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The influence of lithium bromide concentration on the Pourbaix diagrams for iron-chromium alloys is evaluated
in this work, which allows for predicting the corrosion to stainless steels exposed to the aggressive operating
conditions of lithium bromide absorption machines (concentrations ranging from: 400-992 g/L). The novelty of
this work is found in the development of Pourbaix diagrams for the Fe-Cr-Br -H3O quaternary system in aqueous
solutions with a high concentration of lithium bromide, a topic which has not yet been studied. Results show that
the corrosion region at acid pH corresponding to the aqueous species FeBra(aq), FeBrs(aq), cr?, cron*?, crior

CrBr*2 shifts to higher pHs with increasing lithium bromide concentration, which decreases the immunity region
of iron and chromium and decreases the passivation region of the solid species FeCry04, Fe203 and Cry0s3.

1. Introduction

Absorption refrigeration machines are taking on a new importance in
various refrigeration applications compared to conventional vapour
compression refrigeration systems because the former offer advantages
such as reduced electricity consumption, low maintenance costs, and use
of refrigerants with a zero contribution to ozone layer depletion and
near-zero global warning potential [1-4]. One of the most widely used
working fluids in commercial devices is the solution of lithium bromide
(LiBr) in water (H20), with water being the refrigerant and LiBr the
absorbent [5-13]. Although the LiBr/H50 solution has excellent prop-
erties, this working fluid can lead to severe corrosion problems to the
metallic materials used inside these devices, such as carbon steel [14-19]
and stainless steel [20-26]. In relation to these types of steels, stainless
steels present higher corrosion resistance in LiBr/H50 solutions than
carbon steels since stainless steels contain chromium (Cr) in their
composition. Cr has great affinity for oxygen and forms a passive layer
when it reacts with oxygen, thus preventing corrosion to iron (Fe)
[27-28]. However, the high concentrations of LiBr used in the absorp-
tion machines can generate pitting corrosion in stainless steels, causing
failures in these devices. For this reason, there is a pressing and practical
need to predict corrosion in the particular situation of stainless steels
exposed to the aggressive environment found inside LiBr absorption
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machines.

Pourbaix diagrams (Potential vs. pH diagrams) are appropriate for
predicting metallic materials’ corrosion behaviour in diverse environ-
ments. They have applications in the energy industry and the hydro-
metallurgy field. Pourbaix diagrams represent the thermodynamic
equilibria of a metal and its compounds in a specific aqueous medium,
delimiting the stability zones of each species. Simplified Pourbaix dia-
grams indicate the zones of corrosion, immunity, and passivation, rather
than stable species. In addition to showing the stability region of a metal
(immunity), they also show the stability regions of aqueous compounds
(corrosion) and solid compounds (passivation).

Pourbaix diagrams for ferrous materials (iron and its alloys) in HoO
have been developed in previous works [29-39]. The influence of
aggressive ions such as carbonates (CO§2) and chlorides (CI") on the
Pourbaix diagrams for iron and its alloys in HO have been reported in
several works. For example, Ph. Refait et al. developed the Pourbaix di-
agram of iron in carbonate-containing media [40-41]. Zhou et al. estab-
lished the Pourbaix diagram for the iron-chloride-water system applied to
supercritical water oxidation technology [42]. Zhao et al. developed the
Pourbaix diagram for the iron-chromium-water-chloride-carbon dioxide
quinary system in the oilfield environment [43]. Pourbaix diagrams have
not been found for stainless steels in aggressive bromide ion (Br)
presence.
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Table 1
Chemical species for the Fe-Cr-Br-H,0 system.

