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1 Introduction

This open file report aims to present an intercomparison of thermodynamic databases by means of Eh-
pH diagrams, which are practical and useful for understanding geochemical behavior of elements. An
Eh-pH diagram depicts the dominant aqueous species and stable solid phases on a plane defined by the
Eh and pH axes. In an Eh-pH diagram, the solid stability area is related to the saturation condition,
and dominant aqueous species give us fundamental information on sorption and colloid phenomena as
well as surface characteristics of materials. Eh-pH diagrams are thus essential to understanding solute
and radionuclide transport in groundwater.

The most well-known studies on comprehensive Eh-pH diagrams are those of Pourbaix (1966) and
Brookins (1988). The former discussed corrosion, passivation and immunity of materials, while the
latter reported geochemical aspects of the geological disposal of radioactive wastes. These studies
have been followed by many thermodynamic databases.

With the ever increasing CPU power of computers, we have started utilizing geochemical codes for
calculation of complex chemical reactions. Thus, thermodynamic databases have gained importance
from a practical perspective.

Certain geochemical codes enable us to obtain Eh-pH diagrams easily and quickly. With the aid of
software, Eh-pH diagrams can provide us with good insight into the state of the art in thermodynamic
databases and the differences between them.

It should be noted that this open file report presents the Eh-pH diagrams calculated from databases
”as is”, without any critical comments. It should also be noted that Eh-pH diagrams represent
one aspect of thermodynamic databases and databases are often updated, thus this report is only a
snapshot of the present. I would be very pleased if this open file report proves useful in helping the
readers use thermodynamic databases.

2 Databases

Let us compare the seven databases listed below. The first database is generic and popular in inorganic
chemical engineering. The second and third are generic and popular in geochemistry. The fourth and
fifth serve for safety assessment of geological disposal of radioactive wastes, but their coverage of
chemical species is sufficiently wide to be suitable for generic use. The sixth and seventh databases
mainly cover data on radioactive elements, with incomplete data on other elements. The current report
presents only Eh-pH diagrams of radioactive elements included in the sixth and seventh databases.

1. FACT (FACT database) bundled with commercially available software FACTSAGE (FactSage
5.2) (Bale et al., 2002) released by GTT-Technologies.

2. SUPCRT: SUPCRT92 (Johnson et al., 1992) applied with 98 update distributed by Everette
Shock from his website on the Internet.

3. Default database “thermo.dat” based on LLNL (Lawrence Livermore National Lab.) data
0.3245146, bundled with commercially available software GWB (Geochemist’s Workbench) writ-
ten by C. M. Bethke, Illinois University.

4. JNC-TDB (011213g0 and 011213g2) distributed by Japan Nuclear Cycle Organization from their
website (http://migrationdb.jnc.go.jp/).

5. HATCHES (ZZ-HATCHES-15) distributed by NEA (Nuclear Energy Agency) Computer Pro-
gram Services.

6. Databases tabulated in OECD/NEA Chemical Thermodynamics series 1-4 (Grenthe et al., 1992;
Silva et al., 1995; Rard et al., 1999; Lemire et al., 2001).

7. Databases tabulated in OECD/NEA Chemical Thermodynamics series 5 (Guillaumont et al.,
2003) which is the updated version of the same series 1-4.



. StarSuite ps2epsi
List —— .ps

GWB(Act2) Acrobat

LLNL - Distiller lllustrator LaTeX dvips
ps — .pdf .eps .avi .ps printout
INC-TDB CGWB(Act2) ’__
FACT FactSage(EpH) bmp
template template
SUPCRT -
FLASK-AQ intermediate EhpHdraw X window xwd convert
HATCHES e : —_— . xwd .bmp
OECD-NEA file graphics
OECD-NEAupdate

Figure 1: Flow chart of creating this report
Software is in italics. Dot name represents a file with format indicated by extention.

3 Method for constructing Eh-pH diagrams

The present report includes Eh-pH diagrams for the X-H-O system, where X = the symbol of an
element like Na, K. This is the most important system for the chemical description of elements in
groundwater. To understand the geochemical system of the natural barrier, we took account of not
only radioactive elements, but also other elements included in the databases. However, OECD-NEA
databases were excluded due to their restricted coverage of the data on non-radioactive elements.
Total concentration of elements is 107° mole/kg for all diagrams. Such a low concentration enables
us to safely assume the activity coefficient to be unity and impedes precipitation of the solid phases
which hide the area of dominant aqueous species in the Eh-pH diagram.

To avoid unexpected errors during data conversion, databases bundled with commercially available
software and databases distributed in the specific format of the software are handled with appropriate
software to draw Eh-pH diagrams. Databases of the former type are FACT and LLNL, bundled
with FACTSAGE and GWB, respectively. The database of the latter type is JNC-TDB, which is
distributed in three formats: EQ3/6, PHREEQC, and GWB. In this report, a version in the GWB
format was used. For the other databases, namely SUPCRT, HATCHES, OECD-NEA, and OECD-
NEAupdate, the in-house software FLASK-AQ and its companion software EhpHdraw were used to
draw the Eh-pH diagrams.

The drawing method for Eh-pH diagrams is well explained in many textbooks of chemical ther-
modynamics (e.g. Garrels and Christ, 1965). The algorithm for drawing Eh-pH diagrams is not
documented in the commercially available software FACTSAGE and GWB.

FLASK-AQ calculates concentration of aqueous species in equilibrium and moles of stable solid (if
present) on grids into which Eh and pH are divided, the Eh in 0.005 V increments from -0.8 V to 1.2
V, the pH in increments of 0.04 from 0 to 14, and outputs the dominant species and the stable solid.
Companion program EhpHdraw draws Eh-pH diagrams using the output of FLASK-AQ. This method
resembles that reported by Anderko et al. (1997). Unfortunately, since Anderko et al. (1997) did
not describe their method in detail, I cannot compare the two methods. The accuracy of the present
method for drawing boundaries between dominant species or solids depends on the grid size, which
inevitably leads to errors as large as 0.0025 V and 0.02 units for Eh and pH, respectively. The following
subsections describe the method for drawing Eh-pH diagrams for each database. The database name
and software name (both in abbreviation) are concatenated by a slash (Figure 1).



3.1 FACT/FACTSAGE

Eh-pH diagrams are created with EpH of FACTSAGE and saved as a BMP file. This file is used as a
template for the line drawing software Illustrator (Adobe Illustrator) and resized to the common axial
length.

3.2 SUPCRT/FLASK-AQ

The FLASK-AQ input file was created from the output of SUPCRT92. FLASK-AQ creates an inter-
mediate file from which EhpHdraw draws an Eh-pH diagram on the X window system. This Eh-pH
diagram is captured to an X window dump file using "xwd”, and then converted to a BMP file with Im-
ageMagic. This BMP file is used as a template for Illustrator and resized to the common axial length.
An enormous amount of organic species in this database are expressed stoichiometrically in terms of
C, H, and O as basis species. Calculations reveal that almost all organic species are decomposed under
the stability field of water under ambient conditions.

3.3 LLNL/GWB

The Eh-pH diagram is created with Act2 of GWB and is saved as a PostScript file. This file is converted
to a PDF (portable document file) file with Adobe Acrobat Distiller and opened with Illustrator and
resized to the common axial length.

3.4 JNC-TDB/GWB

The Eh-pH diagram is created with Act2 of GWB and saved as a PostScript file. This file is converted
to a PDF file with Adobe Acrobat Distiller and opened with Illustrator and resized to the common
axial length. All diagrams were first created using 011213g0, and S and U data were updated with
011213g2, fixing the erroneous S and U data in the previous version. Visual inspection confirms that
all diagrams other than those of S and U are identical between 011213g0 and 011213g2, i.e., that all
diagrams from 011213g0 remained unchanged except those of S and U.

3.5 HATCHES/FLASK-AQ

The files of EQ3/6 format data bundled with HATCHES are combined into a single file in which some
aux species with the improper keyword ”basis” were corrected. This file is converted to a FLASK-AQ
input file using the in-house software AIST TDBCONVERT. FLASK-AQ creates the intermediate file
from which EhpHdraw draws an Eh-pH diagram on the X window system. This diagram is captured
to an X window dump file using "xwd”, and then converted to a BMP file with ImageMagic. This
BMP file is used as a template for Illustrator and resized to the common axial length.

Organic species are expressed stoichiometrically in terms of the ligand species. Note that this
method differs from the case of SUPCRT/FLASK-AQ. However, this difference does not affect the
Eh-pH diagrams because ligand species are not included in the X-H-O system.

3.6 OECD/NEA

The tables listing the Standard Gibbs Free Energy of formation for the elements in the OECD-NEA
Chemical Thermodynamics vol. 1-4 are entered into a spread sheet and saved as a text file and
converted into FLASK-AQ format using in-house software. FLASK-AQ creates the intermediate file
from which EhpHdraw draws the Eh-pH diagram in the X window system. This Eh-pH diagram is
captured to an X window dump file using ”"xwd”, and then converted into a BMP file with ImageMagic.
This BMP file is used as a template for Illustrator and resized to the common axial length.
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Figure 2: Legend of Eh-pH diagram

3.7 OECD-NEA update

The source database of OECD-NEA Chemical Thermodynamics vol. 5 was processed in the same way
as OECD/NEA described above.

4 Explanation of the diagrams and tables

Tables and diagrams are presented in alphabetical order of the chemical symbol of the element. The
tables precede the diagrams for each element. The top row of the table contains the database name.
The database name and software name (both abbreviation) concatenated with a slash (”/”) are found
above the diagram next to the chemical symbol of the element (Figure 2). A blank column in the table
and NODATA in the diagram mean either "no data for elements” or "no data for aqueous species of
elements”. The expression of the chemical formula used in the table and diagram is the same as in the
source database, namely ”as is”. This was done to abide by the concept of the database compilers.
Consequently, it should be noted that the expression for hydration and the solid phase differs between
the databases. The expression for the charge has the same style throughout, while the expression for
the solid has many variants: ”am” denotes amorphous, ”c¢” or "cr” denotes crystalline, ”’s” or no index
indicates no discrimination for amorphous or crystalline. Some solid phases are labeled with mineral
names. FACT database uses "s1”, ”s2”, ”s3” notation for polymorph phases, and the present report
uses the same notation for the diagram from FACT/FACTSAGE. The names of solid phases in the
table and diagram are typed in bold face. The area between the two diagonal lines from the upper left
to the lower right in the diagram indicates the stability field of water at 298.15 K and 10° Pa. The
tables list chemical species whose Eh-pH diagrams can be drawn individually for the database. Certain
chemical species do not appear in the diagram because they are unstable or no data is available on
them. Thus, it is important to consult the table carefully when using the diagrams.
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Table 1: List of softwares used

Software Version 0S Description

Acrobat Distiller 4.0 Windows 2000 Professional conversion from PS to pdf

convert 5.3.8 Linux (SuSE 7.3) conversion from xwd to bmp
EhpHdraw 1.0 Linux (SuSE 7.3) X window software for Eh-pH drawing
FactSage 5.2 Windows 2000 Server Eh-pH calculation and drawing
FLASK-AQ 1.1 Linux (SuSE 7.3) Eh-pH calculation

GWB 4.0 Windows 2000 Server Eh-pH calculation and drawing
Tllustrator 8.0 Windows 2000 Professional final drawing of Eh-pH diagrams

Intel C++ compiler 7.0 Linux (SuSE 7.3) compiling FLASK-AQ and EhpHdraw
pdvips 5.92b pl.6 Linux (Fedra CORE 2) conversion from dvi to PS and printing
pLaTeX tetex 2.0.2 Linux (Fedra CORE 2) document processing of this report
ps2epsi 5.2.1 Linux (Fedra CORE 2) conversion from PS to epsi

StarSuite 6.0 Linux (RedHat 9.0) writing tables of species

tdbconvert 1.0 Linux (RedHat 9.0) database file convert

xwd X11R6.5 Linux (SuSE 7.3) X window dump software

5 Reliability and uncertainty

The reliability and uncertainty of diagrams depend on the following three factors. 1) Reliability of
and error in the data in the databases, 2) Uncertainty of the software used for Eh-pH calculation, 3)
Fidelity of the drawing. The error is not mentioned in the databases except the OECD-NEA Chemical
Thermodynamics Series. The uncertainty in the commercial softwares for drawing Eh-pH diagrams
is not described. The uncertainty in FLASK-AQ depends on grid size, as already mentioned. The
fidelity of the drawing is confirmed within the grid size of FLASK-AQ by visual inspection. Thus,
the overall error excluding errors stemming from the databases and commercial softwares are within
40.0025 V for Eh and 4+0.02 units for pH.

