The EpH module

 EpH calculates and plots isothermal EpH (Pourbaix) diagrams.

 EpH accesses only compound databases and treats the aqueous phase as

an ideal solution.
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Specifying the Cu-water Eh-pH diagram: the Elements frame

EpH generates redox potential-pH (Pourbaix) diagrams using data
from the compound databases that include dilute Henrian solutes.

1° Specify the type of Pourbaix
diagram (1-, 2- or 3-Metal)

File Units Data Search  Help

=101 %]

2° Enter the elements: Cu, O, H
(O and H are automatically
entered). Cu-based species
will appear in all domains.

3° Click the Next >> button
to initiate the data search.

0| =] TIK) Platm) Mass{mal)
— Elements — Parameters
f* 1-hietal Example .. = Fressure
= 2-Metal Example .. lzobar [+ P[atrm]: I[”':' gas]
" 3-Metal Example ..
————— - Constants
b etals: I b
et Temperature < I j'
Nonmetals: o [ | TK: [29815 log0EZ): [-10
Clear | B S —
T-aws log O] Heawis log 0]
—Metal Mole Fractions v vl W vl
— 2-tetal Diagram
max: (1 & max: 15
[ -1 mir; [ 2 mir; .2
— = step: [0 step: [
izl Diagran Labels and Dizplay
= chemical N
I— I— full zcreen
' number SI2E: |-|2 _
e v titles
- Species
[~ gas 0 — Lalculate
[ liquids ] " diagram
IV aquesuz o m[1g - " inwvariant point Calculate »> |
W solids ] List | " detailed paint
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When you click the Next >> button the pure substances databases are automatically
scanned to find all the compounds and henrian solutes formed from the elements.
When you make changes in the Elements frame it is necessary to click the Next >>
button to refresh the system.

www.factsage.com




_Specifying the Cu-water Eh-pH diagram: the Parameters frame

Pressure: The total pressure has no effect upon the EpH diagram. If you specify a total pressure
iIsobar, this will appear as a series of ‘+'s on the calculated diagram. The total pressure is the sum
of partial pressures of all gaseous species and is only computed after the diagram has been
calculated. For example, see the Ti-H-O-F diagram later on.

— Parameters

— Preszsure

Constants: T = 298.15 K.

For a diagram with a non metallic element other than H and O
(Ti-H-O-F for example), it is necessary to specify an additional

thermodynamic variable, Z.

N

lsobar v P[atm]: I[”':' gas)
— Congtantz 4
Temperature < I j‘
TIKY IEEIE.15 agl D[]: |-1|:|
—T-aris — #-anis
Y- | Ehlwoltz] b pH
(max: |22 max |15 h
mir: {4 5 mir; .2 <
\step: 01 step: 4 |
~Label: and Display
" chemical W
ull zcreen
&+ rumber TRl |12 )
" none v titles

/

Axes: Eh(volts): -1.8 t0 2.2, pH: -2 to 16.

The step size determines the axis «ticks» and labels on the
diagram and the density of characters ‘+’ for the total pressure
isobar. A step of 0.1 for the Y-axis and 1 for the X-axis is typical.

A

Labels and Display: Here you can
control the type and size (8 — 20) and
type of labels on the calculated diagram.
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Specifying the Cu-water Eh-pH diagram: the Species frame

Here you select the species to be used in calculation. You may include or exclude
all the gases, all the solids or all the liguids. Unless indicated otherwise, metallic
species are assumed to be pure and at unit activity, molality or partial pressure. You
can also use the input box “m:” to set a common value to all aqueous species. For
example, m = 1x10°. To examine the species or to add or remove a particular
species or change its activity, molality or partial pressure, click the "List" button.