Species Oxidation number® State” AG¢® (kJ/mol) References®
H™ aq 0 49, 50
H, g 0 49, 50
0, g 0 49, 50
H,0 1 -237.178 49, 50
OH" aq - 157.293 49, 50
Fe 0 s 0 29
Fe(OH)x(s) I s —491.98 29
o-Fe304 II/111 S -1012.57 29
o-Fe 03 111 s —744.3 29
Fet? il aq -91.88 29
Fe(OH)z? i aq - 775.87 29
Fe® 11 aq -17.59 29
Fe(OH)3 111 aq —842.85 29
FeO7? At aq -322 29

Cr 0 s 0 51
Cry03 111 s -1053.09 51
Crt? il aq -174 51
crtd 11 aq -215 51
CrOH"2 11 aq -431.8 51
Cr(OH); 111 aq —1005.89 51
Crog? VI aq -727.75 51
HCrO4 VI aq —-765.14 51
FeCry04 1I and III s —1346.0 30
Br- aq -103.97 49, 50
FeBry(aq) i aq —286.81 49, 50
FeBrs(aq) il aq -316.7 49, 50
CrBr*2 il aq - 302 49

@ Oxidation number for the iron and chromium species.
b aq = aqueous, g = gas, 1 = liquid, and s = solid.
¢ Reference from which the AGf® data are obtained.

This work aims to predict the corrosion risks of stainless steel
exposed to the aggressive environment used inside the LiBr absorption
machines. Pourbaix diagrams and simplified Pourbaix diagrams are
developed for Fe-Cr alloys in aqueous solutions with high concentrations
of LiBr (400-992 g/L) to simulate the aggressive conditions in the LiBr
absorption machines. The novel contribution of the work comes in its
evaluation of the influence of LiBr concentration on the diagrams for the
Fe-Cr-Br-H,0 quaternary system, which has not yet been studied.

2. Materials and methods

The methodology followed in this paper is analogous to that detailed
in prior works about the Pourbaix diagrams for pure metals (copper,
nickel, chromium, titanium, and iron) exposed to aqueous solutions with
high concentrations of LiBr [44-48]. In this work, appropriate adapta-
tions are made for Fe-Cr alloys.

2.1. Chemical species

A total of 21 chemical species from the Fe-Cr-Br -HyO quaternary
system are considered (7 solid species and 14 aqueous species), as shown
in Table 1, which are classified into three types:

1. Species containing iron (11 chemical species):

e Solid iron species (4 species):
- Metal: Fe.
- Fe (II) compounds: Fe(OH)s(s).
- Fe (III) compounds: a-Fey0s3.
- Fe (II/1II) compounds: a-Fe304.

e Aqueous iron species (5 species):
- Fe (II) compounds: Fe™? and Fe(OH)ZZ.
- Fe (III) compounds: Fe* and Fe(OH);.
- Fe (VI) compounds: FeOZZ.

e Aqueous iron-bromide species (2 species):
- Fe (II) compounds: FeBra(aq).
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- Fe (III) compounds: FeBrs(aq).
2. Species containing chromium (9 chemical species):
e Solid chromium species (2 species):
- Metal: Cr.
- Cr (III) compounds: Cry03.
e Aqueous chromium species (6 species):
- Cr (II) compounds: crtl.
- Cr (III) compounds: Cr™>, Cr(OH)™2 and Cr(OH)3.
- Cr (VI) compounds: CrOZ;2 and HCrOg.
e Aqueous chromium-bromide species (1 species):
- Cr (IlI) compounds: CrBr+2,
3. Species containing iron-chromium (1 chemical species):
e Solid iron-chromium species (1 species):
- Fe (I1)/Cr (III) species: FeCry04.

In the Fe-Cr-HyO system, aqueous iron-bromide and aqueous
chromium-bromide species are not considered. With the three corre-
sponding species removed the number of chemical species in this system
is 18.

2.2. Reactions

All the reactions involved in the Fe-Cr-Br-H20 system are consid-
ered. On the one hand, reactions between iron-chromium species
(FeCry04), species containing iron, and species containing chromium
are considered. They can be simplified as shown in Eq. (1):

FeCr,0, + mH" + ne” + aBr 2 xX + yY + bH,O 1

where X is a species containing iron and Y is a species containing
chromium.

On the other hand, reactions involving only species containing iron
and reactions involving only species containing chromium are also
considered, as described by Egs. (2) and (3), respectively:

cX1 + mH" + ne” + aBr~ 2 dX2 + bH,O 2
fYl + mH" + ne” + aBr =2 gY2 + bH,O 3)

where X1 and X2 are a pair of iron species and Y1 and Y2 are chromium
species.