6 Description of the softwares and their execution environments

The software used for Eh-pH calculation are GTT-Technologies FactSage 5.2 and Illinois University
Geochemist’s Workbench 4.0 and the in-house software AIST FLASK-AQ 1.1. FactSage 5.2 and Geo-
chemist’s Workbench 4.0 are executed under a Microsoft Windows 2000 Server on a Dell PowerEdge
2600 (Xeon 2.4GHz x2 SMP with 4GB memory). FLASK-AQ 1.1 is executed under SuSE Linux 7.3
(kernel 2.4.20) on HIT PC (Pentium4 2.8 GHz with 1GB memory). FLASK-AQ 1.1 was compiled with
Intel C++ 7.0 compiler and executed with batch scheduling software LSF 4.2. To obtain the Eh-pH
diagrams from the intermediate file of FLASK-AQ 1.1, the in-house software AIST EhpHdraw was
used. ZZ-HATCHES-15 data was converted into the FLASK-AQ format using the in-house software
AIST TDBCONVERT coded by Nihon sgi. All in-house software of AIST will be released to the
general public in the future.

To obtain snapshots of the Eh-pH diagram drawn by EhpHdraw, the X Window dump software
?xwd” was used. To convert from the XWD to BMP format, ”convert” of ImageMagic was used.
These procedures were carried out under Red Hat Linux 9 or Fedra Core 2 on an 1A32 PC.

Conversion from the PostScript file to the PDF file was performed with Adobe Acrobat Distiller
4.0. Trace of the template image, resizing and cosmetics of the diagrams, and outputting to the EPS
file were performed using Adobe Illustrator 8.0 under Microsoft Windows 2000 Professional on an
1A32 PC.

The lists of chemical species in the tables were created with Sun StarSuite 6.0 and saved as
PostScript files and converted into EPS files with ”ps2epsi” under Fedra Core 2 on an IA32 PC. The
final draft of this report was printed out using LaTeX and ”dvips”, on a Laser printer under Fedra
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Core 2 on an IA32 PC (Table 1).
The names of the software, formats, and hardware are trademarks or registered trademarks and
the property of their owners.
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Table 2: List of Ac species

FACT

SUPCRT

LLNL

JNC- TDB

Ac[ 3+], AcCH 2+],
Ac(OH) o[ +],
Ac(QH)s(aq),
Ac(OH) s(am,
Ac(CH) 5(c)

HATCHES

Ac[ 3+], AcOH 2+4],
Ac(OH) 5
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Figure 3: Eh-pH diagrams of the system Ac-O-H (1). 3> Ac = 10710, 298.15K, 10° Pa.
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Figure 4: Eh-pH diagrams of the system Ac-O-H (2). 3> Ac = 10710, 298.15K, 10° Pa.
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Table 3: List of Ag species

FACT SUPCRT LLNL JNC- TDB
Ag[ +], AgOH(aq), Ag[2+], Ag[+], Ag[+], Silver Ag[ +]
AQ(OH) o[ -], Ag2(s), |AgOH(aq), Agd -],
AgO:(s), Ag0s(S), Ag(Native silver)

Ag(Native silver)

HATCHES

Ag[+], Ag(OH)[-],
AgCH(aq), Ag, Ag:0
Ag:G:,  AQ2Os
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Figure 5: Eh-pH diagrams of the system Ag-O-H (1). 3> Ag = 10710, 298.15K, 10° Pa.
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Figure 6: Eh-pH diagrams of the system Ag-O-H (2). 3. Ag = 10710, 298.15K, 10° Pa.
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Table 4: List of Al species

SUPCRT LLNL JNC- TDB
ALg +], HAIO(aq), |AI[3+], A (O [+], A[3+], ACH2+],
A [3+], AO[-] Al (OH) 5(aq) , Al (OH) o[ +],
Al OH[ 2+] , Al (OH)Jf -] Al (OH)s(aq),
Al ,O;( Cor undun) , Al 130,( OH) 24 7+] Al (0'04[ -1,
Al O OH) (Di aspore), |Al 2(OH)2f 4+] G bbsite
Al O(OH) (Boehnite), |Al 3(OH) 4 5+]
Al (OH) 5('s) Al (OH)5(G bbsite), |A OH2+],
Al ,0,( HO) (s) A g +], HA O(aq) Boehnite
Al ,0,( HO) (s52) Cor undum
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Figure 7: Eh-pH diagrams of the system Al-O-H (1). 3> Al = 10710, 298.15K, 10° Pa.
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Figure 8: Eh-pH diagrams of the system Al-O-H (2). 3> Al = 10710, 298.15K, 10° Pa.
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Table 5: List of Am species

FACT SUPCRT LLNL
Ar(s), Am(s2), Am Anf 3+], An{4+], AnO
(s3), AnDy(s), AmO 2 4], AnO ,
(s) 2[ 24], AM(OH) o[ 4], Am( OH) 5(am
AT(CH) s(aq) , AnOH 2
+], An( OH)
s(am), Am(OH)s(c)
HATCHES CECD- NEA CECD- NEA updat e
Anl 3+], Anf4+], AnO|An{4+], An{2+], Am |Anf4+], An2+], Am
A+], AT 2+], Am  [[3+], AnO[+], A [[3+], AMG[ 4], AmD
(OH)[+], AM(OH)s(a |[[2+] ATOH[ 2+], Am |[2+], ArOH[2+], Am
q), AmOH 2+], Am A|(OH)2[+], An(OH)s(a (OH)2[+], An(OH)s(a
mOH) 5, AmG;, AnH, |q), An(c), AmMO(c), |g), An(cr), AnD(c
A, AM( OH) 3(cr) AmG;(c), AmH(c), Alr), AmG(cr), AnmH,
?(ng)a(an”), ATM(OH) s ((cr), Am(OH)s(cr)
c
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Figure 9: Eh-pH diagrams of the system Am-O-H (1). > Am = 10719, 298.15K, 10° Pa.
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Figure 10: Eh-pH diagrams of the system Am-O-H (2). 3> Am = 107!, 298.15K, 10° Pa.
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Table 6: List of As species

FACT SUPCRT LLNL JNC- TDB
AsQ[-]1, AsQ[3-], |AsQ[-], AsQ[3-], |As(OH)4

HAsQ(aq), HAsSQ[- |HAsG(aq), HAsSO[- |Ask(aq), AsQl3-]

1. HAsQ[2-], 1. HAsQ[2-], As(OH) 3( aq) ,

HAsQ[ -], HASQ[ -], FAsQ(aqg) |AsQOH 2-]

HAsQ(aq), As( +], HAs Q[

As(s), As:0(s),

As,05(s2), As:0(S),

-1,
HAsQ(aq), HAsQJ[ 2-]
Arsenolite,

As,O(c),

Cl audetite
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Figure 11: Eh-pH diagrams of the system As-O-H (1). 3 As = 10710, 298.15K, 10° Pa.
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Table 7: List of Au species

FACT SUPCRT LLNL JNC- TDB
AuQ[3-], HAUG[2- |Au[3+], Au[+], Au[ +], Au[3+], Cold

1, RAUO[-], Au( Native gol d)

Au( OH) 5(aq) ,

Au,0s( s) ,

Au(OH)s(s), Au(s)
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Figure 13: Eh-pH diagrams of the system Au-O-H. Y Au
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Table 8: List of B species

FACT

SUPCRT

LLNL

JNC- TDB

BH“[ - ] ’ BQ[ _] y
B.O[2-], HBO[-],
HBOs( aq) ,

HBO( HO) [ -1,
HB.O/[ -1,
H( BGs) 2( HOGy) o[ -],
B(s), BuoHua(s).
B.Os(s), HBO(s),
HBO,(s2),
HBO(S) ,
Bo( OH) 4(s)

BsH:QOs(s) |

H.B.O/(aq) ,

HBO(s3),

BO[-],

B(OH) 5(aq)

B( OH) s(aq) ,
B(OH) [ -],

BAQ(O")Z‘% _21:], BHi[ -
], B(OH)s(c,Boric

aci d)

B(OH) s(aq), HBOJ-
1, B(c), BO(c),

B(OH)s(c), B(g)

HATCHES

B(OH) s(aq), B.Of[ 2-
] ) BH[ 4'] ’
H.B.O(aq) ,
HB.O[ -], B.G,
Boric Acid,
HBO;(c), HBG:

HBO[ -1,
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Figure 14: Eh-pH diagrams of the system B-O-H (1). . B = 10~1°, 298.15K, 10° Pa.
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Figure 15: Eh-pH diagrams of the system B-O-H (2). . B = 1071°, 298.15K, 10° Pa.
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Table 9: List of Ba species

FACT

SUPCRT

LLNL

JNC- TDB

Ba[ 2+],
Ba(s), Bah(s),

BaQ(s), BaQ(s),
Ba( OH) o( s),

Ba( OH) o( KO 4 s)

BaCH +],

Ba[ 2+] ,

BaOH[ +]

Ba[ 2+] ,

BaCH 4],

Ba( OH) .*8HQ(c),

BaQ( c)

Ba[ 2+]
Ba(c),

, BaOH[ +],
BaQ( c)

HATCHES

Ba[ 2+], Ba(OH)[+],
Ba( OH) ,*8H,0O, BaQ(c
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Figure 16: Eh-pH diagrams of the system Ba-O-H (1). 3. Ba = 107!, 298.15K, 10° Pa.
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Figure 17: Eh-pH diagrams of the system Ba-O-H (2). 3. Ba = 107!, 298.15K, 10° Pa.
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Table 10:

List of Be species

FACT

SUPCRT

LLNL

JNC- TDB

Be[ 2+], BeQ2-],

Be( OH) o 52)

Be[ 2+], BeQf2-],
BeOH[ +] , Be(X aq),
HBeQ - ]

HATCHES

Be[ 2+], BeOH[ +],

Be( OH) 2( aq)

Be:( OH) [ 3+]

Bes( OH) 3[ 3+]
Bes( OH) o[ 4+] ,
Bee( OH) o[ 4+] ,
Be( OH) »( al pha),
Be( OH) »( bet a)
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Figure 18: Eh-pH diagrams of the system Be-O-H (1). . Be = 10710, 298.15K, 10° Pa.
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Figure 19: Eh-pH diagrams of the system Be-O-H (2). 3. Be = 10710, 298.15K, 10° Pa.
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Table 11: List of Bi species

FACT SUPCRT LLNL JNC- TDB
Bi[3+], Big+], Bi[3+], Bid+], Bi [ 3+], Bi OH 2+],
Bi OH[ 24] , Bi OH[ 24] , Bi ( OH) o[ +]
Bi cQJ 6+] | HBi O:(aq), Bi Of-] Bi ( OH) s ag)
B!sQ(O‘D3[3+], B!(O‘D4[-],
Bi of OH) 20f 7+] , Bi 6( OH) 12[ 6+]
Bi of OH) 21 6+] , Bi o( OH) 20 7+]
Bi o( OH) 25 5+] , Bi o OH) 21 6+]
Bi (s), Bi.0s), Bi o( OH) o 5+]
Bi ,0,(52), Bi COH(s) Bi o OH) o[ 5+]

Bi (c), Bi.O(s)
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Figure 20: Eh-pH diagrams of the system Bi-O-H. 3. Bi = 10710, 298.15K, 10° Pa.
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Table 12: List of Br species

FACT SUPCRT LLNL JNC- TDB
Br[-], Brz(aq), Br[-], Brs-], Br[-] Br[-], Brz(aq),
Bra[-], Brs[-], Br -], BrO[-], Bra(l), Brg-]

Brg-], BrQ[-],
HBr O aq)

HBr O(aq), BrQj-]

BrO[-], HBrO aq),
Br(g), Brz(9),
HBr ( g)
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Figure 21: Eh-pH diagrams of the system Br-O-H. 3. Br = 10710, 298.15K, 10° Pa.
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Table 13: List of C species (1)

acid), GHO -]
(Acet at e),
CGHiQ( aq, Aceti c-
acid), HCO[-],
GHO[ -] (H
Oxal ate), GHOH
(aq, 1- But anol ),
GhHs(aq, 1- But ene)
CGHs( aq, 1- But yne),
GHisOH
(aq, 1- Hept anol ),
GHu( aq, 1- Hept ene) ,
GHi2( aq, 1- Heptyne),
GsHisOH( aq, 1-
Hexanol ), GHi(aq,
1- Hexene), GHio( aq,
1- Hexyne),
GsHi;OH( aq, 1-
Cctanol ), GHs(aq,
1-Cctene), GhHu(aq,
1- Cctyne),
GHuOH( aq, 1-
Pent anol ), GHio(aq,
1- Pentene), GhHs(aq,
1- Pentyne),
GHOH(aq, 1-
Propanol ), GHs (aq,
1- Propene), GHi(aq,
1- Propyne),
GHQ aqg, 2-
But anone), GH.O
(aq, 2- Hept anone)
GH..(( aq, 2-
Hexanone), GCHO -
(2-
Hydr oxybut anoat e) ,
GHOs( aq, 2-
Hydr oxybut anoi c) ,
CE)HNQ[ -1