F List - P{atm}, T(K) = 298.15 : 10| x|
— Species File Edit Help
s 0
> F E ' +|Code |A|T| Species | Data| A/P/M | Cprange | G[KJ) | GKcal) o
v oagueous 11 M [1ef LU GEsES -
v List |E| 1 Cufag) FACT = 1.0000E+00 293 - 6000 288.021 £A.839
2 Cu2lag) FACT = 1.0000E+00 293 - G000 413308 93,703
3 CuD(g] FACT = 1.0000E+00 293 - 6000 236,351 56,483
Lt liquids:
1 Cull] FACT = 1.0000E+00 293 - 4000 -0.552 0132
3] Cuz201) FACT | 1.0000E+00 298 - 2000 150,740 -36.028
Cu agueous species:

+ o
R 0000E -0
> + 8 |A| |Cud?E] |FACT | 1.0000E-08
T T R B e [ B T
Cu solids:
+ 10 Culs) FACT 1.0000E+00 238-2001  -9888 2363
_ : + M Cudls) FACT 1.0000E+00 238-2000 168762 -40.335
The concentration of ions e Cu20fs) FACT 10000E+D0 298-2000 198244  -47.381
_ _ + 13 CulDHIs) FACT 1.0000E+00 2981500  -482675 115362
| provides the standard Pourbaix -
> . . . ther gases:
diagram used in corrosion 14 Hig FACT 296000 | 183829 43938
. 15 H2{a) FACT 298-BO00 38930 9304
application. 16 Olg) FACT 298-R000 201186 48.085
17 02(a) FACT 298-B000 61132 14511
18 03(g) FACT 295-FO00 | 71469 17.082 x|
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Specifying the Cu-water Eh-pH diagram: the List window

+|Code |A|T] Species | Data] A/F/M | Cprange | G[KJ] | G[Kcal]

We suppress species 13: Cu(OH), in Cu gases:
1 Cula) FACT ~ 1.0000E+00 298 - 6000 288021 53.939
order to compare the calculated > CuZlal FACT | 1.0000E+00 293-8000 413308 98.763
. . . . 3 Cul(g) FACT | 1.0000E+00 292 - 5000 236,351 BE.483
diagram with one published in the Cu i
. - . 4 Culll FACT | 1.0000E+00 298 - 4000 -0.562 0132
«Atlas of Electrochemical Equilibria 5 Cu20) FACT | 10000Es00 238-2000 150740  -36.028
. . . Cu agueous species:
iIn Aqueous Solution» (M. Pourbaix, | 6 [A[ JCu] [RACT | -
7 [a] |cC
Pergammon Press, 1966) mn-m_
s [A] [Houoa]
. . . Cu zolids:
Click in the + to remove species 13. B FACT 1.0000E+00 298-2001 9888 -2.383
. . Cul(zg] FACT  1.0000E+00 298 - 2000 -168. 762 -400.335
You can also rlght-C“Ck on the «+» & FACT 1.0000E+D0 2952000  -198.244  -47.391
CulOH)2[=) FACT =~ 1.0000E+00 | 298 - 1500 -482 675 115,362
column to access an extended menu 3
Other gazes:
and Se|eCt Cleal’. 14 Higl FACT 295-6000 183829 4393
15 H2(o) F&CT 298 - 6000 -38.930 -9.304
CulOH)2(s) 16 Ol FACT 293-5000  201.18F 48.085
Y 17 02fal FACT 298 - BO00 61132 14611
18 03a) FACT 298 - 6000 71.469 17.082
+ - Selecked {Ins}t 19 OH(a) FACT 298 - 6000 -15.753 -3.765
W - deaws 20 H20[a) FACT 298-6000 @ -298.102 71,243
Y - -axis 1 HOM(a) EACT 299-6000  -BE183 -15.818
> A Ay D Select — Compound Data... or | 21 2o 1=
: . - 306685 -73.300
< Compound Data .. double-click on the species | % & zse 257
=D to view it's compound data. |EEEEETEETT
You can select A — Activity... or Emin
L (26 [A] foWg [FacT]
double-click in the A/P/M column % ﬂ-
. . HOOH[aq) ~ [FACT |
to change the activity (partial lea) ELEM]
. . Dthersullds
pressure or molality) of a species. . 2T HAm FACT . 273 G0 7315
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Specifying the Cu-water Eh-pH diagram: Compound selection

11 aqueous species and
4 solids species were
selected from the FACT
compound database
containing Cu, O and/or
H.