A total of 190 reactions are considered in the Fe-Cr-Br -H,O qua-
ternary system. They can be divided into different categories: electro-
chemical reactions not involving H* (21 reactions) and those involving
H™ (126 reactions); chemical reactions involving H™ (37 reactions) and
those not involving H" (6 reactions).

Tables 2-5 show the classification of the reactions. Each reaction
category is classified into different subcategories: homogeneous re-
actions (only aqueous species involved) and heterogeneous reactions,
involving one, two or three solid species.

Reactions in the Fe-Cr-H,0 system are shaded in grey in Tables 2-5,
with the total number of reactions in this particular system being 136.

2.3. Equilibrium conditions

Equilibria for electrochemical and chemical reactions are calculated
from data collected at the temperature of 25 °C of the standard-state
Gibbs free energy of formation (AG¢). These data are compiled in
Table 1 for all the chemical species involved [29,49-51], using estab-
lished methodology [52]. The activity values of aqueous species
considered are 107, 1074, 1072 and 10°.

Bromide ion and water activity values are determined with the
thermodynamic model developed by Kusik and Meissner for strong
electrolytes in aqueous solutions [53-55], which is described and veri-
fied in previous works [44-48]. The bromide ion activities are 15.61,
194.77, 650.06 and 2042.65 and the water activities are 0.715, 0.358,
0.216 and 0.118, corresponding respectively to LiBr/HyO
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Table 2
Electrochemical reactions not involving H" for the Fe-Cr-Br-H,0 system®.
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Type Equation N°
Homogeneous Fe™ +e _ Fe™ 1
FeBriy(aq) + e  Fe2+3 Br 2
Fe(OH)s +¢ _ Fe(OH)s > 3
Fe™ +2Br +¢ _ FeBra(aq) 4
FeBri(aq) + ¢ . FeBra(aq) + Br- 5
Cr®+e 2 Cr'? 6
CrBr?+e  Cr'?+Br 7
Heterogeneous FeCr204 + 4 H0+2 ¢  Fe+2 Cr(OH)s 8
with two-solid FeCr:04+2¢  FeOs2+2Cr
species «
Heterogeneous Fe +2 Cr(OH)s +e¢ 2 FeCr:04 + 4 Hy0 10
with one solid
species FeOs2+2Cr?+2¢  FeCr204 11
FeOs2+2Cr*+4¢  FeCr204 12
FeOs2+2 CrBr?+4 ¢  FeCr204+2 Br- 13
FeBrs(aq) + 2 Cr(OH)s +¢  FeCr204+4H,0 +3Br- 14
Fe?+2¢ . Fe 15
Fe"+3¢ . Fe 16
FeBra(aq) +2¢  Fe+2Br 17
FeBri(aq) +3 ¢ [ Fe+3 Br 18
Cr?2+2¢ 2 Cr 19
Cr*+3e 2 Cr 20
CrBr?+3e¢  Cr+Br 21

@ Solid species are typed in bold letters. Reactions used for the construction of the Pourbaix diagram for the simple Fe-Cr-H,0 system are shaded.

concentrations of 400, 700, 850 and 992 g/L at 25 °C.

Equilibrium conditions are calculated with a software application
developed in previous work [56]. Once the equilibrium conditions are
determined, the Pourbaix diagrams (showing the stability zones of the
species) and simplified Pourbaix diagrams (showing the zones of im-
munity, passivation, corrosion, and alkaline corrosion) are represented
using AutoCAD software. Diagrams can be challenging to interpret if all
the chemical species involved are represented together. For this reason,
the decision was made to separate diagrams for iron species and dia-
grams for chromium species to facilitate analysis of the results. All the
stable species that appear in the Pourbaix diagrams are summarised in
Tables 6-8.