Hydr oxydecanoat e) ,
CioHoOs( aq, 2-

Hydr oxydecanoi c) ,
GHiOf -] ( 2-

Hydr oxyhept anoat e)
GHuGs( ag, 2-

Hydr oxyhept anoi c),
GsHuOyf -] (2-

Hydr oxyhexanoat e) ,
GHi.Os( aq, 2-

Hydr oxyhexanoi c) ,
GHi/ O -] (2-

Hydr oxynonanoat e) ,
GHisOs( aq, 2-

Hydr oxynonanoi c) ,

FACT SUPCRT LLNL JNC- TDB
CHi(aq), GH:(aq), CHi(ag, Met han), GH |HCO[-], (O CO[2-], CHi(aq),
CZH“( aq) ’ CZ%( aq) , (aq! Et hyne) ’ pht h) [ 2_] ’ CH%CQI - HCQ[ _] ’ CQ( aq) ’
Cx(aq), CO(aq), GHi(aq, Ethyl ene), |], CHy(aq), C(c), CH(9), C9),
CQ[2-], GO[2-], |GH(aq, Et hane), CO(ag), COf2-],  |CA(g), CO(g)
CHOH(aq), GHQ -], |COaq), CO(agq), H( O phth)[-], H(O
CH;CH.OH( aq) , Cof[ 2-1, GQJ[2-] phth), HCHCOO,

-], HCOOH(aq), |(Oxal ate), Graphite, O phth
CH,COJ -1, CH;OH( ag, Met hanol ), |acid(c), CH(g),
CH;COOH(aq), HCQO[- |GHOH(aq, Et hanol ), |COy(g)

], HGQ[-], C(s), |HCOQ[-](Formate),
C(s2) H.CO(aq, Form c-
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Table 14: List of C species (2)
C ( GUNTI NUED)

FACT SUPCRT LLNL JNC- TDB

GHisGs[ -] ( 2-
Hydr oxyoct anoat e) ,
GHisOs( aq, 2-
Hydr oxyoct anoi c),
GHO[ -] ( 2-
Hydr oxypent anoat e) ,
GHoOGs( aq, 2- )
Hydr oxypent anoi c),
CBHGq aql 2-
Cct anone)
GHuoO( aq, 2-
Pent anone), GHO
(aq, Acet one),
CeHsQ[ 2-]
(Adi pate), GHoO
(aq, Adi pi c-aci d),
GHisQ: (aq, Azel ai c-
aci d),
GH. Q[ 2-]
(Azel ate), GhHs(aq,
Benzene), GHOJ -]
(Benzoat e),
GHC( ag, Benzoi c-
acid), GhHuo(aq,
But ane), GHQ(aq,
But anoi c- aci d),
GsH.OHCH:( aq, o-
Cresol),
GsH.OHCH:( aq, m
Cresol),
CsH40-|CH;( aq
Cresol), C10H19OZ[ ]
(Decanoat e),
CiotboOo( aq, Decanoi c-
aci d),
GsHOHCH:CHs( aq,
2- 3DWP) ,
GsHsOHCH:CHs( aq,
2- 4DVP) ,
GsHsOHCH:CHs( aq,
2- 5DWP) ,
GsHsOHCH:CHs( aq,
2- 6DWP) ,
GsHsOHCH:CHs( aq,
3- 4DWVP) ,
GsH:OHCH:CHs( aq,
3- 5DVP) ,
ClezaQ[ -]
(Dodecanoat e)
C12H24Q
(aq, Dodecanoi c-
aci d),
CH;COOCH,CHs( aq,
Et hyl acet ate),
GHCHs( aq,
Et hyl benzene),
GHQ 2-
](Qutarate), GHO
(aq,d utaric-acid),
CszQ[ -
(A ycolate), GHO
(a ,dycolic-acid),
GHQ[ -] (H
Adi pat e) GHisQf -]
(H Azel ate),

—_—
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Figure 22: Eh-pH diagrams of the system C-O-H (1). >~ C
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Figure 23: Eh-pH diagrams of the system C-O-H (2). 3. C = 10719, 298.15K, 10° Pa.
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Table 15: List of Ca species

FACT SUPCRT LLNL JNC- TDB
Ca[ 2+], CaOH +], Ca[ 2+], CaOH +], Ca[ 2+], CaOH 4], Ca[ 2+], CaOH[ 4],
Ca(s), Ca(s2), CaQ( Li ne) Ca(OH) »(c), Line, CaQ(s, Linme_qu),
CaH(s), CaO(s), Portlandite Ca(c), CaQ(c),
Ca(CH)»(s), CaQ(s) Ca(9)

HATCHES

Ca[ 2+], Ca(OH)[+],
Ca(OH),, CaO
Remar ks

JNC-TDB: Detail ed description of Lime_qu is not given, it may be |linme quenched?
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Figure 24: Eh-pH diagrams of the system Ca-O-H (1). 3 Ca = 10710, 298.15K, 10° Pa.
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Ca (HATCHES/FLASK-AQ)
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Figure 25: Eh-pH diagrams of the system Ca-O-H (2). 3> Ca = 10710, 298.15K, 10° Pa.
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Table 16

: List of Cd species

FACT

SUPCRT

LLNL

JNC- TDB

cdof 2-1,
HCdOJf -

Cd( OH) =( aq) , Cd(gg,

Cd(OH) o

Cd[2+], CdOJf2-],
CdOH[ +], HCdOJ[ -],
CdX aq)

2000000
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-0.6 4
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Cd(OH),(aq)

HCAO,[-] ]

Cdo,[21-|

-0.8
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NO DATA
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Figure 26: Eh-pH diagrams of the system Cd-O-H (1). 3. Cd = 10719, 298.15K, 10° Pa.
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Figure 27: Eh-pH diagrams of the system Cd-O-H (2). 3. Cd = 10719, 298.15K, 10° Pa.
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Table 17

: List of Ce species

FACT SUPCRT LLNL JNC- TDB
Ce[ 3+], Ce[4+], Ce[ 3+], Ce[4+],
Ce(s), Ce(s2), Ce[ 2+], CeOH 2+],

CeH(s), CeQs),

Ce.0y(s), CesOu(s),

CBlsosl( S)

Ce( +], CeQH (aq),

CeQl -]
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Figure 28: Eh-pH diagrams of the system Ce-O-H (1). 3> Ce = 10719, 298.15K, 10° Pa.
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Figure 29: Eh-pH diagrams of the system Ce-O-H (2). 3> Ce = 10719, 298.15K, 10° Pa.
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Table 18: List of CI species

JNC- TDB

LLNL

SUPCRT

FACT
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Figure 30: Eh-pH diagrams of the system Cl-O-H. 3. Cl = 10719, 298.15K, 10° Pa.
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Table 19: List of Cm species

FACT SUPCRT LLNL JNC- TDB
Cni 3+], CnOH 2+],
C( OH) o[ +],
O OH) 5( aq) ,
OT( O_D 3( arr) )
CTT( Q") 3( C)
HATCHES

Cnf 3+], Onf 4+]

Cr(OH) [ 2+] ,

Cr( OH) o[ 4],

O OH) s, OmG,
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Figure 31: Eh-pH diagrams of the system Cm-O-H (1). . Cm = 10719, 298.15K, 10° Pa.
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Figure 32: Eh-pH diagrams of the system Cm-O-H (2). 3 Cm = 10719, 298.15K, 10° Pa.

71



72



Table 20: List of Co species

FACT SUPCRT LLNL JNC- TDB
Co[ 2+], Co[ 3+], Co[ 2+], Co[ 3+4], Co[ 2+], Co[ 3+], Co[ 2+], Co((s,
HCOO[ -1, HCoO[ -], CoO(ag), |Co( OH)a(aq), COBALTCR)
Co(OH)2(aqg), Co(s), |CoOH +], Col2[2-], |Co(OH)s[-1,
Co(s2), Coqs), CoOH[ 2+] Co( OH) o[ 2-1,
Cos0(s), Co( CH) »(s) Coa( OH) o +],
Coa( OH) 4[ 44] ,
CoOH +], HCoQ
Co( OH) 3('s, pi nk)
Cos CoO
HATCHES
Co[ 2+], Co[ 3+],
Co(OH) 2(aq) ,
Co(OH) 5[ -],
Co(OH) [ 2-7,
Co,0H[ 3+]
Cos( OH) o[ 44],
CoOH +], Co(OH) .,
CosQ;, CoO
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Figure 33: Eh-pH diagrams of the system Co-O-H (1). 3> Co = 10710, 298.15K, 10° Pa.
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Figure 34: Eh-pH diagrams of the system Co-O-H (2). 3> Co = 10710, 298.15K, 10° Pa.

75



76



JNC- TDB

LLNL

Table 21: List of Cr species

SUPCRT

FACT
HATCHES

- ofe;
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6566566066060

7




Cr (FACT/FACTSAGE)

-0.4 -

Cr[3+]

CrOH[2+]

-0.6 4

Cr[2+]

~

Cro (2]

Cr,04(s)

-0.8

-0.4

Cr[3+]

GroH[R+
4 [p+]

-0.6

~

Croy[2-]

rO4[3—]

07203(5)

~ v

Cr (SUPCRT/FLASK-AQ)

-0.4 -

Cr[3+]

CrOH[2+]

CrO[+]

-0.6 4

Cr[2+]

HCr

Do (aq)

Cro2[]

-0.4

-0.6 4

NO DATA

7
pH

Figure 35: Eh-pH diagrams of the system Cr-O-H (1). 3> Cr = 10710, 298.15K, 10° Pa.
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Figure 36: Eh-pH diagrams of the system Cr-O-H (2). 3> Cr = 10710, 298.15K, 10° Pa.
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Table 22: List of Cs species

FACT SUPCRT LLNL JNC- TDB
Cs[+], Cs(s), Cs[+], CsOH(aq) Cs[ +] Cs[+], Cs(c),
CsO(s), GCs:Q(s), Cs,Q(s), CsOH(s),
Cs,Oy(s), CsOH(s), Cs(9)
CsOH(s2), CsOH(s3)

HATCHES

Cs[+], CsO CsOH
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Cs[+]

CsOy(s)

-0.6
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Figure 37: Eh-pH diagrams of the system Cs-O-H (1). 3. Cs = 10710, 298.15K, 10° Pa.
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Figure 38: Eh-pH diagrams of the system Cs-O-H (2). 3 Cs = 10710, 298.15K, 10° Pa.
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Table 23: List of Cu species

FACT SUPCRT LLNL JNC- TDB
Qu[ +], Cu[2+], Qu[ +], Cuf2+], Qu[+], Cu[2+],
O-'IQ[ 2_] ’ |_D-JOZ[_] ’ QJQ[ 2_] ’ |_DJQ[_] ’ CUO"[ +] ’ mppery
Cu(OH)2(s), Cu (s), |QuOH +], CuQ(aq), Cuprite, Tenorite
CuQ(s), Cu(s) Cu(Nat i1 ve Copper),
CuQ( Tenorite), Cu,O
(Cuprite)
HATCHES
Cu[ 2+], Qu[+],
Cu( OH) 4f 2-]
Cuz( OH) o 241,
Copper, Cuprite,
Tenorite
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Figure 39: Eh-pH diagrams of the system Cu-O-H (1). 3. Cu = 10719, 298.15K, 10° Pa.
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Figure 40: Eh-pH diagrams of the system Cu-O-H (2). 3> Cu = 10719, 298.15K, 10° Pa.
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Table 24: List of Dy species

FACT SUPCRT LLNL JNC- TDB
Dy[3+], Dy(s), Dy[ 3+], Dy[2+],
Dy(s2), Dy.Os(s) Dy[ 4+], DyOH 2+],

DyQd +], DyOH(aq)

DyQy -]
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Figure 41: Eh-pH diagrams of the system Dy-O-H. . Dy = 10710, 298.15K, 10° Pa.

