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Print version

Lecture #42

Precipitation and Dissolution: Iron &
Predominance Diagrams

(Stumm & Morgan, Chapt.7)

CEE 680 #42

Ferrous Hydroxide/Carbonate Equ.

* Fe(OH),(s) = Fe*> + 20H- 10-14:5
* Fe(OH),(s) = Fe(OH)* + OH- 10-94
* Fe(OH),(s) + OH" = Fe(OH), 10-5-1
* FeCO,(s) = Fer> + CO; 10-10.7
o FeCOB(s) + OH- = Fe(OH)* + €O = 10-3:6

* FeCO,(s) + 30H" = Fe(OH), + CO,> 10-13
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Ferrous Hydroxide/Carbonate Equ.

* Fe(OH),(s) = Fe*> + 20H-
* Fe(OH),(s) = Fe(OH)* + OH-

10-14.5
10-9.4

B2 ool 101
Fe(OH)" + OH- 10
L {FC+ZJ = 10189
[Fe(OH) *H*)

LY ’O’?ﬁ ‘o\\zfq
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Ferrous Hydroxides: a diagram

¢ Soluble predominance diagram
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e Log [FeOH* ] = 4.6 - pH

Constats tom 134 / .........
Snoeyink & . / pr
Jepkins, 1980 14 4 : : :

° LOg [Fe+z] —135- ZpH ’ : : / ...... ..... \\ ..... ...... ..... ..... ,,,,,,

* Log [Fe(OH),] = -19.1 + pH ...... e A ...... N\ ......
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Predominance

Diagram

L\ LogCvspH % .
I For different C .
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Predominance Diagrams: Basics

¢ Soluble species

&)
~—— H,COzdominant —> HCO5~ dominant CO4?~ dominant
— Il 1 L —_— il L il
T T T T 1

T T T T
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~——Fe&?* > FeOH" ——}<«—— FeOH* > Fe?* ——>
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~—— Fe(OH),° > Fe(OH);~ —>|<— Fe(OH);™ > Fe(OH),® —»
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Ferrous Hydroxides: a diagram
¢ Soluble predominance diagram Foros

[
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Figure 8.8  Lines showing the four pairwise comparisons between Fe?* and other
species in the example system. The arrows indicate the dominant species of the pair on each
side of the line. The numbers correspond to the line number column in Table 8.6.
David Reckhow CEE 680 #42 14
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Figure 8.9  Llines showing the pairwise comparisons between FeOH* and Fe{OH),°,
FeCl*, or FeCl,®, and the area of dominance of FeOH " inferred from those lines.
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Fe*?, Cl;, OH" system Il

¢ Final predominance diagram
e Benjamin Figure 8.10, pg 3091
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Predominance Diagrams with Solid Phases

* Consider Ferrous Carbonate & Ferrous Hydroxide
e Fe;=10"
¢ Closed System

* Ona Log C;vs pH axis
¢ Open system
* On a Log pqo, vs pH axis

David Reckhow CEE 680 #42 19

Predominance Diagrams: Guidance |

I:I Benjamin, pg.391

* Multiple levels

Increasing \
Complexity v
No solids | 1 solid 2 solids >2 solids
Only OH complexes Mg(OH), Alumino-
silicates
Ligand complexes too | Fe*?/OH7/ | Fe(OH),,
cr % [|nighcr *
pH-dependent ligand Fe(OH),/
speciation FeCO,4
Complexing and pH-
dependent ligand
David Reckhow CEE 680 #42 20
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Predominance

Diagram
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Predominance Diagrams: Guidance Il

* Three types of lines
» Type A: concerns soluble species only

« defines where the two principal soluble species are at equal
concentration in the no-precipitate zone
« One predominates on the left side of the line, and the other on
the right side
» Type B: concerns one precipitate only
« defines the “precipitate zone”, the boundary between
precipitation and no precipitation
- Where solubility criterion (Mey) can no longer be met
- These depend on total soluble metal concentration

» Type C: concerns two precipitates

« defines boundary between two different solid phases
(precipitates)