3. Results and discussion

3.1. Pourbaix diagrams involving iron species for Fe-Cr alloys in LiBr
absorption machines

Fig. 1 shows the Pourbaix diagram involving iron species for Fe-Cr
alloys in Hy0, which delimits the stability region of solid iron-
chromium species FeCro0O4 together with the solid iron species Fe and
Fey03 and the aqueous iron species Fe*z, Fe(OH)ZZ, Fe*g, Fe(OH); and
FeOZz%. FeCry0, destabilises Fe(OH)y(s) and Fe3O4 species, which
appeared in the Pourbaix diagram for Fe in Hy0O [48].

Metallic Fe forms an immunity zone below the electrochemical
equilibrium between water and hydrogen (dashed line labelled “b” in
Fig. 1). One consequence is that Fe is a highly reactive metal. Even at an
activity value of 10°° for the aqueous iron species, a corrosion region is
formed from acid pH to near-neutral pH by Fet? and Fe™ species, an

extensive passivation region is formed from acid to alkaline pH by
FeCry04 and FeyOg species, an alkaline corrosion region is formed at
high pH values by Fe(OH)Z;2 and Fe(OH)j species, and a wide corrosion
region is formed at high potential values by the FeO3? species.

The activity value of the aqueous iron species has a crucial effect on
the stability regions of the Pourbaix diagram. On the one hand, the size
of the corrosion region (stability of aqueous Fe*? and Fe*3) decreases
when the activity value is increased from 107 to 10°. As a result, the
passivation region (stability of solid FeCr,O4 and Fe;O3) and the im-
munity region (stability of Fe) increase. On the other hand, the alkaline
corrosion region at high pH values (stability of aqueous Fe(OH)z? and Fe
(OH)3) extends to higher pHs and lower potentials as activity value in-
creases, with this region disappearing in the Pourbaix diagram for ac-
tivity values of 10, 1072 and 10°. In addition, increasing the activity
value causes the corrosion region to decrease at high potential values
(stability of aqueous FeOZ;z).

Figs. 2-5 show the Pourbaix diagrams involving only species con-
taining iron for Fe-Cr alloys in LiBr/H,0 solutions with concentration of
400, 700, 850 and 992 g/L. These diagrams only show the thermody-
namic stability zones considering iron and iron-chromium species. In
comparison with the Pourbaix diagram in the absence of LiBr (Fig. 1),
Fe™ and Fe*® species are not stable in the corrosion region in the
presence of LiBr; they are replaced by FeBry(aq) and FeBrs(aq) species,
respectively. The corrosion region shifts to higher pHs and lower po-
tentials when LiBr concentration rises from 400 to 992 g/L, corre-
spondingly increasing the size of this corrosion region. Consequently,
the immunity region of Fe and the passivation region of FeCry04 and
Fe03 decrease.

The solid iron-chromium species FeCro04 significantly influences the
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Table 3

Electrochemical reactions involving H' for the Fe-Cr-Br-H,O system".
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Type Equation N°