[CEEE———— i
File Units Data Search  Help
0| = H TIE) Platm) Massmol)
— Elements — Parameters
¥ 1-Metal Example .. — Pressure
" 2Metal Example .. lsobar: [ Flatrn]: I[ru:u gas]
" 3-petal Example ..
_— — Constants
tetals: I Iﬁ
EY Temperature < -
e ol o TIK: [258.15 oglOE: O
Clear | Mext »>> | R 30 ek
= Metal Mole Fractions - | Eh[wvalts) e pH
dple hinotions [ Ehlvols) | [ ]
max (22 max: (15
[I j miri: | 8 miri: .2
: steps (o1 stepr 4
=izl Diagram — Labelz and Dizplay
% chemical ¥
I— I— full screen
 rumber sizen |-|2 ;
e v titles
— Species
[T gas a * - gpp Lk — Calculate
=R " diagram

P

o | v 11 m [1e
C AgUEOLE m: |]e-f

—* [V solids 4

" irrvariant point

Ligt |

&+ detailed point

| Fact5age Compound: | 1427 databazes ]
A

Here, only the FACT compound database is included.
See section 9 for inclusion or exclusion of a database.
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Specifying the Cu-water Eh-pH diagram: the Calculate frame

Diagram:

This calculates and plots the
diagram.

Invariant Point:

This gives the precise position of
the triple points where three
domains meet.

Detailed Point:

This enables you to display the
equilibrium activity or partial
pressure of all species at a
specified coordinate on the
diagram.

File Units DataSearch Help

=101

0| = TIE] Platrn) Mass(mal]
— Elements — Parameters
i+ 1-tdetal Example .. — Pressure
i 2-tdetal E xample .. lsobar: [ Flatm]: I[m gas]
" 3-tetal Erample .
— Constants
Metals: I ] Iﬁ
£ Temperature Z -
Nonmetals: [0 1 [ TKL [298.15 e KT —
Clear | Mext >> | % amis S amis
— Metal Mole Fractions w- | Ehlwalts) 5 pH
-|L JIl:,‘l.\:li Dicl'zlldlll —————
max: [z 2 max: (15
I j mir: |1 @ mirt: |2
: step: |01 step: |4
Firlzial Diagrar — Labels and Digplay
I— I— ¢ _chemical : | ¥ full screen
size: Hp
IT' IV titles
Species 2
[ gas i} *x - goo L — Calculate
™| liquids ] " diagram
¥ aqueous 11 m IW - " invariant point fTalculate 53
* [ solids 4 List " detailed point

U

FactSage Compound: ’Tf‘c ¥ databazes

Note the custom (*)
selection of solid species.
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Cu-H,O Eh-pH diagram: Graphical Output

O, (1 atm) line (b) on a conventional diagram Cu-H,0, 298.15 K

2.2

2

1.8

1.6

1.4

=
(V)

E(volts)
R - S S SRS N O S VSN

==
B N

=P
o o

m=1x10"°

Cu — —_ __ CuO(s)

See slide 5.2

4 6 8 10 12

H, (1 atm) line (a) on a conventional diagram

14

16
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Published Pourbaix diagram for Cu-H,O

2 -1 0 1 2 3 4 6§ 6 7 8 9 10 U 12 13 14 15 16
LR 1 ¥ T i

16} | i 11s

14| f i ' 114

12 _@\\\ @ ® @)@@ liz

1l \\\\\\_\ i 14

T4 icuo | los

08} T i 1o

!

Lines form =1 x 10° 0,2
are highlighted in red. : o,
-04
-0,6
-08

-1

-1,2

-1.4

-1,6

| I L . -,

—2-]0l2345'6783{01112131415le6

Fi1G. 1. Potential-pH equilibrium diagram for the system copper-water, at 25°C.
[Considering the solid substances Cu, Cu,0 and CuO. Cu(OH), is not considered.]
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Cu-H,O Eh-pH diagram: Computation of invariant points

F Invariant Points - E{volts), pH, T{K} = 298.15 -0 x|
File Edit
E(volts) | pH | | SpeciesA | | SpeciesB | | SpeciesC
_ (01619 50847 10 Cufs] B Cu[+] T2 CuZl[s]
| > 04096 146431 10 Culg) g CulgZ] T2 CuZe]
—Calculate (01620 50847 6 Cul+] 7 Cu2+] 12 Cu20[s]
 diagram 02690 Go000 7 Cu24 11 Cul[z] T2 CuZ0z]
00875 127328 11 Culls) 12 Cu20[s) 9 HCuDZ[]
deElEd port 01334 131207 8 Cud22] 12 Cu20(s] 3 HCuD2[]
Cu-H,0, 298.15 K
m=1x10"
1625 ——4———F—F———F—+—+—T—"T—T"+—"—T"—"T—"—7"— ———— 1
A very thin Cu* field indeed!
1624 -
1623 B
Cu
1622 B
Cu,0(s)
1621 -
Enlargement of the 2
. . > § 162 F < -
previous diagram &
1619 = < .
.1618 - B
1617 Cu(s) .
.1616 - B
Jdeis L o0 o 0 I S S T T S S S S S S S S
-2 0 2 4 6 8
pH
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Cu-H,O Eh-pH diagram: Detailed Point Calculation