David Reckhow CEE 680 #42 22
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Fe(OH), & FeCO, example |

* Type A lines: concern soluble species
¢ Fe*> to Fe(OH)*

« use first 2 equilibria 107 =[Fe”][OH T

« set species equal to [Fe'?]< 107
each other

[OH T’

10°* =[FeOH " |[OH ]

107145 1074 [FeOH "] = 1074
[OH ] [OH"]
10" =10"*[0OH ] = 10_9'4KW /[H"]
[H*]=10"*510410" =107
pH =8.9

[OH ]

Equation #A1

David Reckhow CEE 680 #42 23
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Fe(OH), & FeCO, example I

* Type A lines: concern soluble species
. Fe_(_Ql—I)* to Fe(OH),-

« use 2™ & 3" equilibria 107 [FeOH ' [[OH |
- set species equal to FeOH 14 10-9/
each other = ] [OH |
10—5.1 = [Fe(OH);] -
10 10" [OH ] L |
[OH"] [Fe(OH);1E10"[OH ]

1074 =10 [OH T =10 K2 /[H" T

+792 _ -S5.11n281n+94 _ -23.7
Pl IO A0 Sl | Equation #A2
pH =11.85

David Reckhow CEE 680 #42 24
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Log C;

David Rec

Fe(OH), & FeCO, example I

¢ Type B lines: concern one precipitate
L4 Fe(OH)Z(s)

« First look at Fe*2
and the precipitate

And assuming,
[Fe*?]~Fe;=10-;

Then: pH =675+2.5
25

But Fe(OH)" predominates @ =9.2¢

@ pH=8.9-11.85, so this <
assumption is

26
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® Fe(OH)z(S)

» Next look at
FeOH* and
the precipitate

pH=8.9-11.85, so now this
assumption is valid.

Equation #B1

CEE 680 #42

David Reckhow

Again Fe(OH)* predominates @)

Fe(OH), & FeCO, example IV

* Type B lines: concern one precipitate

And assuming,
[FeOH']=Fe =10,

Then:

pH =4.6+5.0

pH =9.6

27

° Fe(OH)z(S)
« Next look at
Fe(OH)S' and
the precipitate

-

Fe(OH); predominates @
pH>11.85, so this assumption is
valid.

Equation #B2

CEE 680 #42

David Reckhow

Fe(OH), & FeCO, example V

* Type B lines: concern one precipitate

And assuming,
[Fe(OH); [=Fe;=107,

Then:

pH =19.1-5.0

pH =14.1

28
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B Line$§

Log C;

David Rec
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Fe(OH), & FeCO, example VI
* Type B lines for Fe(CO),
¢ Incorporates both a metal (Fe) and a ligand (CO3)

that undergo pH-dependent speciation

« Thus there are certain combinations of species that must be
considered (the 5 below)

« and some that never co-exist and therefore don’t need to be

considered
pHforL | <6.3 | 6.3-10.3 >10.3
pH for M <8.9 8.9-11.85 >11.85
Dominant | Fe*? Fet2 FeOH* FeOH* Fe(OH)y
species iH,covgﬁ L HCO, |HCO, [CO.? CO0,2
pH range | <6.3 6.3-8.9 8.9-10.3 |10.3-11.85 [>11.85
Equ # B3a [B3b B4b B4c B5c

David Reckhow

CEE 680 #42

30
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e(CSH)2 & FeCO,
example VI

* Type B lines
b FE(COB)(S)
« First look at Fe*2 and

the precipitate at
low pH

Fe2 predominates @ pH<8.9, so
the 2 assumptions are only valid in

that pH range: logC, =5.9—log Fe, -2 pH
=59-(-5)-2pH

Equation #B3a ———1___[logC, =10.9-2pH]|

David Reckhow CEE 680 #42 31

1077 =[Fe™][CO;*| = [Fe*a,C,

e(CSH)2 & FeCO,
example VIl

* Type B lines
b FE(COB)(S)
« First look at Fe*2 and

the precipitate at
mid pH

Fe*2 predominates @ pH<8.9, so

the 2 assumptions are only valid in

the pH range; logC, =-0.4—logFe, — pH
=-04-(-5)-pH
Equation #B3b ——————>{log C, = 4.6 pH|