Homogeneous Fe(OH)s +4 H' +¢ _ Fe'2+4 H,0 2

FeOs2+8H"'+4¢  Fe2+4 H,0 23

Fe? +4H,0+¢ . Fe(OH)s2+4 H' 24

FeOs2+4H"+4 e  Fe(OH)s> 25

FeBrs(aq) + 4 HO + ¢ Fe(OH);2+3Br +4H" 26

FeOs2+8H +3 ¢ . Fe +4 H,0 27

FeOs2+4H"+3 ¢ [ Fe(OH)4 28

Fe(OH)s +2Br +4H" +e  FeBra(aq) +4 H20 29

FeOs2+2Br +8 H' +4 ¢  FeBra(aq) + 4 H,0 30

FeOs2+3Br +8H +3 ¢ _ FeBr3(aq) +4 H20O 31

CrOH? +H'+¢  Cr? + H,0 32

Cr(OH)s +4H" +e 2 Cr2 + 4 H,0 33

Cros2+8H +4¢ 2 Cr?+4 H0 34

HCrOs +7H +4¢e 2 Cr'?+4 H.0 35

CrOs2+8H"+3e ” Cr'* +4 H,0 36

HCrO4s +7H +3¢  Cr* +4 H,0 37

Cros2+7H +3¢ . CrOH? +3 H,0 38

HCrOs +6 H +3 ¢ CrOH'? + 3 H,0 39

CrOs2+4H"+3¢ 2 Cr(OH)s~ 40

HCrOs +3H' +3 ¢ . Cr(OH)s™ 41

CrOs2+Br +8H'+3¢ . CrBr?+4 H.0 42

HCrOs +Br + 7H" +3 ¢  CrBr'? +4 H,0 43

Heterogeneous FeCr:04+8H" +8¢  Fe+2 Cr +4 H.0 44

with three solid FeCr:04+2H' +2 ¢ 2 Fe+Cra03 + Hy0 45
species «

FeCr204+6 H + 6 ¢ 2 Fe(OH)2(s) +2 Cr +2 H,0 46

3 FeCr204+16 H +16 ¢ 2 Fe304+6 Cr + 8 H20 47

Fe304+3 Cr203+2H" +2¢ 2 3 FeCr204 + H20 48

2 FeCr204+ 10 H* + 10 ™ ” Fe203 +4 Cr + 5 H20 49

Fe203 +2 Cr203 + 2 H" +2 ¢ 2 FeCr204 + H,0 50

(continued on next page)
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Table 3 (continued)

Electrochimica Acta 497 (2024) 144545

Type Equation N°
Heterogeneous FeCr204+8 H" +4 ¢ 2 Fe+2 Cr2+4 H,0 51
with two solid FeCr:0s+ 8 H' +2 ¢  Fe+2 Cr' + 4 H,0 52
species

FeCr204+6H +2¢  Fe+2 CrOH™? + 2 H>0 53
Fe+2CrOs2+8H +4¢ 2 FeCr204 + 4 H0 54
Fe+2HCrO4 + 6 H" +4 ¢ 2 FeCr204+ 4 H,0 55
FeCr204+8 H" +2 Br +2 e  Fe+2 CrBr'? +4 H,0 56
FeCr:04+ 6 H' +2 ¢ 2 Fe(OH)(s) +2 Cr'2 + 2 H,0 57
Fe(OH)2(s) +2 CrO4 2+ 10 H" + 6 ¢~ ? FeCr204 + 6 H>0 58
Fe(OH)2(s) +2 HCrO4 + 8 H" + 6 ¢~  FeCr204 + 6 H,O 59
3FeCr204+ 16 H +4 ¢~ 2 Fe304 +6 Cr2 + 8 H,0 60
Fe3sOs+6Cr® + 8 H,0+2¢ [ 3 FeCr204+ 16 H 61
Fe3s04+ 6 CrOH™? +2 H,0 +2 ¢ 2 3 FeCr204+ 10 H' 62
Fe304+ 6 Cr(OH)s + 8 H +2 ¢ 2 3 FeCr204 + 16 H,0 63
Fe304+ 6 CrOs2+32H +20 ¢ 2 3 FeCr204 + 16 H20 64
Fe304+6 HCrO4 +26 H* +20 ¢ 2 3 FeCr204 + 16 H20 65
Fes04+6 CrBr? + 8 H,0+2 ¢ 2 3FeCr204+ 16 H +6 Br- 66
2FeCr204+10H" +2 ¢ ” Fe203 +4 Cr'?2+5H0 67
Fe203+4 Cr3+5H,0+2¢ 2 2 FeCr204+ 10 H' 68
Fe203 +4 CrOH™? + HoO +2 ¢ 2 2 FeCr204+ 6 H' 69
Fe203 +4 Cr(OH)s +6 H +2 ¢ 2 2 FeCr204+ 11 H20 70
Fex03 +4 CrOs2+22 H + 14 ¢ 2 2 FeCr204 + 11 H20 71
Fe203 +4 HCrO4 + 18 H + 14 ¢ 2 2 FeCr204 + 11 H20 72
Fe:03 +4 CrBr? + 5 Ho0 +2 ¢ > 2 FeCr204+ 10 H +4Br~ 73
FeCr:04+ 8 H" + 6 ¢ 2 Fe2 +2 Cr + 4 H,0 74
FeCr204+4 H" + 6 ¢ 2 Fe(OH)s 2 +2 Cr 75
FeCr:04+8 H" +5¢  Fe* +2 Cr+4 H,0 76

