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3.8.6 Reactividad redox-acidez-complejos-solubilidad, DGPER. Ejemplo (4). Fe™ en
medio complejante de fluoruro.

El Fe(lll) es un cation metdlico muy abundante en la naturaleza e interfiere en la
obtencién de otros metales de valor comercial en cantidades mucho menores. Por ello sus
propiedades redox son enmascaradas solubilizando las muestras minerales con un medio
de reaccion de floruro de amonio concentrado para amortiguar el nivel de complejacion. A
concentraciones de lixiviado se cumple que ayn-ioy). = 1:

Fe(OH), | Fe(OH); |
) )
Fe® =2 Fe**+ 1e- =2 Fe3?* + 1e”
0 0
FeF* Fe(F)}™
HF 2 F-+H?Y

FQ UNAM. Alejandro BAEZA



Se conoce la siguiente informacion (valores redondeados):

log K 2eFe™ _ _qs.

Fe®

log K 1¢F€°" = 13;

FeZ+

log K;f(’é,,)sl =38 | i = 1

logKie(ony,, =15 log K;‘:( it =5 9
Iog K;;’;( F'),?-i = 2

log Kijr =3;
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Para pCo = 2, los valores de pH y pL = pF de transicidon de especies y de estado
estan representados por sendos DUZPE combinados:

HF F

Fe** Fe(OH):!

|| pH
Fe?* Fe(OH).l

8

3 4 5
Fe''F, ‘ Fe''F,* Fe''F2* Fe¥*
>
Fe'F* Fe? pF
>
2
Fe°

FQ UNAM. Alejandro BAEZA



1) lineas guia
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2) pKc'=f (pH):

3

9 10 11 12 13 14

8
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3) Zona definitiva Fe3*:

9 10 11 12 13 14

8
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4) Zona definitiva de los complejos sucesivos :

Fé3+

IN o e S oy

FellF?* + 3H,0 = Fe(OH)3 + HF + 2H*
FG(OH):; l
L:2H
m=-2

6 7 8 9 10 11 12 13 14
pH
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> Fe'Ff +3H,0 = Fe(OH)3, + 2HF + H™

Fe(OH). | 2L:1H
e(OH); -1/

N ————————— - -

pH
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pF’

Fe(OH); !
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11

Fe'F; +3H,0 = Fe(OH);, +3F + 3H™

12 13 14

pH

Alejandro BAEZA
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1) Guias guia Fe(ll):  PF’ s

Fe?*

Fe'F*

1.5

0.5

7 8 9 10 11 12 13

2 3 4 5 6
"

Fe?* " Fe(OH).l
8
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Area de trazado

6
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3
2
1
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2) pKc'=f (pH):
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3) Zona definitiva Fe?*:

pF’

Fe®*

FQ UNAM.

7

8

Fe(OH):!

9 10 11 12 13 14
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pH
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4) Zona definitiva de los complejos sucesivos :

FellF* + 2H,0 = Fe(OH),, + B™ + BE™

2+ 1L:2H
Fe Fe(OH),! o

0o 1 2 3 4 5 6 7 8 9 10 11 12 13 14
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DGPERedox a pF'=1:

6

pF’

Fe?*

FQ(OH))l

/

\

BN B B S e

-

FeIIIFz-i- 1 |:eIII':3

Fe?* Ae"F" /Fe(OH)zl _ pH

) 8.5
Fe°

!

!

v

A

HE | F
3
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1) Lineas guia pe = f(pH):

Fe®

pe s

-7.5

-10.5

-11.5
-12
-12.5
-13
-13.5
-14

0

0.5

15 25 3 35 4 45

55 6 65 7 75 8 8

4

5 9 95 10 105 11

115 12 125 13 135 14

<

Fe'lF,* Fe''Fs Fe(OH)s!
Fe2* \ Fe'F* l Fe(OH)zl . PH
) 8.5 g
Fe°
HE | F
3
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1ro. Fe(lll)/Fe(ll)

1) Zona del Fe3* y FeF?2*:

pe

FeIIIF2+

Fe’*

2 L5 L

-11.5
-12.5
-13

-13.5

14

Area de trazado

L

Eemm==s

»

0.5 1

15 4 25 3 35 4 45 § 55 6 65 7 75 8 8

»

5 9 9.5 10 10.5 11 11.5 12 12,5 13 135 14
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Fe?* 2 Fe3* + le~ K,
~pe=13
Fe?* + HF = FeF?' + le” + H*

s pe =14 —-pH

PHtransc = -1:

-

pH

Fe?t - FeF?*
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2) Siguientes complejos:

FeIIIF2+

FelllF2+
Fe®
135
13

v | Fe’t + 2HF = FeF; + le” + 2H*

pe \ | le:2H

9
8.

