.XH,0) o/ - = &F& W= $
(aluminaa F& W &F& W '& 7 S&-. 1= &F& W
2 H 92](Al,LOy)C . f <} Q F

0 & &5+ & D70 F@(Z050 °C%' 9 & 1
D eWj D &d=&F& W .1#97C &H
hl 8]".
# -C2 2 )0 /W (2,2 = 10 ;
$ZX Y @ Hd\, Z: (1 (Charles Martin Hall)
@aul Herouh o &-# .1'/ Fd|} : (10 ;
&@ 3/Tv ) C +3 ) F(
0 @= &F&A u r (practical process)
=& . 'C 0(q
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Electrochemistry (648)

b& $2 H(OA +& C(R o &f# - &(1
(Cryolite o &/ (Al,Oy))= &F& W '& 7C
92]0 /(1000 °C) 2 92]' FINaAlFg)
PE 3 BD XJ7P &%$0; o0&/ 2 H

BN

Fig. (19-25) :An electrolytic cell for production of aluminium
by the Hall-Heroult process Molten aluminium metal forms fat
the graphite cathode that lines the cell. Becausdtem
aluminium is more dense than the,®@4-NasAlFg mixture, it
collects at the bottom of the cell and is drawnpaffiodically.

(Pure ALO;703F = &F& W BAW +& D
92]'F1 HF/6 7 (Impractical)0 (1 &tD /
(AI*) + & (0A +& @045 °C) & 1 2

C W+R +)# ¢ ( D7  %A"%& (1 p&
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Electrochemistry (649)

T /,(0&/ ='c dD[;4AI*) [T# $

0 & a#-3/1 QLF Q - Al,O;

& &t # X JW 1
&7C(R D7 C (/Gstill not fully understood)
@ FO>*?) € F C(Complex Anions) 3"
# c *NaAlFs AlLO;+ 1 | d (
@2 H( = && WD ". bF1"3( &W

HI+1 /P, @C&L W Kt. "H( 'F1' n

CO, Kt0I"& 0&; L

gM ( /e [l s 1
2A1°" + 6ev® 2Al
30 +¥% C%® % CQ +6e

2AIF*+ 307 + % C%® 2Al + %CO,
0 e%&"'& W /71 ] sF6D /P,  +1 /k&
0] 2(6'dP2R C670F/,-D &7

1 (Chewed up% 'L H( D[;€®@ L&F
90 &ct ("% + ) ' d U4,
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Electrochemistry

(650)

(up to 250,000 AV6' 9#12 & | @5 — 6 V)x CF

9.0 g of Al)b3; m F/

& + )DA
]1 &Q+"L/,- @'
7= &F& W (écycling)l&F H

4 (1] (=

O +R

5C% %8 D7
+& =&F& W
( I19:; 11W

u

(recycling of aluminium products highly desirable)

. 1#H 0"90 &-
D[; 3 D KW O
+90; *&A J 1
( :
-,-D7 (*JI
&" C = &F& W

&(" : -D[ %61 JI
H&$2 2]H C X 3

a#-3/TD7C t .1
6 &1(0% | N7&F&
C%& %2J | o I&("
(9
D7 1/
CHRA 1 +'L/P,

%2l (

W
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Electrochemistry (651)

E @AX Y 29 0 Z

2' €& G 6 (" d%N FIGB'(" d =& FG(
6 ("d F@/H &(0;(flash)] OAR x&
4A dC C &N IFM6K c &A)5 #(1W O;
8L( 0:=&F&N + /D71J ( C=&FG & +$/
=$C &&lI 2 (0o d. =&FW & +("/0
*of
.1 &'9/kK& @2 : & & EG( 0"&I1 D ¢
PIn/ ( F1J+'L  :& $n: @M9”) & /7 s&
gMg(OH), S&-.1=&FG( &d
Mg?" + 20H %@ Mg(OH,
gC&92'& '2 x( 0;X,] =&FG( '& 2'&-,$n/ e
Mg(OH), + 2HCI %& MgCl, + M0
[ ,-=& FG( '/2 C # .1#H . PIn/(
‘2 H e% '/2 . 1+H/6F ( &c
g0/ i/ 0& +& & (@16 L =&F G(
MgCl, ¥%& Mg + Cl,
%&3 =& FG( D™ .1+H/k&
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Electrochemistry (652)

H8  5A
Electrorefining and Electroplating
Q A b5A)