David Reckhow CEE 680 #42 32
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Fe(OH), & FeCO, example IX

¢ So far we've looked at the low and mid range pH for Fe*?
and the carbonate precipitate (lines B3a and B3b, boxed
in table below)

* No need to look at the highest pH range (no B3c),
because we know that Fe*> and CO,> don't coexist as
dominant species

pHforL | <6.3 | 6.3-10.3 | >10.3
pH for M <8.9 8.9-11.85 >11.85
Dominant | Fe*2 Fet2 FeOH* FeOH* Fe(OH);
species  IH,CO, JHCO, HCO, CO,42 CO,42
pH range | <6.3 6.3-89 |8.9-10.3 |10.3-11.85 |>11.85
Equ # B3a B3b B4b B4c B5c

David Reckhow CEE 680 #42 33

107 =[FeOH*1[CO;*]/[OH | =[FeOH *1a,C, /[OH "]

Fe(OH), & FeCO,

example X
* Type B lines
® Fe(CO3)(s)

« Next look at FeFOH*

and the precipitate
at mid pH

FeOH™ predominates @
pH=8.9-11.85, so the 2
assumptions are only valid in

the pH range; logC, =-9.3-log Fe,

Equation #Bdb = =-93-(-5)
David Reckhow CEE 680 #42 I log CT =43 | 34

4/10/2020
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——— 107° =[FeOH"|[CO;*1/[OH |=[FeOH "a,C, /[OH"]

Fe(OH), & FeCO,

example Xl
* Type B lines
® Fe(CO3)(s)

« Next look at FeFOH*

and the precipitate
at high pH

FeOH™ predominates @
pH=8.9-11.85, so the 2
assumptions are only valid in

the pH range; logC; =—19.6—log Fe, + pH
Equation #B4c — =-19.6—-(-5)+ pH
David Reckhow CEE 680 #42 _)I logC, =-14.6+ le

Fe(OH), & FeCO, example XII

* At this point we've looked at the 2 relevant pH ranges
for Fe*> or Fe(OH)* and the carbonate precipitate (lines
B3a,B3b,B4b and B4c, boxed in table below)

* No need to look at the lowest pH range for FeOH*, and
we only need to look at the highest pH range for

Fe(OH);" (no B3c, Bsa, Bsb)
pHforL | <6.3 | 6.3-10.3 | >10.3
pH for M <8.9 8.9-11.85 >11.85
Dominant | Fe*2 Fet2 FeOH* FeOH* Fe(OH);
species |H,CcO, |HCO, |HCO, |cCO,2 CO,2
pH range | <6.3 6.3-89 18.9-10.3 ]10.3-11.85 |>11.85
Equ # B3a B3b B4b B4c B5c
David Reckhow CEE 680 #42 36
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77777//10'1‘3 =[Fe(OH),][CO;*1/[OH T =[Fe(OH);]a,C, [[OH T

Fe(OH), & FeCO,

example Xl
* Type B lines
b FE(CO3)(S)
« Finally look at
Fe(OH), and the

precipitate at high
pH

Fe(OH); predominates @

pH>11.85, so the 2
assumptions are only valid in
the pH range; logC, =

—43.4— LogFe, +3pH
—43.3—-(=5)+3pH

Equation #B5c _I_, =
David Reckhow CEE 680 #42 I log CT =

—38.3+3pH |

Log C,

“/Fe(OH),

David Re

4/10/2020
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Fe(OH), & FeCO,; example XIV

. Fe(OH), K,
* Type C lines: concern o

interface between two
different precipitates
bd FeOH(S) and Fe(CO3)(s)

« First look at Fe*?
and the precipitate

Use for the C1 lines —

David Reckhow CEE 680 #42 39

logC, =-loga, —24.2+2pH

e(CSH)2 & FeCO,
example XV

* Type C lines

 FeOH, and
FG(CO;}(S)
« Both phases exist
- Assumption #1
« First look at low pH

H,CO; predominates @ pH<6.3,

so assumption #1 is only valid
in that pH range: . This
may be further restricted by

Equation #Cla

assumption #1, which can be
evaluated when plotting.