89




Table 25: List of Er species

FACT SUPCRT LLNL JNC- TDB

Er[3+], Er(s), Er[3+], Er[2+],
Er.0(s), Er.0(s2) Er[4+], ErOH 2+4],
Erd +], ErGH(aq),
ErOf -]
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Figure 42: Eh-pH diagrams of the system Er-O-H. . Er = 10710, 298.15K, 10° Pa.
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Table 26: List of Eu species

FACT SUPCRT LLNL JNC- TDB
Eu[ 2+], Eu[3+], Eu[ 2+], Eu[ 3+4], Eu[ 3+], Eu[2+],
Eu(s), EuH(s), Eu[ 4+], EuOH 2+], Eu( OH) o +
EuQ(s), Eu.G(s), Eud +], EuQH(aq), EuOH[ 2+], Eu(s)
Eu,0(s2), EusQ(s), |EuQ[-] Eu(OH) 5(s),
EuGHs( s) Eu.Os( cubi c),
Eu.Os( monoclinic),
Eu;Q(s), EuQ(s)
HATCHES

Eu[ 3+], Eu(OH)[2+],

Eu, Eu(OH)s,
Eu.Os(cubi c),
Eu.Oy( monoclinic),
EU3Q1, EuO
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Figure 43: Eh-pH diagrams of the system Eu-O-H (1). 3. Eu = 1071°, 298.15K, 10° Pa.
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Figure 44: Eh-pH diagrams of the system Eu-O-H (2). 3. Eu = 1071°, 298.15K, 10° Pa.
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Table 27: List of F species

FACT SUPCRT LLNL JNC- TDB
F[-]1, HF(aq), HF[-] F[-]1, HF(aq), HF[-]|F[-], HF.,, HF, F-, HF(aq), HF[-],
HF[ - ] F(g), F(9), HF(9)
HATCHES
F[-1, HF(aq), HFJ[-]
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Figure 45: Eh-pH diagrams of the system F-O-H (1). > F = 10719, 298.15K, 10° Pa.
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Figure 46: Eh-pH diagrams of the system F-O-H (2). > F = 10719, 298.15K, 10° Pa.
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Table 28: List of Fe species

FACT SUPCRT LLNL JNC- TDB

Fe[ 2+], Fe[3+], HFeQ(aq), FeQ[-]1, |Fe[2+], Fe[3+], Fe[ 2+], Fe[3+],
FeOH +], FeOH[2+], |FeQ(aq), Fe[2+], Fe(OH) 2(aq), FeOH[ 2+4],
HFeO[ -], Fe[3+], FeOH +],  |Fe(OH[+], Fe(OH) o +] ,
Fe(OH) o[ +], FeO[2- |FeOH 2+], HFeO[-], |Fe(OH)s(aq), Fe(OH) s(aq),
], Fe(OH)s(adag), Fe(d +], FeO Fe(OH) 5[ -], FeOH[ -],
Feo( OH) o[ 4+] , (Ferrous-oxide), Fe( OH) 4] -] Fex( OH) o 4+],
Fe(s), Fe(s2), Fe.Oy( Hermati t e), Fea( OH) o[ 4+] Fes( OH) 4 5+] ,
Fe.0s(s2), FesQi( Magnet i t e) Fes( OH) 4f 5+] FeOH +] ,
Fe.0s(s3), FeOH +], Fe(OH) »(aq),
FesQ(s2), FeOH[ 2+] Fe(OH) [ -],
FesQ(s3), Fe( OH) o( ppd) , Fe(OH) s( a)
Fe:Qy(s4), Fe( OH) s( ppd) , Hematite,
Fe(OH) o(s), Fe(( c) Magneti te,
Fe(OH) s(s), CGoet hi te, CGoethite
Fe.0( HO) (s), FeO Hematite, _
(s), Fex(s), Magnetite, Wistite
Fe;Qy( s)

HATCHES
Fe[ 2+], Fe[3+],
Fe( OH) [ +]
Fe( OH) 2( aq)
Fe(OH) o +]
Fe(OH) s( aq)
Fe(OH) 4 -]
Fe(OH) 4 -]
Fe(OH) 4 2
Feo( OH) o[ 4+]
Fes( OH) 4 5+] ,
FeOH 2+], Fe(OH).,
Fe(OH);, FeQ(c),
CGoet hi t e,
Hemati te,
Magnetite, Wistite
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Figure 47: Eh-pH diagrams of the system Fe-O-H (1). 3. Fe = 10719, 298.15K, 10° Pa.
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1.2
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Figure 48: Eh-pH diagrams of the system Fe-O-H (2). 3. Fe = 10719, 298.15K, 10° Pa.
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Table 29: List of Fr species

FACT SUPCRT LLNL JNC- TDB

Fr[ +]
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Figure 49: Eh-pH diagrams of the system Fr-O-H. Y Fr = 10710, 298.15K, 10° Pa.
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Table 30: List of Ga species

FACT SUPCRT LLNL JNC- TDB

Ga[ 3+], GaOH 2+], Ga[ 3+], GaOH 2+],
G(OH) o[ +], H&RO[- |GJ +], &RO[-],
], &[2+], QO[3-], |HGG(aq)

H&RG[ 2-], G(s),
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1.2

Ga (FACT/FACTSAGE)

1.0

0.8

-0.4 -

-0.6 4

-0.8

/

~

GaOH[2+}

Ga(OH),[+]]  ~<

HGaO,[2-]

-0.4

-0.6

NO DATA

7
pH

1.2

Ga (SUPCRT/FLASK-AQ)

1.0 4

0.8

-0.4 -

-0.6 4

~
~
~
~

Ga[3+]
GaOH[R+]

GaQ[+]

HGaO4(aq)

GaOZ[']

-0.4

-0.6 4

NO DATA

Figure 50: Eh-pH diagrams of the system Ga-O-H. 3" Ga = 10710, 298.15K, 10° Pa.
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Table 31: List of Gd species

FACT SUPCRT LLNL JNC- TDB
G&d[ 3+], Gd(s), Gd[ 3+], Gd[ 44],
Gd(s2), Gd:0i(s) Gd[ 2+], GOH 2+],

&g +], GIOH(aq),

GO -]
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Gd (FACT/FACTSAGE)

Gd[3+]
T T T T T T T
1 3 5 7
pH
Gd (LLNL/GWB)
NO DATA
T T T T T T T
1 5 7
pH

Gd,04(s)
T T T =~
11 13
T T T
11 13

Gd (SUPCRT/FLASK-AQ)
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GdO[+]
GdO,H(aq)

GdO,[]

NO DATA

Figure 51: Eh-pH diagrams of the system Gd-O-H. 3_Gd = 10710, 298.15K, 10° Pa.
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Table 32: List of Ge species

FACT SUPCRT LLNL JNC- TDB

HGeO[ -1, Ce(s),
GeQ(s), Ge(Q(s2),
CeOy(s), CeO(s2)
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Figure 52: Eh-pH diagrams of the system Ge-O-H. 3 Ge = 10710, 298.15K, 10° Pa.
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Table 33: List of Hf species

FACT SUPCRT LLNL JINC- TDB
(s), H(s2), Hf [ 4+], Hf OH[ 3+],
Q(s), H O(s2) Hf O 2], HHF Of +
Hf Q(aq), HHf O -]
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1.2

Hf (FACT/FACTSAGE)

-0.6 4
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NO DATA

7
pH
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NO DATA

Figure 53: Eh-pH diagrams of the system Hf-O-H. Y. Hf = 10719, 298.15K, 10° Pa.
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Table 34: List of Hg species

SUPCRT LLNL JNC- TDB
Hg[ 2+], Hgo 2+], Ho[ 2+], Hgo[ 2+],
HgOH[ +], HHgOG[ -1, |Quicksilver
HiQ(aq),
Ho( Qui cksi | ver)
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Figure 54: Eh-pH diagrams of the system Hg-O-H (1). 3. Hg = 10710, 298.15K, 10° Pa.
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Figure 55: Eh-pH diagrams of the system Hg-O-H (2). 3. Hg = 10710, 298.15K, 10° Pa.
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Table 35: List of Ho species

FACT SUPCRT LLNL JNC- TDB
Ho[ 3+], Ho(s) , Ho[ 3+], Ho[4+],

Ho(s2), Ho.Os(s), Ho[ 2+], HoOH[ 2+4],

Ho.Os( s2) ﬂgg[ﬁ]], HoG:H( aq) ,
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Ho (FACT/FACTSAGE)
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T T T T T T T T
1 3 5 7
pH
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NO DATA
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pH
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Figure 56: Eh-pH diagrams of the system Ho-O-H. 3" Ho = 10710, 298.15K, 10° Pa.
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Table 36: List of I species

Hl O+, H (aq),

H (aq), H O(aq),

FACT SUPCRT LLNL JNC- TDB
I[-1, Ts[-1, 1O-T, . la[-1, 1, 10[-]
lQ[']! quaQ)i ']1 quaq)’ o~3(aq)’ |3[ ]
H O(aq), 12 (aq) aq), 1Q[-] a-1. 1G[-]
HO [ +], 120H -] g2-], HQaq)
| 5(s) OH -], 12(aq)
H (aq), HO |
12(s), I2c), 1(Qg)
I2(g), HI(9)
HATCHES
I[-1, 1Q[-]

l.(aq), 192-],
[0H -1, 13-1],
Ig-], 1af-]1, |2
Remar ks

JNC-TDB: 1.(s) is originally given as |, in the database file,

description is not given. Then (s) is appended to I, to avoid confusion with

I2(c).

but its detailed
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Figure 57: Eh-pH diagrams of the system I-O-H (1). I = 10710, 298.15K, 10° Pa.
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Figure 58: Eh-pH diagrams of the system I-O-H (2). I = 10710, 298.15K, 10° Pa.
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Table 37: List of In species

FACT SUPCRT LLNL JNC- TDB
| NOH[ 2+] , In[3+], InOH 2+4],
OH)2[+], In[+], [Ing+], HnNO(aq),
In(s), I nQy -]
I N0s(s2)

124




In (FACT/FACTSAGE)
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NO DATA
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Figure 59: Eh-pH diagrams of the system In-O-H. 3. In = 10710, 298.15K, 10° Pa.

125




126



Table 38: List of K species

FACT SUPCRT LLNL JNC- TDB
K[+], K(s), KH(s), |K[+], KOH(aq), K,O |K[+], KOH(aq) K[+], K(c), K(g)
KO(s), K.Q(s), (Pot assi um oxi de)
KoOy(s), KOH(s),
KOH( s2)
HATCHES
K[ +], KOH
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Figure 60: Eh-pH diagrams of the system K-O-H (1). S K = 10710, 298.15K, 10° Pa.
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K (HATCHES/FLASK-AQ)

K[+]

Figure 61: Eh-pH diagrams of the system K-O-H (2). S K = 10710, 298.15K, 10° Pa.
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Table 39

: List of La species

FACT

SUPCRT

LLNL

JNC- TDB

La[ 3+], La(s),
La(s2), La(s3),
LaH(s), La:0(s)

La[ 3+4], La[2+],
LaOH 2+], LaQ +],
LaOH(aq), LaOf-]

HATCHES

La[ 3+], La.OH 5+],

Las( OH) o[ 6+] ,
LaOH 2+], La(OH)s
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La (FACT/FACTSAGE)
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NO DATA
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Figure 62: Eh-pH diagrams of the system La-O-H (1). 3. La = 10719, 298.15K, 10° Pa.
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Figure 63: Eh-pH diagrams of the system La-O-H (2). 3. La = 10719, 298.15K, 10° Pa.
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Table 40: List of Li species

FACT SUPCRT LLNL JNC- TDB
Li[+], LiOH(aq), Li[+], LiOH(aq) Li[+], LiOH(aq) Li [ +]
Li (s), LiH(s),
Li .Q(s), Li.0O(s),
Li OH(s)
HATCHES
Li [ +]
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Li (FACT/FACTSAGE)
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Figure 64: Eh-pH diagrams of the system Li-O-H (1). 3. Li = 10719, 298.15K, 10° Pa.
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Figure 65: Eh-pH diagrams of the system Li-O-H (2). 3. Li = 10719, 298.15K, 10° Pa.
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Table 41: List of Lu species

FACT SUPCRT LLNL JNC- TDB
Lu[ 3+], Lu(s), Lu[ 3+], Lu[4+],
LuzOs( s) LuOH 2+], LuQ +],
LuGH(aq), LuQjf-]
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Lu (FACT/FACTSAGE)

-0.6 4

-0.8

Lu[3+]

Lu,04(s)

1.2

NO DATA

7
pH
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Figure 66: Eh-pH diagrams of the system Lu-O-H. 3" Lu = 10710, 298.15K, 10° Pa.
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Table 42: List of Mg species

SUPCRT LLNL JNC- TDB
. M[2+], MyOH +], My[ 2+], Mg.OH[3+], |My[2+], MyOH +],
, MyQ( Peri cl ase), Mya( OH) of 44], Peri cl ase
My(OH) 2(s) |[Mg(OH)2(Brucite) lé/?udgl[ ;r]e
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Mg (FACT/FACTSAGE)
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Figure 67: Eh-pH diagrams of the system Mg-O-H (1). 3 Mg = 1071°, 298.15K, 10° Pa.