: m=-2
75
e

Fe?*

45
4
35
3
25
2
15
1
05
0

»

-2 -15 -1 d¥1 0.5 15 3 25 3 35 4 45 55 6 65 7 7.5 8 85 9 9.5 10 10.5 11 115 12 125 13 135 14
pH

2
-2.5
-3

-3:5
-4

-4.5
-5

-5.5
-6

-6.5
-7

-7.5
-8

-8.5
-9

-9.5
-10
-10.5
-11
-11.5
-12
-125
-13
-135
-14
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Fe’*

pe

FeIIIF20

14
3.5
13

FelllF2+

Fe''F,

———

4

N\

Fe?*

Fe'F*

[

-10.5

-12.5

0.5 15

25 3 35 4 45 § 55 6 65 7 7.5 8 8

»

5 9 95 10 105 11 11.5 12 125 13 135 14
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pH

Fe?* + 3HF = FeFj + le” + 3H"

le: 3H
m =-3
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FeIIIF2+ Fe"'F;

Fesz*
Fe**

- FeF* +2HF = FeF)+ 1le™ + 2H*

¥ le : 2H
7.5 m = '2

:| Fe?*

2 Fe'F*

»
>
-2 <15 -1 -0 0.5 15 3 25 35 4 45 55 6 65 7 75 8 &5 9 95 10 10.5 11 11.5 12 12513 135 1 pH
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\ FeF* + 2F~ = FeF) + le”

” le:0H
Fe(OH)s! | m=0

:| Fe?*
iy Fe'F*

a [
»

-2 -15 -1 -0%° 05 1 15 4 25 3 35 4 45 55 6 65 7 75 8 85 9 95 10 10.5 11 11.5 12 125 13 135 14

i pH
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FelllFb

Fellle4
Fe¥* |L4 |

3 { FeF* + 3H,0 = Fe(OH)s, + le™ + 3H*
;‘E Fe''F,

L le=3H
¥ Fe(OH):! m =-3

0 »

»
-2 -15 -1 -d.)Si 0.5 15 Z 25 3 35 4 45 55 6 6.5 75 8 85 9 95 10105 11 115 12 125 13 135 14 pH

T3 FellF+

-11.5

-13.5
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Fe’* l

\ Fe''F, Fe(OH),, +H,0 = Fe(OH)s + le” + H*

s le: 1H

K N M. =-1

Fe* | Fe(OH)s!

2 15 -1 -0%5 0.5 15 25 3 35 4 45 3 55 6 65 75 8 85 9 95 10 105 11 11.5 12 125 13 135 14 H

Ta Fe||F+

7.5 — S e O L R

Fe(OH):l
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2do. Fe(ll)/Fe(0)

pe

Fellth
FeIIIF2+
3+
Fe | ie |
35
13

Fe®*

__________________________________

Fe(OH)al

2 1.5 -1 -0%° 0.5
-1

15

25 3 35 4 45 § 55 6 65\ 75 8 85 9 9.5 10 10.5 11 11.5 12 12.5 13 13.5 14 pH

Fe'F*

=S

Fe(OH);l
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Fe® = Fe?t 4+ 2e~

K, = 10715
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FeIIIFb»

FeIIIFz¢

Fe” |

o \ FeF, Fe®+ HF = FeF*+ 2e” + HY
: 2e : 1H

HESES NS m=-1/2

Fe’ . | | Fe(OH);!

215 -1 0% § 05 15 25 3 35 4 45 3 55 6 65 75 8 85 9 95 10 10.5 11 11.5 12 12,5 13 13.5 14 H
1

L . Fe'F

5.5 i
P !
6.5 !
7 !
7.5 . 4-

-8 Fe(OH),!
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pe

Fe** |

Feb

Fe(OH);!l

0.5

15

25 3 35 4 45 § S5 6 65

Fe'F*

75 8 85 9 95 10 105 11 115 12 125 13 135 14 H

FQ(OH);l

Fe®
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Fe®+ F- = FeFt + 2e”

2e : OH
m=0
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Felll':b

l Fe''F,*

S Fe® +2H, 0 = Fe(OH),, + 2e~ + 2H*

e ¥ le: 1H

Fe™ . | Fe(OH)s!
- i m = _1

2 15 1 0% 0.5 15 25 3 35 4 as ! $5 6 65\7 75 8 8)5 9 95 10 105 11 11.5 12 12.5 13 13.5 14 pH

1: | Fe“FO

-  Fe°

FQ UNAM. Alejandro BAEZA 26



Felll Fb
FemF1¢

i

Fe(OH);!d

At

25 3 35 4 45 § 55 6 65 75 8 8{S 9 95 10 105 11 11.5 12 12.5 13 135 14
- '

Fe'F*

- )
©
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[pH]pM=2,pL=1
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