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5.4: Deposition of Iron

5.4: DEPOSITION OF IRON

« Need to study this reaction-Rusting of iron

% Conventional analysis-Overall reaction-“Fe**+ 2e — Fe” Two faradays current
for every one mole of iron deposited from Fe?*.

% One can look for the transfer coefficients and electrochemical reaction orders.

¢ The anodic Tafel slope of the plot of “A® vs logi” OR “(n vs logi)” was found

to be 0.04
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i =ioe *™/RT (Anodic process) \_‘%
Ini = &nF/RT + Ini, «»F”
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+»+ Similarly the magnitude Qé the €athodic Tafel slope of the plot of A vs logi

(n vs logi) was foungf be” 0.12
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NOTE: The conventional plot should be log i vs 1 . In which case the expression for
slope would be the reciprocal of what are mentioned above.

K/

« Therefore, the rds occurs once per the occurrence of the overall reaction since,

v=l.

X/
L X4

The discharge reaction was found to be is 1 order with respect to Fe?* and OH- .

X/
L X4

Thus the mechanism proposed for iron dissolution reaction must account for the
following :

<0?: 1V, ; =15, v =1, The reaction order: pon™ = 1(on both direction) and
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5.4: Deposition of Iron

prt =1
% Consider the following mechanism.
Fe’*+ H,O 2 FeOH' + H* eqconts Kj ....... (1)
FeOH* +e &2 FeOH eq conts Kz ....... 2)*
FeOH + H"+ e &2 Fe +H>O eqconts Ks....... 3)

Step-1: Fast chemical equilibrium
Law mass action & Equilibrium constant
Step-2: Slow electrochemical equilibrium-RDS (Actual rds)
Anidic & cathodic currents are not equal; Nett current is not equal zero
Step-3: Fast electrochemical equilibrium
Anidic & cathodic currents are equal
The equation for the multistep step reaction l%
<« > Ay
i= io[eaF MRT _ -0 Fn/RT] \)Yy
NOTE:- 4\'{’*
Yy
» Equlibrium step (RDS) nett c.d iﬁs@ﬂo, if it is electrochemical
» Equlibrium step (Not RDS) n%tzt:; is zero, if it is electrochemical
I.Assume STEP-3 as RDS. ~ -

Rate = Rate of rds % itude of net c.d. of rds ,

Irds = 1a- 1c Q\V

i = 1.F[ k3(1- Oreon)e!' ® APF/RT _ 13 Opeon [H e PAPF/RT) .. 4)

=1.F[Kk-3e1"PAPFRT_k3@pcon[H*]e PAPFRT - forop.on<<] vouvene (4a)

Step-3 assumed to be RDS. Hence net current is not equal

The intermediate FeOH could be considered as a precipitate .Hence,the surface
of Fe will be covered with a coating of FeOH. Therefore, the activity of Fe will not be
one.But (1-Or.on) and the activity (concentration) of FeOH will be Or.on.

Note: Or.onin equation-4(a) must be eliminated.

The 2" step is a fast electroequilibrium electrochemical process vo=v2or iz = iz
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5.4: Deposition of Iron

k-2 ©Fcon e P AF/RT = [ [FeOH e PAPF/RT L )
The species FeOH" will be in solution

Orcon = Ko[FeOH*]e PACFRT ©

The concentration of FeOH* can be determined from the chemical step-1. (Eq-1) as
follows:

[FeOH*] [H*][Fe**]" = K

Therefore, [FeOH*] = Ki[H'[Fe**]............c........ (7
Hence, substitute [FeOH*] = Ki[H*]"/[Fe?*] in eqation-(6)

orcon= KiKo[Fe? |[H| e 2®FRT (8)

Substituting for [FeOH*] & ©rcon in equation-4a é .

i = F{ks e(I-PACF/RT _ 1, Kle[Fe%]ﬁD%e-BW/RT Voo, 9)

The dissolution reaction (cathodic reactio%oyrder looks to be zero w.r.t. H* & OH"
¥

and 1 w.r.t Fe>*.
But , it has been found to b&wst —order w.r.t H*.
Moreover, the final eq@ could be written as

i=1i, [e(l-B)Q?@ - e-(1+|3)T]/RT]

Hence, (T: 15 and oT =1V
But, the values have been found to be
<« >
o=1%anda =12
“Therefore STEP-3 is not rds !!!!”.
I1. Assume Step - 2 as RDS.