142




1.2

Mg (HATCHES/FLASK-AQ)

Mg[2+]

MgOH[+]

Figure 68: Eh-pH diagrams of the system Mg-O-H (2). 3 Mg = 1071°, 298.15K, 10° Pa.
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Table 43: List of Mn species

FACT SUPCRT LLNL JNC- TDB
Mi[ 2+], M[3+], Mh[ 2+],  M[ 3+], M[2+], MQ[-], Mh[ 2+], Mh[ 3+],
M]Q[Z-]v NhQ[-]v NhQ[Z-]! M]Q['], 'Vho‘[z']l NhQ[Z-], Nhol['],
MOH +], Mi(OH)s[-  IMOH +], HWNWO[-], |Mi(OH):(aq), MOH[ +] ,
], Mi(s), Mi(s2), |MQ(aq), MO[2-], (OH) [ -1, M(OH) 5[ -],
M(s3), M(s4), MhQ( Manganosi t e) Mh( OH) 4f 2- ] Birnesite,
MQ(s), MO(s), Mho( OH) of +], Mangani t e,
MO (s), MiQi(s2), Vh,OH[ 3+] , MOH[+], |Pyrolusite
MQ( s) Bi rnessite,
Bi xbyi te,
Hausmanni t e,
Mangani t e,
Manganosi t e,
Mh( CH) o( amy ,
M(OH) 5( C)
Pyrol usite,
Todorokite
HATCHES
Mi[ 2+],  M[3+],
MQ[ 2-],
M( OH) o( aq) ,
MI(OH) 5[ - ],
M( OH) [ 2- ]
Mho( OH) 5[ 4],
Mh.OH[ 3+], MQ[ -],
MhOH[ +], MOH 2+],
Birnessite,
Bi xbyi te,
Hausmanni t e,
Mangani t e,
Manganosi t e,
W(O'Dz, M’](O‘|)3,
Mi(OH)s(c), MiQ,

MhOOH, Pyrol usite,

Todorokite
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Figure 69: Eh-pH diagrams of the system Mn-O-H (1). 3. Mn = 1071, 298.15K, 10° Pa.
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Figure 70: Eh-pH diagrams of the system Mn-O-H (2). 3. Mn = 107!, 298.15K, 10° Pa.
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Table 44: List of Mo species

FACT SUPCRT LLNL JNC- TDB

MQ[2-]1, M(s), MQ[2-], HWQ -]
MQ(s), MQO(s)

HATCHES

MbQ[ 2-], M[3+],
MO +], HMQOG(aq),
HWQ[ -1,

Mo7Ce( OH) 5 3-1,
Mb7Oo2( OH) o[ 4-1],
Mo7Q0H] 5- 1,

Mo:Q[ 6-]1, M 34],
MQO[ 2+4]

MoQOH +], HMQ,
Mo, MG, MG
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Figure 71: Eh-pH diagrams of the system Mo-O-H (1). Mo = 10710, 298.15K, 10° Pa.
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Figure 72: Eh-pH diagrams of the system Mo-O-H (2). Mo = 10710, 298.15K, 10° Pa.
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Table 45: List of N species

FACT SUPCRT LLNL JNC- TDB

NZ( aq) ’ N|-l3( aQ) ’ NZ( aq) ’ Nl—h( aq) ’ NQ[ _] ’ NZ( aQ) ’ NQ[ _] ’ N|_l3( aq) ’
NHi +], NeHs[ 4], NHi[ +], NeHs[ +], NHi[ +] , NHi[ +], NOJ[-],
ONO -], NOJ[2-], NO[-], NOJ2-], NGO -], HNO(aq), Ne(aqg), N(g),
NQ[ -], HONQ(aq), NO[ -], HNQ(aq), NH(aqg), Ne(Q) Ne(g), NH(Q)
I\h[ -] ’ NZH4( aq) ’ HNQ( aq) ’
HNs(ag), NHiNs(S), HNO(aqg), HNGJ -]
NQ(s), NOy(s), NoH[ 2+]
NH,NOy( S)

HATCHES
NO[ -], Ne(aq),
NH[ +], NOJ[ -],
HNO(aq), NHs(aq),
NHNGs(aqg), NHOH( aq)
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Figure 73: Eh-pH diagrams of the system N-O-H (1). >N = 10719, 298.15K, 10° Pa.
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Figure 74: Eh-pH diagrams of the system N-O-H (2). >N = 10719, 298.15K, 10° Pa.
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Table 46: List of Na species

FACT

SUPCRT

LLNL

JNC- TDB

Na[ +] ,

NaH(s),
Nazq 32) ,
NazQ( S) )
NaOH(s),
Nazq S)

Na(s),
NaOy(s) ,

Na.Q(s3),
Na.Ox(s2),
NaOH(s2),

Na[ +] , NaOH(aq),
Na.Q( Sodi um oxi de)

Na[ +],

NaCH( aq)

Na+,

Na(c), Na(g)

HATCHES

Na[ +]
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Figure 75: Eh-pH diagrams of the system Na-O-H (1). 3 Na = 10719, 298.15K, 10° Pa.
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Figure 76: Eh-pH diagrams of the system Na-O-H (2). 3. Na = 10719, 298.15K, 10° Pa.
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Table 47: List of Nb species

SUPCRT

LLNL

JNC- TDB

NbQ[ -], HNbO(aq)

Nb( OH) s( aq) ,
No(COH)6[ -1, NbO(S)
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Figure 77: Eh-pH diagrams of the system Nb-O-H (1). >;Nb = 10710, 298.15K, 10° Pa.
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Figure 78: Eh-pH diagrams of the system Nb-O-H (2). >>Nb = 10710, 298.15K, 10° Pa.
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Table 48

: List of Nd species

FACT SUPCRT LLNL JNC- TDB
Nd[ 3+], Nd(s), Nd[ 3+] , Nd[4+], Nd[ 3+]
Nd(s2), NdH(s), Nd[ 2+] , NdOH 2+],
Nd.Gs(s), Nd.OG(s2) Ndg +] , NdGH(aq),

NdO[ -]

HATCHES
Nd[ 3+], Nd(OH) o[ +],
Nd( OH) 3( aq) ,
NdOH[ 2+], Nd(OH) 3
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Figure 79: Eh-pH diagrams of the system Nd-O-H (1). >;Nd = 10710, 298.15K, 10° Pa.
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Figure 80: Eh-pH diagrams of the system Nd-O-H (2). >;Nd = 10710, 298.15K, 10° Pa.
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Table 49: List of Ni species

FACT SUPCRT LLNL JNC- TDB
Ni[2+4], N OH +], Ni[2+4], N OH +], Ni[2+], N (OH)2, Ni[2+4],
HNEG[-], N oH(s), HNEQ[-], NOX(aq), [Ni(OH)s[-], Ni (OH)2(aq),
N OOH(s), N Of 2-], N (OH) [ 2-], N (OH) o[-,
Ni (OH) 2 Ss), Ni (Ni ckel), Ni 2OH[ 3+4], Ni OH[ +],
Ni O( HO) (s), Ni O(Bunsenite) Ni 4( OH) of 4+] , Nio(OH) [ +],
Ni(s), NiQ(s) N OH +], , Nio(OH) [ +],

Ni (OH)2(s), NQ(s) |N(OHs), N QOc)

HATCHES
Ni[2+], N (OH)[+],
Ni (OH) 2(aq),
NE(OH) -],
Ni 2(OH) [ 3+],
Ni o OH) o[ 44]
Ni (OH),, NiO
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Figure 81: Eh-pH diagrams of the system Ni-O-H (1). 3. Ni = 10719, 298.15K, 10° Pa.
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Figure 82: Eh-pH diagrams of the system Ni-O-H (2). 3. Ni = 10719, 298.15K, 10° Pa.
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Table 50: List of Np species

FACT SUPCRT LLNL JNC- TDB
Np(s), NpQ(s), NpO Np[4+], Np[3+], NpO|Np[4+], Np[3+], NpO
3(H20)(S 2l ], O]+ Np O
o[ 2+], (NPOG) (). OH(am), NpO(OH)f-]
[2+],  (NpG)s(OH)s NoQ[ 2+], N
[+], Np(OH) o 2+], pOH 3+], N
Np(OH) [ +], Np(OH) 4 |p(OH) 4(s), NpQ(am,
(aq), Np(O | NpQ,OH(am)
Hs[ -], NpOQOH(aq
NpO,OH[ +] ,  NpOH[ 2+]
NpOH[ 3+], Np('s)
Np( OH) 4(s) ,
Np2Os(s), NpOy(s), N
PG(OH) (am), NpG(O
2(s)
HATCHES OECD- NEA OECD- NEA updat e
Np[ 4+], Np[3+], NpO|Np[4+], Np[3+], NpO|Np[4+], Np[3+], NpO
2[ +] ’ I\p()z[ 2+] ’ Np 2[ +] ’ NpOZ[ 2+] ’ Npo 2[ +] ’ NpOz[ 2+] ' Npo
(O +], Np(OH)s(a H 2+, NpOH 3+], N H2+], NpOH 3+], N
q) ) Np( O_D 4( aQ) ’ l\p Q aq) ' Npon—' p( O_D 2[ 2+] ’ Qo—'
(O a[-1, No2(OHof[4 [+], NpO(OH)2[-], [(aq), NpGOH +], Np
+], NpQ2Op[ 2+], Np Np(OH)s(aq), (NpG)2 |O(OH)2[-], No(OH).4
OuOH[ +], NpG:OH(a  [(OH) o[ 2+], (NpG)s(O|(aq), (NpQ)o(OH) [ 2
q)! NpQO—'[+]1 Np()2 H)5[+]’ Np(C), NpOZ ]1 (Np )3(0_05[-'-]1
Ob[-], NpOH 2+], N |(am hyd), NpQ(c), Np(cr), NpQ(cr), N
pG—|[3+], pr ND(O'D szos(C), NpQO-Kam_ pzos(Cr), NpQ(O_Dz
s, Np(OH) 4, Np.G, N jaged), NpOOH(am fr [(cr), NpGHOQ(cr)
PG, NpO(am), NpQ, esh), NpO(OH)(c),
(OH) 2, NpQ.OH, NpO.O INpOHQ( )
H(am aged), NpO.CH
(amfresH), NpO*H,
Qq(cr)
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Figure 83: Eh-pH diagrams of the system Np-O-H (1). > Np = 10710, 298.15K, 10° Pa.
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Figure 84: Eh-pH diagrams of the system Np-O-H (2). > Np = 10710, 298.15K, 10° Pa.
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Table 51: List of Os species

FACT SUPCRT LLNL JNC- TDB

GsQ(aq), HOsQ[-],
HGOsO[ -], Os(s),
BO(s), GQ(s),
GsQi(s2), Os(OH)4(s)
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Figure 85: Eh-pH diagrams of the system Os-O-H. 3" Os = 10710, 298.15K, 10° Pa.
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Table 52: List of P species

FACT SUPCRT LLNL JNC- TDB

PQ[3-], P.O[4-]1, PQ[3-], P.O[4-1, HPQ[ 2-1, HP.O[2-], |PQ[3-], P.Of4-],
HPQ[ 2-], HPO[-], |HPQ[2-], HPQ[2-], |HPQ[-], HP.Of[-] HPQ[ 2-], HPQ[-],
HPQ[ 2-], HPQ[-], |HPQ[-], HPQ(aq), |HPQ(aq), HPQ.(aq), HP.O[ 3-
HPQ(aq), HP.O[ 3- HP,O[ 3-1, HP.O[-], |HP.O(aq), 1, HP.O[2-],
1, HPO[2-], HP.O(aq) , PG:(aq), |HPO[3-], P.O[4-]1, HPO[-1,
HP.O[ -], HPO[ -], HPG(aq), |PQ[3-] HP.O(am, P(am
HP.O(aq), PH(aqg), HP.O[2-], HPO[-] P(c), P(g9), PA9),
PH[ +], P(s), Ps(9)
P(s2), P(s3),
P(s4), (P0)2(s),
HPQ,( s) ,
(HPQ,) 2( HO) ('s)

HATCHES
PQ[3-], HPQ[-],
HPQ[ 2-], HP,O[ 2-
], HPO[-],
HPQy( aq)

HP.O/(agq), HP.O[ 3-

1. PO[3-]

179




P (FACT/FACTSAGE)

~

H4P4O-(aq)

HPO,[2-]

Oy31]

P (LLNL/GWB)

~
~
~

H3PO,4(gq)

HoPO4[-]

HPO,[2-]

PO4[3-]

Figure 86: Eh-pH diagrams of the system P-O-H (1). > P
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Figure 87: Eh-pH diagrams of the system P-O-H (2). ;P = 1071, 298.15K, 10° Pa.
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Table 53: List of Pa species

FACT SUPCRT LLNL JNC- TDB
Pa[ 4+],
PaQ( OH) s5( aq)
PaQ( OH) 2( aq
PaOOH] 2+] ,
Pa( CH) [ 3+],
Pa( OH) o[ +],
Pa( OH) 5] 4],
PaQy(s),
Pa,0( s)
HATCHES

Pa[ 4+], PaQy 4],

Pa(OH) [ 3+

Pa( CH) o[ 2+4]

Pa( OH) 5[ +]

Pa( OH) «( aq)

PaQ( OH) [ 2+] ,

PaG( H) (aq),

Pa,C5, PaG
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Figure 88: Eh-pH diagrams of the system Pa-O-H (1). 3. Pa = 10710, 298.15K, 10° Pa.
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Figure 89: Eh-pH diagrams of the system Pa-O-H (2). 3. Pa = 10710, 298.15K, 10° Pa.
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Table 54: List of Pb species

FACT SUPCRT LLNL JNC- TDB

Pb[ 2+], PbOH +], Pb[ 2+], PbOH +], Pb[ 2+] Pb[ 2+], PbOH +],

HPbOJ[ -], HPbO[ -], Pb( aq), Pb( OH) »( aq) ,

Pbs( OH) o[ 2+] , PbO( Li t har ge) Pb(OH) 5[ -],

Pba( OH) o[ 4+] , Pb,(OH) [ +],

Pbe( OH) of 4+] , Pba( OH) o[ 4+] ,

Pb(s), PbQ(s2), Pbs( OH) o 2+]

PbOy(s), PbsQ(s), Pbs( OH) o[ +

Pb(OH) o(s), Pbs( OH) o[ 4+], Pb(c)

(PbO) 3( HO) (s), PbQ(r ed),

PbO( s) PbQ( yel | ow)
Pb(OH) 4(s),
PbOY(s),
PbsQy( s)

HATCHES

Pb[ 2+],

Pb(iv)[4+],

Po(OH) [ +],

Pb( OH) 2( aq) ,

Pb( OH) 5[ +] ,

Pb(OH) 4 -],

Pb( OH) 4(aq) ,

Pb,( OH) [ 3+] ,

Pbs( OH) 4f 2+] ,

Pbe( OH) o[ 4+] , Pb,

Pb(OH) 2, PbsQ, PbO,

PbQ,
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Figure 90: Eh-pH diagrams of the system Pb-O-H (1). 3. Pb = 10719, 298.15K, 10° Pa.