(Refining of Crude Copper)
0A + & &N( 3&1 C y F; &F "
9 %0 vy F ;D /@6 $C Y837 'F"
@Ag) R @zZm4 @Fe)l .1%/ @%&3
*$&A2 A) @P)C&  @u) -,
0O 6 $C 6&1+H(YyF 09( A )
6 KO01 /2'3( &A 6&& xc_e TT"+H
dO0-6 oJ 0;6F @ \d70;6"&FH +J
M C(R A ) :,-DW &3F& (1 & 2D (M
R -, g F&DN] “(:; -+ C& 2c '/
B&(" ?&C&
+& &%$0:]S 03F &ty F +("/ &3¥F(10;
y F /| O0A # . 1P && &
3F 0 1y C Dle& 7@o0 & |
GOGnBE Bds BB, C2 B
&c # $0A 'L bR/ @+& &(APL 'F1
@C& 2c + N @%T ) NW F'Dy/k &
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Electrochemistry

(653)

- @H( a 9(

23
0: /2,

7 n

S& bJ

3 Als'F1X, D7.12]J

H! 58 @10 * Q 10 5
"L/ (C&2c ' Yy F
C&Eek$SC 6/ %NS &c €J

8 P,
R
8P,

C& 2¢c '/
92] .

2'3

2' 3

iy

D/0 92

%]’
2
4,

ITD]y F

C
0-

D /D7 L¢ &1b ('L
>D]y F 2> E 8 O( |/
@%'9C (@ ,- @C&
I[T# $ 8 O
+H F'UP, C( -

(99.96 %). +H y F

3F C

&t

y F +&

1

e f*frA) e7 -F1
# (-5 ' +&SM P7 @#

P>

+ dW € F b3;C (] a
y F d/4, @ b3/DICKFH¥B $
23 # $ "H C& 2c '/ 7 T
# (0, & /W S& 3 [y F
]sCyF #3 0- &c - &(" &A F L&F ;
# ( 0; ZnC&2c @®e'l A Y .3 (F& ]e
*(Zn* Fe) 7 +Y .1

3 7le 'F1
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Electrochemistry (654)

@-, @ R CF&eD]D" (k c # [ e
0IG&vV " € /K L C C&
%8 &(" K
+H &/3 .~y F &3F D[;@4, L&F
S8yF & u 5 D78 %S&Y ? 8](99.96 %
6&3F 9F( 0:=c Cl &3F +() \@4& #
*& W

0A +& y F &3FHdEs BB C
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Electrochemistry (655)

Fig. (19-27) : Electrorefining of copper metal.
a) Alternating slabs of impure copper and pure eomerve a
the electrodes in electrolytic cells for the refigiof copper.
(b) Copper is transferred through the Cy30lution from the
impure Cu anode to the pure Cu cathode. More eagiljized

impurities (Zn, Fe) remain in solution as catidmst noble metal
impurities (Ag, Au, Pt) are not oxidized and cotless anode

mud.

)

| =4

Fig. (19-28) : Electroplating with copper.The anode is made

pure copper, which dissolves during the electrapdaprocess,

This replenishes the €lions that are removed from the solut

Df

on

as Cu plates out on the cathode.
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Electrochemistry (656)

NH 5 02 7P2

0A +& +A d I d D'(purification) &3
@# N( +& d(Eléctrorefining) &A &3F (
=c¢c C 6&1+H (Impure CopperP3 &G y F
0O A +& &%$0;03y . #ofes)
, C2B0O; (b (03y ™H(03 &ty
# C12 1o0& 5D/ GOnbE BZs bEB
Ncopper sulfatey F / C 0A

E/ly FD[;@ HL"0 3 &G vy F 1J°
+ N ' W « W &"( A. ; M5
+ N ' 70 ; d+ JW) A AZn, Fe)

]"/70 @"H( &c € JO;b3 [;(Ag, Au, Pt)
b ( .1 Xprecious metals)F&e D] "( cd
@O3F y F D".1y F [/7# O03F y
(Zn**, Feé*, and so forthf $5 0; "W /W C
## (0;.3

Anode (oxidation) M(sys® ™M (aq)¥2e (M=Cu,Zn, Fg
Cathode (reduction) €u (aq) +2& Cu(s)
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Electrochemistry (657)

Cy FD"#3 TC(R/O +1 ;4

6&1+H /P, vy F*O3F b ( . 03 &G "H(
99.95 %) F 03 3/1 :,

& (" & YelectroplatingDA | &(@1D

D'"Old &G C12 1@, s &A &3F
+& d. Xelectrolysis)OA +& ='cd $ZD"(

(steel automobile bumperdy>8 2& ="' @# N(
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Electrochemistry (658)
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