Fe’*+ HO €2 FeOH'+H* eqcontsKj .........(1)
FeOH* +e &2 FeOH eq conts Kz ....... 2)*
FeOH + H"+ ¢ &2 Fe +H2O eqconts Ks.........(3)

The B.V. eq for the rds (step-2) is

i =FKk ,0;.0n e(1-B)AQF/RT . k, [FeOH"]e “PAGF/RT for Oreon<< 1 ....(4)
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Step-2(slow electrochemical equilibrium) is assumed to be RDS. Hence net current is

not equal

NOTE : The terms , 0 FeOH"] in equation-4 must be eliminated

reon & |

From the electrochemical equilibrium step- 3. va =vc

i 1-B)AQF/ RT _ +1e-BAQF/ RT
ie., Fk (1-0, ) e(1-)A0 = Fk,0, . [H'lePA®

FeOH
F k-3e(1_B)A¢F/ RT - Fk39FeOH[H+]e‘BA¢F/ RT ; for Oeon << 1

) _ 1_ [H+]—l cAQF/ RT

FeOH =

K3

| g
HT! = [EH] A‘Yy
w \?,y
Y

[H[OH]=Kw=1x 10" %

1 4

Oron = L [OHIEBM/RT s 5)
K3 KQ&.

The expression for [FeO g‘},Can be obtained as follows:

0
From step-1(Fast chemical equilibrium),

K [Fe**][H"]

[FeOH'] = ; (Law of mass action) ....................o... (6)
[Fe**]
[OHT]
But, [H] = -
KW
K1 [Fe?*][OH]
Therefore, [FeOH | = —  iiiiiirrrrereeeeccccncnnccccen 7
Ky

Substituting for 0 and [FeOH*], from equations-5 & 7, in Eq-4 , the

FeOH
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5.4: Deposition of Iron

B.V. eq for rds becomes

i = kK[OH1e(2-B)AOF/RT _ \>[Fe2][OH ] e -BAOF/ RT )

ooooooooooooo

Therefore, the anodic order is 1 w.r.t : OH > cathodic order is 1 w.r.t both Fe** and OH

Replacing A® by A®D. + 1, and thereby factorizing the exchange current density, ip we get
i = io[e(2-BMF/RT _ ¢ -BnF/ RT]

<« >
Hence, the anodic and cathodic transfer coefficients are o =12 and a =1

Therefore, the mechanism with ¢ Step-2 as rds” is the correct one

Fe’*+ H,O €2 FeOH' + H* eq contsKi .......

FeOH'+¢ o> FeOH el Kooo..... Q)
FeOH +H"+e & Fe + Hgﬁq conts Ks....... 3)

Note: Q ’

:G/D)+r—rB & _&:(_;/{).‘Z?rﬁ

PN

: No. of electrochemical st%{}gefore rds

»

The transfer coefficients can be evaluated theoretically.
§ 1)

A RV Q4

Y: No. of electrochemic }fep(s) after rds

Step-3 rds : Not ok
<« > <« »>
vy=0 ; y=1;v=1;r=1;a=", & a=
Step-2 rds : OK

< »>
y=1;y=0 ;v=1;r

Il
p—
- .
R
I
w
~

Step-1 rds: Not ok

<« > <+ >
Yy=2 ;y=0 ; v=1 ;r=0;0=2 & a=0

HW: Calculate the theoretical Anodic & Cathodic Tafel slope of “Ini vs 11" in each case
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