188



Pb (HATCHES/FLASK-AQ)

Figure 91: Eh-pH diagrams of the system Pb-O-H (2). 3. Pb = 10719, 298.15K, 10° Pa.
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Table 55: List of Pd species

FACT SUPCRT LLNL JNC- TDB
Pd[ 2+], PdO(s), Pd[ 2+], PdOH +], Pd[ 2+], Pd(c)
Pd(s), PdQ(s) PdQ(aq),
Pd( Pal | adi unm,
PdQ(s), Pd(OH)(s)
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Figure 92: Eh-pH diagrams of the system Pd-O-H. 3. Pd = 1071, 298.15K, 10° Pa.
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Table 56: List of Pm species

FACT SUPCRT LLNL JNC- TDB

Pri 4+], Pni3+],
Pni 2+]
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Figure 93: Eh-pH diagrams of the system Pm-O-H. 3. Pm = 10719, 298.15K, 10° Pa.
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Table 57: List of Po species

FACT

SUPCRT

LLNL

JNC- TDB

Po[ 2+], Po[4+],

Po( OH) o[ 4+],

Po( s)

Po[ 4+], Po(OH).(s)
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Figure 94: Eh-pH diagrams of the system Po-O-H. 3> Po = 10719, 298.15K, 10° Pa.
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Table 58

: List of Pr species

FACT

SUPCRT

LLNL

JNC- TDB

Pr[3+], PrOH 2+],
Pr(OH)2[+], Pr(s),
Pr(s2), PrHy(s),

PrQ(s), Pr.0(s),

PrsOu(s), Pr-0o(s),

Pr GHs( s)

Pr[3+], PrOH 2+],
Prg +], Pr[4+],
Pri2+], PrQH(aq),
Prof -]

196




Pr (FACT/FACTSAGE)

-0.4 -

-0.6 4

-0.8

Pr[3+]

Pro,(s)

Pr(OH)5[+]

-0.4

-0.6

NO DATA

7
pH

Pr (SUPCRT/FLASK-AQ)

-0.4 -

-0.6 4

Pr[3+]

ProH[2

Pro[+
¥ [+]

PrO2H(aq)
Pro2[-]

-0.4

-0.6 4

NO DATA

Figure 95: Eh-pH diagrams of the system Pr-O-H. Y. Pr = 10710, 298.15K, 10° Pa.
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Table 59: List of Pt species

FACT SUPCRT LLNL JNC- TDB
Pt[2+], Pt(s) Pt[2+], PtOH+],
Pt O aq)
Pt (Pl ati num
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Figure 96: Eh-pH diagrams of the system Pt-O-H. 3. Pt = 10719, 298.15K, 10° Pa.
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Table 60: List of Pu species

FACT SUPCRT LLNL JNC- TDB
Pu[ 3+], Pu(s), Pu(s PuQ 2+], Pu[3+], Pul[ 4+], Pu[3+], Pu
2), Pu(s3), Pu(s4), Pu[ 4+], PuQy +], OH 2+], PuOH[+], P
Pu(s5), Pu(s6), PuH (PuQ) 2( OH) o[ 2+] , u(OH) s(aq), PuGyf+],
2(s), PuH(s), PuG (PUG)s(OH)s[+], P PuGOH(aq), PuG(O
(s), Pu.0(s), PusQy u(OH) o[ 2+], Pu(OH)s [Ho[-], PuG[2+], P
(s) +], uQOH +], PuGy( COH) o,
Pu(CH) 4(aq), Pu(OH) |PUOCH[-], Pu(OH).
s[-], PUOCH |(aqg), PuOH 3+], Pu
(aqg), PuGOH +], (OH) s(am), Pu(OH),
PuCH 2+], PuOH 3+], [(c), PuG(am, PuG
Pu(OH)s(a |OH(s)

q) ' PU(O-D 3(5)!

Pu( OH) «(anm, Pu(OH)
«s), Pu.O(c, beta),
PuG(s), PuG(OH).,
(s), PuQG,( OH)
2(c), PuQ(c),
PuG,OH( am)

HATCHES OECD- NEA OECD- NEA updat e

Pu[ 4+], Pu[3+], PuO/Pu[4+], Pu[3+], PuO|Pu[4+], Pu[3+], Pu
o +], PuQ[2+], Pu [J[+], PuQ[2+], PuO [@2[+], PuQ[2+], Pu
(O [2+], Pu(OH)[3 |H 24], PuOH 3+], P |OH 2+], PuCH 3+],
+], Pu(OH) 2 [+], Pu [uGOH +], PuG(OH)> |[Pu(OH)[2+], Pu(OH)
(OH) 2 [24], Pu(OH)s |[(aq), (Pu®)(OH) [ 2 [s[+], PuOGOH(aq), P
(aq), Pu(OH)s[+], P |+], Pu(c), PuOea(c UQOH 4], PuG(OH).
u(OH) 4(aq), Pu(OH)s | _bcc), PuO(c), PuO|(aq), Pu(OH)4(aaq),
-1, 1, |2(hyd_aged), Pu,O |[(PuQ)2(OH).[2+], Pu
Puz( OH) o[ 6+], Pu(OH)[(c), PuQ.OH(am), Pu (cr), PuO.e(bcc),
v [(OH)s(c), PuG(OH).H PuG(cr), Pu.Gs(cr),
Ne Pu(OH)s(cr), PuG(O
5[4+]1 PuG O-DZ[']i H)szqcr)

Pu( OH) 3, Pu(O—|)4,-F3
u;0;, PUOZ(O'Dz*Hz
(c), PuG, PuQ(a),
PUQ(O_DZ, PuGOH, P
u(o) s(c)
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Figure 97: Eh-pH diagrams of the system Pu-O-H (1). 3. Pu = 10719, 298.15K, 10° Pa.

202



Pu (HATCHES/FLASK-AQ)

~
~

PUO,[2+] ™~ _

Pu[3+]

PuO,(s)

-0.6 4

PUOZ(OH)Z[']

O5(OH)3[-]

TS PuOy[24]

PU(OH)2[2+]~

PuO2[+]

Pu[3+]
PuO5(cr)

Pu (OECD-NEA/FLASK-AQ)

-0.6 4

PUOL[24] ™ «

~
~
~

PUO,OH[+]

PUOz(OH)z(aq)

PuO5(c)

Figure 98: Eh-pH diagrams of the system Pu-O-H (2). . Pu = 10719, 298.15K, 10° Pa.
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Table 61: List of Ra species

FACT

SUPCRT

LLNL

JNC- TDB

Ra[ 2+], Ra(s)

Ra[ 2+]

Ra[ 2+], RaCH +]

HATCHES

Ra[ 2+], RaOH +],
Ra(c)
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Figure 99: Eh-pH diagrams of the system Ra-O-H (1). 3. Ra = 1071°, 298.15K, 10° Pa.
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Ra (HATCHES/FLASK-AQ)

Ra[2+]

RaOH[+]

Figure 100: Eh-pH diagrams of the system Ra-O-H (2). > Ra = 10710, 298.15K, 10° Pa.
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Table 62: List of Rb species

FACT SUPCRT LLNL JNC- TDB
Ro[ +], Rb(s), Ro[ +], RbOH(aq) Ro[ +]
Rb,O(s), RbOH(s)
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Rb (FACT/FACTSAGE)

-0.6 4

Rb[+]

Rb[+]

7
pH

Rb (SUPCRT/FLASK-AQ)

-0.6 4

Rb[+]

NO DATA
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pH

Figure 101: Eh-pH diagrams of the system Rb-O-H. S, Rb = 10719, 298.15K, 10° Pa.
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Table 63: List of Re species

FACT SUPCRT LLNL JNC- TDB
ReQ[-], Re[-], ReQ -]
Re[ +], Re(s),

ReO(s), ReQ(s),
Re.O/(s), HReQ(s)
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Re (FACT/FACTSAGE)

ReO 4[]

-0.6

NO DATA

.
pH

Re (SUPCRT/FLASK-AQ)

ReO4[-]

-0.6 4

NO DATA

Figure 102: Eh-pH diagrams of the system Re-O-H. . Re = 10719, 298.15K, 10° Pa.
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Table 64: List of Rh species

FACT SUPCRT LLNL JNC- TDB
RhQ(s), RnO(s), Rh[ 3+], RhOH +],
Rh(s), Rh.((s), RhOH 2+], Rh[2+],
Rn:Oy('s) RhQ(aq), Rhd 4],
Rh( Rhodi um ,
Rh.Q(s), Rh.O(s)
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Figure 103: Eh-pH diagrams of the system Rh-O-H. >~ Rh
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= 10719, 298.15K, 10° Pa.
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Table 65: List of Ru species

FACT SUPCRT LLNL JNC- TDB

RuQ[2-], RuG[-], |RuQ[2-], Ru[3+], Ru[ 3+],

RUO‘( aq) ] RU[ 2+] ) RUO"[ +] ’ RU( O_D 2[ 2+] )

Ru( CH) o[ 2+] , RuOH 2+], RuQ(aq), |Ru[2+], RuG(aq),

RUO‘( S) ’ RU( S) ’ Ruq +] ’ RUO‘[ -] ’ RUO‘[ 2-] ’

RuG( s) Ru( Rut heni unj, HRuG(aq),

RUO(s) HRUQ[ -],
Ru( ) o +] ,
Rus( OH) 1o 4+4] ,
RUCH] 2+] ,
Ru( OH) s* HQ(am ,
Ru(c),
RuQy(s),
RUO:* 2H,O( am ,
RuQ(s), Ru(g),
RuG(9)
HATCHES

Ru[ 3+],

Ru( CH) o[ 2+] ,

Ru[ 2+], RuG[-],

RuQ[ 2-]

HRuG(aq), HRuG

], Ru(OH)[2+],

(O o[ +],

Rua( OH) 15[ 4+]

Ru(c), Ru.G,

RuG(s), RuG*2H.O

RuQ(s), Ru(OH):*HO
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Figure 104: Eh-pH diagrams of the system Ru-O-H (1). 3> Ru = 10719, 298.15K, 10° Pa.
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Ru (HATCHES/FLASK-AQ)
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Figure 105: Eh-pH diagrams of the system Ru-O-H (2). 3> Ru = 10719, 298.15K, 10° Pa.
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Table 66: List of S species