The point calculation gives activities and ideal concentrations for all metal-element
containing species at the specified coordinate, E(volts), pH.

F List - P{atm)}, T(K) = 298.15 =18 x|
File Edit Help
1° Select detalled p0|nt |n the + | Code { T||: Species | Data| A/P/M | Cprange =
U g3zes! —
Calculate frame to open a 1 Culg) FACT | 1.0000E+00 298 - 6000
. . . 2 CuZla) FACT | 1.0000E+00 293 - 5000
Point Calculation dialog box. 3 Cudlg) FACT  1.0000E+D0 298 - 6000
Cu liquids:
4 Cul] FACT | 1.0000E+00 293 - 4000
] Cu20f] FACT | 1.0000E+00 293 - 2000
v Cu agqueous species:

—Calculate ——— — — — ———————————| | R e e — N R
" diagram _ —u — =
" irrvariant point Calculate 35 ” - DD 06
& Heisledon 4@% s L8 L HCW02L] [ FACT | 10000 (¢
Cu zolids:
+ 10 Culz] FACT  1.0000E+00 293 - 2001
+ 11 Cud(z] FACT  1.0000E+00 298 - 2000
+ 12 Cu20[z] FACT  1.0000E+00 292 - 2000
13 CuldH12(z] FACT | 1.0000E+00 298 - 1500 ﬂ
. . Point Calculah
2° Enter the coordinate of interest A e o
and press the Calculate button. oH: dﬁ ( Ea'cu'ateg

The specified coordinate is in the domain of Cu?* set at 10 (the green dot on slide 4.2).

GactSage‘“ EpH 5.2 www.factsage.com



Cu-H,O Eh-pH diagram: Detailed Point Calculation — Output

F List - Cu-H20, T = 298.15K =10l =|
File Edit Help
4| Code { T| Species | Data| A/P/M | Cprange\«
Cu gazes:
1 Culg] FACT | 1.38BE-B7 298 - BO00
2 Cu2(a] FACT | < 1.0E-7O 298 - 6000
K] CuO[g) FACT | < 1.0E-70 298 - BO00
Cut liquids:
4 Cull) FACT | 4.982E-07 298 - 4000
b Cu20l) FACT = B9B9E-12 298 - 2000
Cu aqueous species:

+ o+

>
|_|h[] 4.647E-15
I:u zolids:
+ 10 Culz] FACT  2.153E-05 298 - 2001
+ 1N Cul(z) FACT  2811E-02 298 - 2000
+ 12 Cu20(z) FACT  1.464E-03 298 - 2000
13 Cu(0OH]2(z] FACT | 4.E38E-01 298 - 1500 ﬂ
@ Cul?+
Point Calculation
Elwvalts]: ID.3
pH: IB

Cu?* is the stable species and its activity must be equal to
the molality m specified for the agueous species (here 1 x
10%) — the activities of the other Cu-bearing species are
less than 1.0 for the solids and than m =1 x 10 in our
case for the other aqueous species. The further the field of
a species is from the specified coordinate the lower its
activity.

+|Code { T| Species | Data] A/P/M | Cprange
Cu gaszes:

1 Culal FACT = 1.386E-57 | 23%- 6000

2 CuZ(g FACT = < 1.0E-70 298 - 5000

3 CuO(a) FACT = < 1.0E-70 298 - 5000
Cut liquids:

4 Culll FACT = 4882E-07 | 293- 4000

5 Cu20() FACT = BSE3E-12 | 293- 2000

Cu agueous zpecies:

| 6 [ JCul 465009
ElN
I N 7
Cu zolids:
1] Culz) FACT  2153E-05 298 - 2001
1 Cudls] FaACT  2511E-02 298 - 2000
12 Cu20(s] FACT  1.464E-03 298 - 2000
13 CulOH)2(=) FACT | 4.B35E-IM 293 - 1500
(ther gases:
14 Higl FACT | Z0B9E-47 293 - 6000
15 H2[g] FACT | 7.210E-23 293 - 6000
16 Ofg) FACT | A.F14E-B1 293 - B000
17 O02[g) FACT | 1.B0ZE-33 293 - B000
18 03g) FACT | < 1.0E-70 293 - B000
14 OH(g) FACT = 3.2BZE-37 293 - B000
20 H20(qg) FACT | 3.13BE-02 293 - B000
21 HOO[g) FACT = 3.808E-53 293 - B000
22 HOOH(g) FACT = 3.263E-43 293 - 1500
Other liquids:
23 Hz2011 FACT | 1.000E+00 © 293 - 500
24 HOOHIN FACT | 1.107E-40 293 - 41

Other aqueous species:

23 -
m. HOOH(aq)
IEIN
Other zolidz:
+ a3z T Ha20(z] FACT  FavfZE-0 280 - 273

G‘actSage'“ EpH 5.3
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One-metal Eh-pH diagram with four elements: Ti-O-H-F

Specifying the Eh-pH diagram for: Ti-O-H-F at 3° To Calculate an isobar,
298.15 Kand m[F"] =0.1 (i.e. log,, (m [F ]) = -1). Check Isobar and enter a

value (here, 0.05 atm).
Note: to activate the Pressure
frame, select gaseous species
in the Species frame.

1° Enter the elements. Thisis a 1-metal Ti system
with O, H and F as non-metallic elements.
2° Press Next to search the compound databases.

N i1
File Units DataSearch Help
4° You must enter 2 O =E TIK) Platm) Mass(mol)
lements — Parameters
COnStantS. f( :E: 1-Metal Example .. *[F're&slureh - st
2-Metal Example .. zobar; v atm: I
° T = 298_15 K 7 Fdetal E:-:amEIe.. v e N
® Z =M F 1 = 10_1 Metals: IT Temperature < Im[F[-]] j'
[ ] Nommetaist [0 | [ [F ] TIK) |2aa|.:15 log10Z): 1
Clear | Next >> —r-axiz A H-awiz
—I'-Ins:tal_l'-lzu_:nr:llnsf3 tgllg?;;?:r: Y| Ehlvalts) W pH
5° Select the type of calculation , _ - s iy
E = step: |02 step: |4
and preSS Ca.l C U | ate . 2hetal Diagram ~Labels and Display
& chemica
|7 I I . nEmberI zize: I-g_ :f :IH SerEEn
. . " none v ties
Note: For diagram clarity, we -Species . =
. . . . v gaz 30 * - yee Ll alculate
remove all solid titanium oxides bk Iﬁd@“mt ;
. . v aquBous 10 |-| - inwariant poin ‘Caleulaie 337
TIXOy W|th X > 1 and y > 2_ @E@ M " detailed paint t
FactSage Caompound: Im

GactSage‘“ EpH 6.1 www.factsage.com



One-metal Eh-pH diagram with four elements: Output

Ti-F-H,0, 298.15 K

log,,m(F)=-1, m=1, '+ =0.05atm P__, isobar
1-50 EI L] L] I L] L] L] I L] L] I L] I L] L] L] I L] L] L] I L] L] L] I L] L] L] I L] L] L] I L] L] L] I L] L] L] I L] L] L) I L) L) L) I L) L) L) I L) L) L) I L) L) L) I L) L) L) I E
-
1.25 — . 3
E i + Fo=— 3
3 TiF,(s) . +++¢+§+\ E
1.00 ¢ ++%+\ =
3 + e 3
3 TEL 3
075 e + ++_H_\ ]
3 ++h 3
E T E
= T E
3 +ﬁ% 3
: + . ++\++%E
025 F TiOy(s) 3
2 E— o+,
O 0.00 \\++++ 3
2/ e +++'H‘++ é
L ity 3
-0.25 Tt + 4y 3
TiFy(s) N
\\++++ 3
-0.50 \“'“\++++ 3
\+\++++ E
s T E
T
B
-1.00 3
-1.25 TiH,(s) _E
-1.50 TR TR BT | | IR B BT ] ] ] [T B ] ] [ | .E
-2 1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
pH
™
&ctSage EpH 6.2 www.factsage.com



Two-metal Pourbaix diagram for Cu-As — formation of mixed oxides

We calculate the diagram in the usual manner except we specify two metal elements
Cu and As since we wish to study the formation of mixed oxides.