Fe™ + Cr203 + H;0 + ¢ FeCr204 +2 H' 77
FeCr:04+ 4 H' +5¢ 2 Fe(OH)i +2 Cr 78
Fe(OH)s™ + Cr203 +2 H" + e FeCr204 + 3 H20 79
FeO4 2+ Cr20s + 6 H +4 ¢ 7 FeCr204 + 3 H20 80
FeCr204+8 H +2Br +6¢ _ FeBra(aq) +2 Cr +4 H20 81

(continued on next page)
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Table 3 (continued)

Type Equation N°
Heterogeneous  FeCr204+8 H*+3 Br +5¢  FeBry(aq) +2 Cr +4 H20 82
:ﬁ;ﬂiet:m solid  poBri(aq) + Cr0s + H:0 + ¢ » FeCrOs+2 H' +3Br 83

Fe(OH)x(s) + 2 H +2 ¢ 2 Fe+2 H,0 84

Fes04+8H' +8¢ _ 3 Fe+4H0 85

Fe20:3 +6H' +6¢ ” 2Fe+3 H0 86

FesOs+2H +2H0+2 ¢ 3 Fe(OH)x(s) 87

Fe:03 +2 H" + H20 + 26 2 Fe(OH)a(s) 88

3 Fe203 +2 H" +2e [ 2 Fe3s04 + H20 89

Cr203+6H +6¢ 2 2Cr+3H0 90

Heterogeneous FeCr204+8 H +2 ¢ 2 Fe2+2 Cr2 + 4 H,0 91

with one solid Fe2+2 CrOq2+ 8 H' + 6 ¢ . FeCr204 + 4 H0 92
species <

Fe2+2HCrOs +6 H + 6 ¢  FeCr204 + 4 H20 93

FeCr:04+4 H" +2 ¢ 2 Fe(OH)s2 +2 Cr? 94

Fe(OH) 2 +2 CrOs 2+ 12 H' + 6 ¢ 2 FeCr204+ 8 H,O0 | 95
Fe(OH)s2 +2 HCrOs + 10 H + 6 & . FeCr204+ 8 HO 96

FeCr204+ 8 H" + ¢ 2 Fe™ +2 Cr'? + 4 H,0 97

Fe” +2Cr*+4H,0+e¢  FeCr204+ 8 H' 98

Fe'» +2 CrOH2 + 2 HyO + ¢ _ FeCr20s+ 6 H' 99
Fe™ +2CrOs2+8H +7¢  FeCr04+ 4 H,0 100
Fe™ +2HCrO4s + 6 H + 7 ¢ FeCr204 + 4 H,0 101
Fe™ +2 CrBr2+ 4 H,0 + ¢ 2 FeCr204+ 8 H" +2 Br- 102
FeCr204+4 H" + e 2 Fe(OH)s +2 Cr™ 103
Fe(OH)s +2 Cr+e  FeCr204+4 H' 104
Fe(OH)s +2 CrOH” + e 2 FeCra04+ 2 H,0 + 2 H 105

Fe(OH)s +2 Cr(OH)s +4 H' + ¢~ ” FeCr204 + 8 H,O 106
Fe(OH)s +2 CrOs 2+ 12H" +7 ¢ . FeCr204+ 8 H,0 107
Fe(OH)s +2 HCrO4 + 10 H" + 7 ¢~ FeCr204 + 8 H,0 108

Fe(OH)s +2 CrBr? + e 2 FeCr204+4 H' +2 Br- 109
FeOs2+2CrOH? +2H" +4 ¢ ” FeCr204 + 2 H,0 110
FeOs2+2 Cr(OH) +8H +4¢  FeCr:0s+8H:0 111
FeOs2+2CrOs2+ 16 H + 10 ¢ . FeCr204 + 8 H0 112