FACT SUPCRT LLNL JNC- TDB
S[2] S2[2] S[2-], $[2-], SQ[2-], HS[-], SQ[2-], §[2-1,
Sof 2 ], [2], Si2-]1, Sf[2-], HS(aq) , SQf 2-1, 5203[2]
S[2-], HS[-], HS[ -], HS(aq), HSQ(aq), HSQ[ -] HS[-], HS(aq),
HS(aq), SG(aq), SG(aq), SQf2-1, S[2-7, 32[2-], HSQ[ -], HSO[ -]
SO 2-], SQf2-], SQ[2-], S0Of2-], S[2-], Si2-], HSO(aq), HSO -]
SO 2-], SQf 2-] S0[2-], S.O[2-], 85[2-], So[ 2-], S(c), S(g), Sxg)
S0 2-]1, S0 2-] S.Q[2-1, SO[2-], |Sulfur(rhm), SO(g), HS(g)
SO 2-], SQf 2-] S$Q[2-], S.Qf2-], HS(g), SA(9)
S.Q[2-1, SOf2-] SQ[ 2-], HSQO[-],
HSO[ -], HSQ[ -], HSQ[ -], HSQ[-],
HS:QJf - H.S.0, HS,Q: (aq), HSO[ -
(aq), S(S) S(s2) ], HSO[ -],
SQ('s) HS.0:(aq), S(Sul fur)
HATCHES
SQ[2-]1, HS[-]T,
S[2-]1, S2-7,
S 2-1, S2-7,
SCG(aq), HS(aq)
HS.0:( aq) ,
HS:O( aq) ,
HSG(aq), HSO -]
HS, Q[ -], HSO[ -]
HSQ[ -], 9[2-]
S,Gf 2-], SQf 2-]
S,Q[2-], SO 2-]
SO[2-], SO 2-]
SO[ 2-]1, SO 2-]
So[2-1, S(c),
Sul fur-rhnb
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Figure 106: Eh-pH diagrams of the system S-O-H (1). .S = 10719, 298.15K, 10° Pa.
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Figure 107: Eh-pH diagrams of the system S-O-H (2). .S = 10719, 298.15K, 10° Pa.
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Table 67: List of Sb species

FACT SUPCRT LLNL JNC- TDB

ShO[-], HSbO(aq), [SbO[-], HSbQ(aq) Sh(OH) s(aq),
sShg +], Sb(s), Sh( OH) s( aq)

SbO(s), Sb.Oy(s), Sb( OH) of - ]
Sh,Oy(s2), Sh.Q(s), Shi( OH)
Sb.Q('s) Sbs( 84)4)

Val entinite,
Sh,Q('s)

HATCHES

Sb(OH) 5(aq) ,
Sb[ 3+, SB(OH) [ +],
Sb(OH)«[-], Sb.Os
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Figure 108: Eh-pH diagrams of the system Sb-O-H (1). 3. Sb = 10719, 298.15K, 10° Pa.
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Figure 109: Eh-pH diagrams of the system Sb-O-H (2). 3. Sb = 10719, 298.15K, 10° Pa.
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Table 68: List of Sc species

FACT SUPCRT LLNL JNC- TDB
Sc[3+], ScOH 2+], |Sc[3+], ScOH 2+],
Sc(s), Sc(s2), Scq +], HScO(aq),
Sc.Os(s), Sc(OH)s(s) [ScOf -]
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Sc (FACT/FACTSAGE)
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Figure 110: Eh-pH diagrams of the system Sc-O-H. 3" Sc = 10710, 298.15K, 10° Pa.
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Table 69: List of Se species

FACT SUPCRT LLNL JNC- TDB

HSe[-], SeQ2-], HSe[-], SeQf2-], SeQ2-], Se[2-], SeQ[2-], Se[2-],
SeQ[2-], HSeO[-], |SeQ[2-], HSeO[-], [SeQ[2-], HSe(aq), HSe[-], HSe(aq),
HSeQ(aq), HSeQ[- |HSeQ(aq), HSeQ[-] |H:SeQ(aq), HSe[-}, SeQ[2-], HSeQy-],

1, Se[2-], HSeQ[ -], HSeQ[-], |HSeG(aq), HSeQ -
HSe(aq), Se(s), Se( bl ack), ], Se(s), SeO(s),
SeQ(s), SeQ(s), Se.Q(s), SeQ(s), Se.O(s), SeOys)
SeQ( s) SeQ(s)

HATCHES

SeQ[ 2-]1, Se[2-],
SeQy 2-], H:Se(aq),
HSeQ(aq), HSe[-],
HSeQ[ -], HSeQ[-],
Se, Se:G, SeQ,
SeG
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Figure 111: Eh-pH diagrams of the system Se-O-H (1). 3. Se = 10719, 298.15K, 10° Pa.
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|HSeOyk]

-HoSeO3(ag)

N Se(s)
HySe(aq)

~
~
~
~

-0.2 4 ~

SeOg[2-]

Figure 112: Eh-pH diagrams of the system Se-O-H (2). 3. Se = 10719, 298.15K, 10° Pa.
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Table 70: List of Si species

FACT SUPCRT LLNL JNC- TDB
H:Si O(aq), SiO(aq), HSIG[-], |SiO(aq), HSI Q[2- HSiQ(aq),
HSi (OH) e[ -], Si O( Anor pyous- 1, HSIQ[-], Sio(0H)[2-1,
HSi O(aq), Si(s), silica), H( HSi Q)4 4-], SiQOH) -],
SioH(s), HSi O(s), |Si O(Chal cedony), H( HSi Q) o[ 2-], Si 20( OH) o[ 2-],
HSi Q(s), SiO(Cristobalite, |Anrph_silica, Si 20(OH) 5 - ],
H.Si .G(s), al pha), Chal cedony, Si sQ( OH) 5[ 3-],
HSi 2O(s) , Sio(Cristobalite, |Cristobalite, Si sQ( OH) 5 3-],
SiQ(s), SiO(s2), |beta), Quartz, Si JQ(OH) [ 4-],
Si O(s3), SiO(s4), |SiO(Coesite), Tridynite Si 4O OH) 5[ 3-1,
Si O(s5), SiQ(s6), |SiQ(Cristobalite), g: &(sdgilf[ %e]l )
Si O(s7), SiO(s8) Si G(Quartz) H2Si CB(s,
Sil_gl ass),
Chal cedony,
Quartz, HSi O(s,
Silica_H,
Sili(am, Si(c),
Si O(qua), Si(g)
HATCHES
H:Si Qy( aq),
HSi Q[ 2-],
HSi s0[ 3-], HSi Qf -
1, HSI.Of 2-7,
H:Si 40[ 4-],
HES! 20l -1,
HSS! 30o[ 3-7,
HSi 402 3- ],
Anr ph. sili ca,
Chal cedony,

Cristobalite,
Crist.beta, Quartz

Remar ks

JNC-TDB: Si @®2(qua) is not Quartz in the database file,
different fromthose of Quartz,

gi ven.
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Figure 113: Eh-pH diagrams of the system Si-O-H (1). 3> Si = 1010, 298.15K, 10° Pa.
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Si (HATCHES/FLASK-AQ)

H3SiO 4[]

H,Si04[2-]

Figure 114: Eh-pH diagrams of the system Si-O-H (2). 3> Si = 10710, 298.15K, 10° Pa.
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Table 71

: List of Sm species

FACT SUPCRT LLNL JNC- TDB
Snf 2+], Snf3+], Sni 2+], Snf3+], Sni 3+], SmOH 2+4],
Sm(s), Sn(s2), Sni 4+], SmOH[ 2+], S OH) o[ +],
SmQ(s), SmQ(s2) SnJ+], SmOH(aq), S OH) 5( aq) ,

SO -] Sm( OH) s(am,

Sm( OH) 5( ¢)
HATCHES

Sni 3+], Sn(OH) o[ +],
Sm(OH) s( aq) ,
SOH[ 2+], S OH) 5
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Sm (FACT/FACTSAGE)

Sm[3+]

Sm

203(s
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NO DATA

Sm (SUPCRT/FLASK-AQ)

Sm[3+]

SMOH[2

F
—

x N

mO[+]

SmOz[—]

-0.6 4

Sm[3+]

Sm(OH),[+]

SMOH[R+]

Sm(OH)3(c

Figure 115: Eh-pH diagrams of the system Sm-O-H (1). 3 Sm = 10710, 298.15K, 10° Pa.
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Sm (HATCHES/FLASK-AQ)
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Figure 116: Eh-pH diagrams of the system Sm-O-H (2). 3 Sm = 10710, 298.15K, 10° Pa.
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Table 72: List of Sn species

FACT

SUPCRT

LLNL

JNC- TDB

Sn[ 2+], SnOH +],
SnO(OH) [ 4],
Sn(s), Snds)
SnOy( s)

Sn(sZ),

Sn[ 2+],
Sn(( aq) ,
Sn(Native tin),
SnQ( Ronarchite),
SnGy(Cassiterite)

SnOH +],

HSNO[ -],

Sn[ 4+], Sn[2+],

Sn(OH) «(aq) ,
SnOH +],

Sn(O-i)g(aq)
Sn(OH) s -],
Sng( OH) 4f 2+]

Sn[ 2+]

Sn((}l) s[-],
N(OH) e[ -], Sn[4+],

Sn(c) Sn(OH) o(s) ,

SnQ( c), SnG(am
SnQy(cassiterite)

HATCHES

Sn[ 2+], Sn[4+],
HSnQ2[ -],
Sn(OH) [ +] ,

Sn( OH) 2( aq) ,

Sn( OH) o[ 2+],

, Sn(OH) 2,
Sn(w),
SnO, SnG(am,
SnGy(c), SnQ(pptd)
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Figure 117: Eh-pH diagrams of the system Sn-O-H (1). 3. Sn = 10719, 298.15K, 10° Pa.
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Figure 118: Eh-pH diagrams of the system Sn-O-H (2). 3. Sn = 10719, 298.15K, 10° Pa.

11 13

243



244



Table 73: List of Sr species

FACT SUPCRT LLNL JNC- TDB
Sr[2+], SrOH 4], Sr[2+], SrOH +] Sr[2+], SrOH +], Sr[2+], SrOH 4],
Sr(s), Sr(s2), Sr(OH)2(c), Sr(c) |Sr(OH)-(aq),
SrH(s), SrQ(s), Sr(OH)2(s), Sr(c),
SrO(s), Sr(OH)2(s) SrQ(c)

HATCHES
Sr[2+],
Sr(OH) o(aq)

SrOH +, Sr(OH),,
SrQ(c)
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Figure 119: Eh-pH diagrams of the system Sr-O-H (1). 3 Sr = 1010, 298.15K, 10° Pa.
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Figure 120: Eh-pH diagrams of the system Sr-O-H (2). 3> Sr = 10710, 298.15K, 10° Pa.
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Table 74: List of Tb species

FACT SUPCRT LLNL JNC- TDB
Th[3+], Th(s), Tb[ 3+], Tb[4+],
Th(s2), ThO(s), Th[ 2+], ThOH 2+],
szQ( S) ' Tb6QL1( S) ) qu +] ) TbOZH( aq) )
Tb-Ow( S) ThO -]
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Th (FACT/FACTSAGE)

Th[3+]
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NO DATA
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Figure 121: Eh-pH diagrams of the system Th-O-H. 3. Tb = 10719, 298.15K, 10° Pa.

249




250



Table 75: List of Tc species

FACT SUPCRT LLNL JNC- TDB
Tc(s), TcQ(s), TcO TcQ-] TcQ[-], Tc[3+], Tcq 2+], TcQf2-],
o(s), Tcz0(s) TcQ 2+], TcQ[2-], |TcQ[-], TcO(OH[+],
TcQ[3-], TcQUOH):
(aq), TcOOH |TcQ(OH) 2(ag), TcQ(O
[+], [TcAOH) ]2(a Hs[-], Te(c), TcO

q), (c), TcOushk(s), Tc:

HTcQ(s), Tc(OH)(s) | O(c), Tc.OHQ(s),
Tc(OH)s(s), T |Te(g), TcQg), Tc:0

c(c) 7(9)

TcO(s), TesQu(s)

TciO(s), TcO*2H0

(am
TcO(s), TcOH(s)

HATCHES OECD- NEA OECD- NEA updat e

Tcq 2+], Tc[3+], T [TcQ[-], TcQ[2-], TcQf-], Tcq2+], T
cQ-], TcQOH[+], |TcQ[3-], TcQq OH) cQ2-], TeQOH)[+],
Tc(OH)2(aq), TcX O |[+], TcqOH) :(aq), TcQ( OH)2(aq), TcO
Hs -], HcO(s), T |[TcQ{OH)s[-], Tc(c), |[(OHs[-], Tc(ecr), T
c(c), Tc(OH)2, Tc(O|TcO(c), Tc.O(c), T|cQ(cr), Tc.O(cr),

H) s, Tc.O, Tc.O*HO cOQ*1. 6HQ(s), Tc.O | TcO*1l. 6H,Q(s), Tc,O

Tc:Q, Tc.O, TcGam|H.Q(s) HA(s)
TcOn*6H,0, TcO;, T

cCH

Renar ks

JNC-TDB: G ven reaction of TcOusH: in the database file suggests its formula as
TcOs sHs. 2.
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Figure 122: Eh-pH diagrams of the system Tc-O-H (1). 3. Tc = 10710, 298.15K, 10° Pa.
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TcOy(cr)

-0.4 -

Figure 123: Eh-pH diagrams of the system Tec-O-H (2). 3" Tc = 10710, 298.15K, 10° Pa.
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Table 76: List of Te species