1° Enter the elements. This is a 2-metal Cu-As system with O and H as non-metallic
elements. We wish to see if Cu and As form intermediate compounds. Each
domain will contain a Cu-bearing and an As-bearing species.

2° Press Next to search the

compound databases.

T=298.15K

3° Enter the temperature:

Fractions frame is
enabled.

Note that the Metal Mole

4° Enter the limits

of the axes.

_ o] x|
File Units Data Search Help
0 | E-’“| m TIK] Platm] Massimol]
—Elements N\ —Parameters
= 1-Metal Example .. = Pressure
* 2Metal Example .. lsobar: T~ Platr]: I'I.EI
= 3-Metal Example ..
e — Constants
b etals: I I : I—_l
Cu |giAs Temperatur < -
Mor-metals: ID_ IH_ I_ v <\T[K]; 29815 log10[Z]: Im—
Clear | G;’Dl T -anis N
—Metal Mole Fractions ﬁ; Ehlwaltz] s
/ 2-Metal Diagram i Q i
R = As/(Cu + Ag) mas 1.8 i
[r1) 00000 < R < 02500 | mire--1.8 it | -
> : s\tep: 01 shep
izl Diagram — Labelz and Dizplay
I— I— @ chemical ; IV full screen
" number sizer [12 ;
K W s v titles
— Species
v gas 1z — Calculate
=i =
) TTCATET LA] o agram
¥ aqueous 13 m [1p - £ irrvaniant point
v solids 11 List | £ detailed point
Fact5age Compound: | 1/27 databazes
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_The Cu-As-water Eh-pH diagram: the Metal Mole Fraction frame

The values 0.25 and 0.40 are the As/(Cu+As) compositions of the Cu-As intermediate
compounds. For example, Cu,(AsO,), has a R value of 0.40 and Cu,;As has R = 0.25

5° Select the range of atomic ratio R = As/(Cu+As). A Cu-rich-alloy is assigned.

6° Select diagram and
press Calculate.

(1] 0.0000 < F < 0.2500
[2) 0.2500 <R < 04000
[3] 0.4000 <R < 1.0000

Note that the all liquid
(non-agueous) base
metal species are
suppressed.

R i
File Units Data Search  Help
0| = H TIE) Platm) Massmol)
— Elements — Parameters
£~ 1-etal Example .. = Pressue
v 2-pdetal Example .. lsobar ™ Platm]: |-|_|:|
" 3-petal Example ..
— Constants
Metals:l I : Iﬁ
Cu_[As Temperature < -
Nonmetals: [0~ [0~ [ TIKE [298.15 botozy [FE
Clear | Mext »>> | R 30 ek
] N
— Metal Mole Fractions - | Eh[wvalts) e pH
max: 17 mas: [15
1) 0.0000 <R < 0.2500 - - HE - )-2
: steps (o1 stepr 4
=izl Diagram — Labelz and Dizplay
I— I— f chemical ; - v full zcreen
 rumber sizen ﬁg ;
e v titles
— Species
v 1z — Calculate
#@ &+ diagram
W oaqueouz 13 mi[§

v zolids 11

Ligt |

" irrvariant point

" detailed point

| Fact5age Compound: | 1427 databazes
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The Cu-As-water Eh-pH diagram: graphical output

The mixed oxide Cu;(AsO,),(s) is shown
— this species could not appear in the
one-metal Cu or As Pourbaix diagrams.