David Reckhow CEE 680 #42 40
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e(CSH)2 & FeCO,
example XVI

* Type C lines
 FeOH, and
FQ(COJ(S)
« Both phases exist
« Assumption #1

« Next look at mid pH

HCOj; predominates @ pH=6.3-
10.3, so assumption #1 is only
valid in that pH range: .

This may be further restricted by
assumption #1, which can be
evaluated when plotting.

David Reckhow CEE 680 #42

T TTTm———

logC, =-loga, —24.2+2pH

=

Equation #C1b

41

e(CSH)2 & FeCO,
example XVII

* Type C lines
 FeOH, and Fe(CO,)
« Both phases exist
- Assumption #1

o Lastly look at high pH

CO;? predominates @ pH>10.3,
so assumption #1 is only valid
in that pH range:

. This
may be further restricted by
assumption #1, which can be
evaluated when plotting.

David Reckhow CEE 680 #42

T TTTm———

logC, =-loga, —24.2+2pH

=

Equation #Clc

42

4/10/2020
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High C;
Combined]l

]
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L

Log C
~
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Ferrous Sulfide

Py,s=10"atm

T T T
102
~ 10
]
s
E 106
8
g
8
1078
Stumm &
Morgan, 1996, 10‘1°5
Figure 7.17, pg.
401
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Table 7.4. Solubility of Sulfides (25°C, I = 0)*

MeS(s) + H* = Me?* + HS™  *K, = KoK,
M,S(s) + H" =2 M"* + HS™  *K, = K K5
Sulfide log *K, Reference
MnS (green) 0.17 Dyrssen and Kremling (1990)
(pink) 3.34 Dyrssen and Kremling (1990)
FeS —-4.2 Dyrssen and Kremling (1990)
(troilite) —-5.25 Davison (1991)
(mackinawite) -3.6 Davison (1991)
(amorphous) —~2.95 Davison (1991)
(pyrrhotite) —5.1 Davison (1991)
Fe,S, (greigite)® —4.4 Davison (1991)
FeS, (pyrite)° -16.4 Davison (1991)
CoS (@) —7.44 Dyrssen and Kremling (1990)
B) —11.07 Dyrssen and Kremling (1990)
NiS (a) -5.6 Dyrssen and Kremling (1990)
® —11.1 Dyrssen and Kremling (1990)
(%) —-12.8 Dyrssen and Kremling (1990)
CuS 223 Dyrssen and Kremling (1990)
ZnS (o, sphaelerite} —-10.93 Dyrssen and Kremling (1990)
(B, wurtzite) —8.95 Dyrssen and Kremling (1990)
CdS  (greenockite) —14.36 Daskalakis and Helz (1992)
HgS  (black) —38.8 Dyrssen and Kremling (1990)
(red) —39.5 Dyrssen and Kremling (1990)
SnS —11.95 Dyrssen and Kremling (1990)
PbS -13.97 Dyrssen and Kremling (1990)
Cu,S —34.65 Dyrssen and Kremling (1990}
Ag,S —35.94 Dyrssen and Kremling (1990)
TLS -7.22 Dyrssen and Kremling (1990)
xhere necessary, values of K,, were converted into *K, by assuming K, = 10™" qb ,
i X he solubility equilibrium is defined by Fe;S,(s) + 3 HY = 3 Fe’* + 3 HS™ + 8% (*K))°.
DandRedaion “For the eguil)i]bﬂ?lm FeSi(s) + H™ = P 1 (I;S’ + 80 :

-1} g
-9} G
Fe S(s)
Cg‘ “4f- o2+
2
Stumm & -6 7
Morgan, 1996, 2 Z”:,n Fe (OH)5(s)
Figure 7.18, pg. -8l é 8
403 2
David Reckhow CEE 680 #42 '102 ;. é |; 110 1‘2
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