FACT SUPCRT LLNL JNC- TDB

TeQ[ 2-1,
Te(OH) 5[ +], Te(s),
TeQ(s), HTeQ(s)
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1.2

Te (FACT/FACTSAGE)

1.0

0.8

-0.4

-0.6

[Te(OH)4[+

H,TeO(s)

TeOg[2-]

-0.6

NO DATA

.
pH

Te (SUPCRT/FLASK-AQ)

-0.4

-0.6 4

NO DATA

-0.6 4

NO DATA

Figure 124: Eh-pH diagrams of the system Te-O-H. 3" Te = 10719, 298.15K, 10° Pa.
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Table 77: List of Th species

FACT SUPCRT LLNL JNC- TDB
Th[ 4+], Th(s), Th[ 4+] Th[ 4+], Th[ 4+],
Th(s2), ThH(s), Th(OH) o[ 2+] Th(OH) 4(aqg),
ThQy(s) Th( OH) 5[ +] ThG(am), ThO(c)
Th( OH) 4( aq)
Tha( OH) ;[ 6+
Th4( 0") 8[ 8+]
The( OH) 15[ 9+]
ThOH 3+]
Th(OH) 4(c)
ThOy( s)
Thorianite
HATCHES
Th[ 4+],
Th(OH) [ 3+],
Th( O‘D z[ 2+] ,
Th(OH) 5 +],
Th(OH) 4( aq),
Thz( O‘l) 2[ 6+] ,
Tha( OH) ¢ 8+] ,

Th(OH) 4, ThOs, ThO( c)
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Th (FACT/FACTSAGE)

-0.4 -

-0.6 4
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~
~
~
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Th[4+]

ThO,(s)

Th (LLNL/GWB)
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Figure 125: Eh-pH diagrams of the system Th-O-H (1). 3. Th = 1071, 298.15K, 10° Pa.
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Figure 126: Eh-pH diagrams of the system Th-O-H (2). 3. Th = 1071, 298.15K, 10° Pa.
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Table 78

: List of T1 species

FACT SUPCRT LLNL JNC- TDB
TI[+], TI[3+], TI[+], TI[3+4], T +]
T OH(aaq), Tl OH(aq) ,
TI OH 2+] , TIOH 2+], TIJ+],
TH(O[+], TI(s), [HTIO(aq), TIQ[-]
Tl (s2), Tl.Qs),
Tl .G(s), Tl.QS),
TIOH(s), TI(OH)s(s)
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Tl (FACT/FACTSAGE)

1.2
1.0 4 NN
) h TI504(s)
0.8 - R~
0.6 R
0.4 S
<) N
b
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pH
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Figure 127: Eh-pH diagrams of the system T1-O-H. . T1 = 10710, 298.15K, 10° Pa.
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Table 79

: List of Tm species

FACT

SUPCRT

LLNL

JNC- TDB

Tn{ 3+], Tn(s),
TmG(s), TmO(s2),
TmGO(s3)

Tn{ 3+], Tni4+],
Tnl 2+], TnOH 2+],

Tng +], TnOH(aq),
Oy -]
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Tm (FACT/FACTSAGE)

-0.6 4

Tm[3+]

NO DATA

7
pH

Tm (SUPCRT/FLASK-AQ)

-0.6 4

Tm[3+]
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\TmOZH(aq)
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NO DATA

.
pH

Figure 128: Eh-pH diagrams of the system Tm-O-H. 3. Tm = 1071, 298.15K, 10° Pa.
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Table 80: List of U species

FACT SUPCRT LLNL JNC- TDB
U 3+, U4+, U (U 3+], U4+], U [U4+], U3+, UO[+]|U4+], U 3+], UG
[+], UO[2+], UOH 3 [+], UG[2+], UOH3 UG[ 2+], | ], UG
+], HOU +], HQU |+], UQOCH +], HUO (UG) 2( OH) of 2+4] , [2+], UO(OH) s(aq),
[+], HOU -1, HOU |[+], HUQ[-], UOH[ 2 |(UQ)s( OH)4[ 2+], UG(OH) 4(aq), (UQ)-
[2+], RQU[2+], H |+], UJ+, HUO(aq), (U0)s(OH)s[+], OH(aq), (UG).(CH) -
OuUs[+], HOsU[ -], 2+, U(aqg), U [(UD)s(OH) -], (UD)a |[2+], (UD)s(OH)a[2
U(s), U(s2), U(s3), QOH(aq), UO[-], U [(O)[+], WO [2 |+], (UQ)s(OH)s[+],
Uri(s), UO(S), LG O(aq), HUQL-1, UG |+, WOH s (U s(OF) -], (L)
(s), WO(s), UO(H |[2-], Ua(Uranitite) [+], UOH4(aq), U (OH[+], UGOH +],
O (s), UO(HO-(s), (OH)s[-], U(OH) 15[ 9 UG(CH)2(ag), UCH 3
Uoy(s) +], UGOH +], UCH 3 +], U(OH)a4(aq),
+], Gummite, Schoep UG(an), UOG(al pha),
ite, Uc,alph), WO UQs( bet a),
s(c,al ph), WQ(c), |UG(gamm), UGs . eH,
UG( OH) »( c, bet), UG UG .H20, UG
(an) lD;(Cv (0_021 LKC), lDZ(C)
gammm), Uraninite |[UQ.2s(b), UG.2s(c),
LQ. 3333, LDZ 6667, UFE
(beta), Ug), UXg)
Uo(g), UG(9)
HATCHES CECD- NEA CECD- NEA updat e
U4+, UO[+], UG U4+, U3+, UG U4+, U3+, UR
[2+], UWOH[3+], U [+], UO[2+], UOH 3 [+], UG[2+], UCH 3
(OH)(aqg), U(OH) s [+], UGCH +], WOH) [+], UQOH +], UO(O
[9+], U(OH)(aq), |saq), U(OHs[-]1, |H2(aq), U(CH).(aq)
U(O)s[-], U (O UO(Oa[2-], (UD)2 | UG(OH) [ -], UO(
[2-], U2(OH)[2+], |OH3+], (UR)(OH > [42-], (UQ)0H 3+]
U20H3+], Us3(OH) . [[24], (UR)s(OH) 2 [(UD)(OH)[2+], (
[24], Us(OH)s[+], 4], (UGR)s(OH)s[+], 2)s(OH)4[2+4], (UD)s3
Us(OH)7[-], U4(OH) (UR)s(OH) -], (UO (OH)s[+], (UG)s(OH)
A+l U OH 4], Qumm (2) (O /[ +], W),  a[-T, (UQ)(OH)A+],
ite, Schoepite, U |UG(c), UO.»s(c), UO| U(cr), UG(cr), UO
(c,al ph), L&, UG, .2s(beta), UD sszs(be |2.25(beta), UG zs(cr),
Ug(am, UG(c), U [ta), Udewr(C), UDs | U assa(beta), U ee
O(0H) 2, UGOH, UG, [(al pha), UOG(beta), |e(cr), UOs(al pha),
UG*2H,0, Uraninite |UG(ganmma), Urs(bet |UO(beta), UOs(gamm
a), UG*0.9H,Q al ph |a), UHs(beta), UG*
a), UG(OH) ,(beta), |0.9H al pa), UQ(O
Uo* 2H,Q( ¢) I(-Dz()beta), UOs* 2H,0
cr

Rmar ks

HATCHES: U stands for UQ2.
JNC-TDB: G ven reaction of U3.oeH in the database file suggests its fornula as

UGH.

G ven reaction of UG :HO in the database file suggests its fornmula as UGs*2HO
UQ.2s(b) may be UQ..s(beta)?
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Figure 129: Eh-pH diagrams of the system U-O-H (1). - U = 10710, 298.15K, 10° Pa.
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Figure 130: Eh-pH diagrams of the system U-O-H (2). 3> U = 10710, 298.15K, 10° Pa.
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Table 81: List of V species

FACT SUPCRT LLNL JNC- TDB
Vg 2+], VO[+], Vg 2+], VO[+], V[ 3+], Vq 2+,
VQ[3-], HVQ[2-], |VQ[3-], HVQ[2-], |VO[3-],
Vo[-]. Vo[-, V[3+], V[24], (VO o( OH) o[ 24] ,
V,O[ 4-1, HVQ(aq), HVQ[-], [(VO(OH)[-],
VOHO[ 34] , vQ +], VOH +], V(O 2[ +],
HVQ(aq), HVQ[+], |VOH 2+], VOOH +] Vo( OH) o] 4+] ,
HV,O/[ 3- 1 HVO0[ -], V(O o( aq),
HVlOOZB[ Q( O") 2[ ] ’ VQ[ +] ’
HVi0Ou[ 4-1, V(s)., Voo 21, Yo+l
vQ(s), VOz( s), VOOH +], VzQ( c),
VO 32) . VLOi(s), VoQi(c), V20(c),
V2Qi(s), VoQus2), Va0 ¢), VaO(c)
VoG(s), VsO(s),
V40]( S)
HATCHES

vq[ 2+, V[3+4],
VoI +], VO[3-],
V2( OH) 2[ 4+] ,
VQ(OH) [ +],
VQ OH) 5( aq) .
VO) 2( OH) o[ 2+4] ,

G(OH) o[ -],
VO,(OH)[2-],
VOH 2+], V(OH)s,
V.0(c), VQu(c),
V205(c), Vs0(c),
ViO(c), VA(OH).
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Figure 131: Eh-pH diagrams of the system V-O-H (1). 3.V = 10710, 298.15K, 10° Pa.
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Figure 132: Eh-pH diagrams of the system V-O-H (2). .V = 10710, 298.15K, 10° Pa.
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Table 82: List of W species

FACT SUPCRT LLNL JNC- TDB
Wo[2-1, Ws), Wo[2-1, HVO[-]
WO,(s), WO(s),

WO(s2), OWOH)»(s)
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W (FACT/FACTSAGE)
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Figure 133: Eh-pH diagrams of the system W-O-H. > W = 10719, 298.15K, 10° Pa.
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Table 83: List of Y species

FACT SUPCRT LLNL JNC- TDB

Y[ 3+], YOH 2+], Y[ 3+], YOH 2+],
Y2(OH) o[ 4+], Y(s), |YJ+], HYG(aq),
Y(s2), YH(s), YO -]

YH(s), Y:0(5s),
Y.0(s2), YOHs(s)
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Y (FACT/FACTSAGE)
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Figure 134: Eh-pH diagrams of the system Y-O-H. Y = 10719, 298.15K, 10° Pa.
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Table 84: List of Yb species

FACT SUPCRT LLNL JNC- TDB
Yb[ 2+], Yb[3+], Yb[ 2+], Yb[3+],

Yb(s), Yb(s2), Yb[ 4+], YbOH[ 2+],

Yb,Oi(s), Yb.Oy(s2), [YbO+], YbGH(aq),

Yb203( 33) YbOZ[ - ]
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Figure 135: Eh-pH diagrams of the system Yb-O-H. 3. Yb = 10710, 298.15K, 10° Pa.
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Table 85: List of Zn species

FACT SUPCRT LLNL JNC- TDB

Zn[ 2+], ZnQf2-], Zn[ 2+], ZnQ2-], Zn[ 2+]
ZnCH +], HZnQ[ -], ZnOH +], HZnO[ -],
Zn(OH) 2(aq), ZnQ(s),|Zn( aq),

Zn(s), Zn(OH),(s), [ZnO(Zincite)
Zn(OH) o(s2),
Zn(QH) 2(s3)

HATCHES

Zn[ 2+],

Zn(OH) »(aq),
ZIn(H) 5[ -],

Zn( Q) 4 2-],

Znz(OH) o[ 2-1,

Zn,OH 3+], ZnOj 2-
], ZnOH +],Zincite,
Zn( OH) .
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Zn (FACT/FACTSAGE)
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Figure 136: Eh-pH diagrams of the system Zn-O-H (1). 3. Zn = 10710, 298.15K, 10° Pa.
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Figure 137: Eh-pH diagrams of the system Zn-O-H (2). 3. Zn = 10710, 298.15K, 10° Pa.
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Table 86: List of Zr species

FACT SUPCRT LLNL JNC- TDB

Zrg 2+], Zr(s), Zrg 2+], Zr[4+4], Zr(O—|) s(aq),

Zr(s2), ZrH(s), ZrOH 3+], HZrOf +], Zr(OH)s[ -], ZrO(am
ZrO(s), Zr0O(s2), ZrO(aqg), HZrof -]
Zr Q(s3)

HATCHES

Zr [ 4+],
Zr (O [3+],

ZrQ(anm, zr Q(c)
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Zr (FACT/FACTSAGE)
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Figure 138: Eh-pH diagrams of the system Zr-O-H (1). 3. Zr = 10719, 298.15K, 10° Pa.
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Figure 139: Eh-pH diagrams of the system Zr-O-H (2). 3. Zr = 10719, 298.15K, 10° Pa.
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