Cu-As-
0 < As/(Cu+

,0, 298.15 K
As) < 0.25 m=1

Cu2++
HsAsO,(aq)

1.6
1.4

Cu2++
Cus(AsO,)a(s)

1.2
1.0
0.8

—
—

+As,05(s)

0.6
0.4

0.2
0.0
-0.2

E(volts)

-0.4
-0.6

-0.8

-1.0 E
If the Cu/As proportion (R ratio) is
changed, those species coexisting with
the double oxide may change. The

Cu(s)+AsHs(g)

w

Cu(s)+HAsO,”

—_—
—_—
—_

Cu(s)+CusAs(s)

CU(OH),(s)+AsO,”

actual molar proportion of compounds in
each domain depends on the value of R.
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The Cu-As-water Eh-pH diagram: invariant points

F Invariant Points - E{volts), pH, T{K) = 298.15 _|EI|£|

Fil=  Edit
E[vults]| pH | | Species A | | Species B | | Species C | | Specie| «
06583 10427 31 As:203(s) 25 H3sz04{ag) 18 Az0[+] 15 Cul2+] | |
04436 -1.0427 | 34 Cu3dsg(s) 3 As203(E 18 Az0[+] 15 Cul2+]
05368 1.0207 | 35 Cu3fa:04]2(s) 3 As203(E 25 H3A:04[aq) 15 Cul2+]
03334 20837 34 Culdsgs) 28 CuZ0[s] 26 Culz] 15 Cul2+]
04035 37670 35 Cu3fa:04]2(s) 23 Cul0H]2(s] 28 CuZ0ls) 15 Cul2+]
03667 25354 35 Cul3fa:s04]2(s) 34 Cu3ds(s) 28 CuZ0rs)] 15 Cul2+]
03880 20263 35 Cul3fa:s04]2(s) 34 Cu3ds(s) 3 Ax203(s) 15 Cul2+]
02215 | 1156583 28 CuZOfs) 26 Culs) 23 Hasz04[2-] 200 AzO4[3]
02430 | 11.5653 34 Cu3ds(s) 26 Culs 23 Hasz04[2-] 20 Az0403] |=
4| I 4

Note the 4 coexisting species at each
invariant point which is consistent with
the Gibbs Phase Rule.

E[wvoltz})] pH | | SpeciesA | | Spe‘c’:ies B | | SpeciesC | | GSpeciezD
06533 -1.0427 31 As203(=) 25 H3AszO4[aq) 18 AsO[+] 15 Cu[2+]
——»{ | 04486 -1.0427 | 34 Cu3ds(s) AN A203(z) 18 AsO[+] 15 Cu[2+] ]

05363 1.0207 35 Cudfd:04)2(5) AN Ax203(z) 25 H3Asz04{aq) 15 Cu[24]

03334 20837 34 Cu3bs(z) 28 Cu20(z) 26 Culs] 15 Cu[24]

04035 31670 35 Cudfd:04)2(5) 23 Cul0H]2(s) 28 Cu20(z) 15 Cu[24]

0.3661 25354 35 Cu3fa:04)2(5) 34 Cudhs(s) 28 Cu20(z) 15 Cu[24]

03330 20263 35 Cudfd:04)2(5) 34 Cudhs(s) AN Ax203(z) 15 Cu[24]

02215 0 11.5653 ) 28| CuZ0(s) 26 Culs] 23 Hasz04[2-] 20 Az04[3]
-0.2490  11.5653 34 Cuddhs(s) 26 Culs] 23 Hasz04[2] 20 Az0403]
-0.0334  11.5653 23 Cul0H]2(z] 28 Cu20(z) 23 Hasz04[2] 20 Az0403]
01530 0 1040700 34 Cuddhs(s) 28 Cu20(z) 26 Culs] 23 Has04[2-]
01323 7743 35 Cudde04)2(s) 23 Cul0HJ2(s) 28 Cu20[z) 23 Has04[2-]
017142 67333 35 CudfAs04]2(s] 34 Cudhs(s] 28 Cu20[s) 23 HAs04[2-]
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The Fe-Cr-Cu-water Eh-pH diagram: input

File Units DataSearch Help

=100 ]

0= 6 TIK) Platm) Mass(mal]
— Elements — Parameters
= 1-Metal Examnple .. = Fressure
= 2-Metal Example .. lsobar: ™ Flatrm]: I[nu:u gaz)
{* 3-tdetal Example ..
— Conztants
b etals: I I I :
Fe JiCr _[gCu Temperature < I jv
Maon-metals: ||:| ||-| TIEE [29215 log1 OEE]: I‘Ilj—
Clear | Next »> | — A — R-anis
— Metal Mole Fractions - | Eh[vols - H
2 etal Diagram T g “ L
max |1 mas (15
I j mir: . miri; .7
steps (o1 step: 4
J-etal Diagram = :
Fi1=Cre[Fe+CreCu) Ri2=Cu/[Fe+Cr+Cu) t':.‘?be:f and [l"sp'a“
1 [oo =P IEIEIE— CREMIEa . V¥ full sereen
o s 3 b % number gize; |12 _
P v titles
— Species
[T gas ] — Calculate
[T liguids ] &+ diagram
[ agueous o [ " irveariant point Calculate 3 |