(continued on next page)
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Table 3 (continued)
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Type Equation N°
Heterogeneous  FeQy 2 +2 HCrOs + 14 H' + 10 ¢ . FeCra0s+8H,0 113
:;iggie‘;ne SOld  peCr04+ 8 H +2Br +2¢  FeBra(aq) +2 Cr2+4H:0 114

FeBra(aq) +2 CrOs2+8H' + 6 ¢ 2 FeCr204+4 HO+2Br~ 115
FeBry(aq) + 2 HCrOs +6 H +6 ¢ ” FeCr204+4 H.0+2 Br 116
FeCr204+ 8 H" +3 Br + e  FeBri(aq) + 2 Cr'? + 4 H,0 117
FeBri(aq) + 2 Cr* + 4 H,O + ¢ 2 FeCr204+8 H" + 3 Br- 118
FeBri(aq) + 2 CrOH? + 2 H,O +e™ 2 FeCr204+ 6 H +3Br~ 119
FeBrs(aq) +2 CrO4 2+ 8 H" + 7 ¢ 2 FeCr204 +4 H,0 +3 Br 120
FeBri(aq) + 2 HCrO4 + 6 H* +7 ¢ 2 FeCr204+4 H,O +3 Br 121
FeBri(aq) + 2 CrBr? + 4 HO + ¢ 2 FeCr204+ 8 H' +5Br 122
Fe(OH)i 2+ 4 H" +2¢ 2 Fe+4 H0 123

Fe(OH)s +4H" +3 ¢ ” Fe+4H.0 124
FeOs2+8H'+6¢e  Fe+4H0 125
Fe?+2H,0+¢ . Fe(OH)a(s)+2 H 126

Fe(OH)i +2 H' +¢ _ Fe(OH)(s) + 2 Hy0 127

FeOs 2+ 6 H+ 4 ¢ . Fe(OH)a(s) + 2 HoO 128
FeBrs(aq) + 2 HoO + ¢  Fe(OH)a(s) + 3 Br +2 H' 129
FesO04+8H +2¢ ” 3Fe?+4 H,0 130

FesOs+8 HoO+2¢ . 3Fe(OH)s2+4H" 131
3Fe®+4H0+e¢  FesOs+8H" 132

3 Fe(OH) +4 H' +¢ _ FesOs+ 8 H,0 133
3Fe0s2+ 16 H + 10 e FesO4+ 8 H0 134

Fe3s04+ 6 Br +8 H' +2¢” ” 3 FeBra(aq) +4 H20 135

3 FeBry(aq) + 4 H2O +¢  FesOs4+9 Br +8 H' 136
Fex03 +6 H +2 ¢ 2 2Fe?+3 H.0 137

Fex03 +5H0+2¢ [ 2Fe(OH)s 2+ 2 H' 138
2Fe0s2+10H" + 6 ¢  Fe203 + 5 H,0 139

Fe203 +4Br +6 H" +2 ¢ ” 2 FeBra(aq) + 3 H20 140
CrOH?+H"+3 ¢ ” Cr+H,0 141

Cr(OH)s +4H" +3¢ 7 Cr+4H0 142
Cros2+8H +6¢ 2 Cr+4H0 143

Type Equation N°
Heterogencous HCrOs +7H +6¢ . Cr+4H0 144
with one solid Cr0s+6H +2¢ 7 2Cr?+3 H0 145
species

2Cr02+10H +6¢ . Cr203 + 5 H,0 146
2HCrOs +8H +6¢ 2 Cr203 +5 H20 147

@ Solid species are typed in bold letters. Reactions used for the construction of the Pourbaix diagram for the simple Fe-Cr-H,O system are shaded.

size of iron species’ stability region in the Pourbaix diagrams for Fe-Cr
alloys in the presence of LiBr. On the one hand, the formation of
FeCrp04 destabilises the Fe(OH), and Fe3O4 species, which appeared in
the Pourbaix diagrams for Fe in LiBr/H>O solutions [48]. On the other
hand, the formation of solid FeCro04 significantly affects the size of the
stability region of FeBry(aq) and Fe(OH)Z‘2 species.