V¥ solids 3z

Ligt |

" detailed point

| Fact5age Compound: | 1427 databazes
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The Fe-Cr-Cu-water Eh-pH diagram: graphical output and list

E(volts)

Fe-Cr-Cu-H,0, 298.15 K
Cr/(Fe+Cr+Cu) = 0.01, Cu/(Fe+Cr+Cu) =0.05, m=1

62+61+58

62+48+41

41
42
43
44
45
46
47
43
43
50
51
52
53
54
55
56
57
58
53
60
1
B2
B3
64
65
BE
=T
=t
B3
0
1

Fe. Cr. Cu solids:
Crlz]

Cr02[z]

Cr03(z]
Cr203(z)
Cra0dz)
Cra012(z)
Cra0:21(z)

Felz]

Felz2]

Fel[z]

Fez03z]
Fe03(z2)
Fe203(z3)
Feldl4z]
Feal4(z2)
Feal4(z3)
Feal4(z4)
FelOH)2(=]
FelOH)3(=]
Fe203H20]=)
FelCr204(z]
Cu=]

Cud(=]

Cu20[z]
Cul0H]2(=]
CuFeld:2(z=]
[Cud)Fe203)(=)
[Cud)Fe203)=2]
[Cud)Fe203)(=3)
[Cu20)Fe203)(=)

T [Cu20)Fe203):2)
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Loading another Compound database

Click on Data Search to include or exclude a database in the search.
Here, only the FACT compound database is included.

F EpH

=101

File Urits (Data Search) Help
0| = H TIE) Platm) Massmol)
— Elements — Parameters
¥ 1-Metal Example .. — Pressure
" 2Metal Example .. lsobar: [ Flatrn]: I[ru:u gas]
" 3-petal Example ..
_— — Constants
tetals: I Iﬁ
EY Temperature < -
e ol o TIK: [258.15 oglOE: O
Clear | Mext »>> | R 30 ek
= Metal Mole Fractions - | Eh[wvalts) e pH
I pelisn: [ Ehlvold) | [ o]
max (22 max: (15
[I j miri: | 8 miri: .2
: steps (o1 stepr 4
=izl Diagram — Labelz and Dizplay
% chemical ¥
I— I— full screen
 rumber sizen |-|2 ;
e v titles
— Species
[T gas a * - gpp Lk — Calculate
[T liguids a " diagram
V¥ agueous 11 m I'IEE - " rveariant point
* [V solids 4 List | &+ detailed point

| Fact5age Compound: | 1427 databazes
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Specifying the Cu-water Eh-pH diagram: Databases window

EpH can only access the compound databases —
these databases include dilute Henrian solute data.

F Data Search

Databaszes - 1/27 compound databases, 0723 solution databases

Lact SGTE

] ELEM [ eins

FACT O sGPS
O Fact53 O s&TE
O FToxid O 5Gnobl
O FTzalt O 5G=zold
O FTmisc O 5Gnucl
O FThall

O FThelg O TDnucl
O FTpulp O oLIiC
O FTlite O oLiL

Information - EhpH only accesses COMPOUND databases

compounds only
zolutions only
no data

Clear &l |
Select Al |
Add/Remove Data |
RefreshD atabases |

X

Miscellaneous

O corpP [ ExaM O FTL
O FT=al  [] 5G5L ] SGTE=

If a databasze iz stored on your PC but not listed here then it iz not accessible to FactSage.

Click here to add the database to the lizt of files accesszible to FactSage. You will be requested to identify the type
[compound anddor zolution] and the full file name of the database file.

Options

Include

O gaseous ions [plasmas]

Default | aqueous species

[ limited data compaunds [25C)

Limitz

Organic species CaHy.... ¥[max] = |2_

Minimum solution components 0 1 & 2 cpls

Cancel

Concentrated aqueous solutions (for example:
FACT, OLI Solutions) are not accessible to EpH.
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