The chemical reaction between FeBro(aq) and FeCr2O4 is given by

Eq. (4), with the equilibrium pH at 25 °C according to Eq. (5):

FeCr,04 + 2H" + 2Br 2 FeBry(aq) + Cr,0; + H,0 4
pH — 4.056 + 2log (Br7) — 102g (FeBry(aq)) — log (H,0) )

The equilibrium pH between FeBry(aq) and FeCroO4 occurs at 6.29,
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Table 4
Chemical reactions involving H" for the Fe-Cr-Br-H,0 system®.

Type Equation N°

Homogeneous Fe'2+4 H,0  Fe(OH)s 2+ 4 H' 148

FeBra(aq) + 4 HaO  Fe(OH)s 2 +2 Br +4 H' 149

Fe™ + 4 H0  Fe(OH)s +4 H' 150

FeBr(aq) + 4 H,O  Fe(OH)s +3 Br +4 H' 151

Cr®*+H,0 ” CrOH? +H' 152

Cr3+4 H,0 7 Cr(OH)s +4 H' 153

CrOH"? +3 H,0 ? Cr(OH)s +3 H' 154

CrOH™ +Br + H" 2 CrBr? + H,O 155

Cr(OH)s +Br +4H"  CtBr? +4 H,0 156

CrOs2+H" 2 HCrO4 157

Heterogeneous FeCr:04+ 6 H' 7 Fe(OH)x(s) +2 Cr™ + 2 H,0 158

:Vith- fwo solid FeCr:04+ 4 H* 2 Fe(OH)a(s) +2 CrOH™ 159

pecies -

FeCr:04 + 6 HyO  Fe(OH)x(s) +2 Cr(OH)s +2 H* 160

FeCr:04+ 6 H + 2 Br- ” Fe(OH)x(s) +2 CrBr2 + 2 H,0 161

FeCr204+2 H" > Fe'? + Cr20s + H,0 162

FeCr204+3 H,O ” Fe(OH)s 2+ Cr203 +2 H' 163

FeCr204+2 H" +2 Br _ FeBra(aq) + Cr20s3 + H20 164

Heterogeneous FeCr204+8 H" 2 Fe?+2 Cr +4 H,0 165
with one solid

species FeCr:04+6 H' 7 Fe'?+2 CrOH™ +2 H0 166

FeCr204+8 H" +2 Br _* Fe™2 +2 CrBr™? + 4 H,0 167

FeCr:204+4 H" 2 Fe(OH)s?2+2 Cr? 168

FeCr204+2 HyO + 2 H*  Fe(OH)s 2 + 2 CrOH*? 169

FeCr204 + 8 HyO  Fe(OH)y 2 +2 Cr(OH)s + 4 H* 170

FeCr204+4 H' + 2 Br ? Fe(OH)s % +2 CrBr* 171

FeCr204+ 8 H" +2 Br- _ FeBry(aq) +2 Cr** + 4 H,O 172

FeCr204+ 6 H" +2 Br- _” FeBry(aq) +2 CrOH™ + 2 H,0 173

FeCr204+ 8 H + 4 Br- ” FeBrx(aq) +2 CrBr'2 + 4 H,0 174

Fe'2+2 H,0 ” Fe(OH)x(s) +2 H' 175

Fe(OH)(s) + 2 HO ” Fe(OH)s >+ 2 H' 176

FeBra(aq) + 2 HoO  Fe(OH)a(s) + 2 Br + 2 H* 177

Type Equation N°

Heterogeneous 2Fe™ +3 H0  Fe203+6 H 178

:;‘;Eie‘;ne solid Fe203 + 5 HoO 22 Fe(OH)s + 2 H' 179

2 FeBri(aq) + 3 H20 [ Fe203 + 6 Br + 6 H 180

Cr203+6 H" 22 Cr'* + 3 H,0 181

Cr:03 + 4 H' 72 CtOH"? + H,0 182

Cr203 +5H20 22 Cr(OH)s +2 H* 183

Cr203 +2 Br +6H' 72 CrBr'2 + 3 H,0 184

2 Solid species are typed in bold letters. Reactions used for the construction of the Pourbaix diagram for the simple Fe-Cr-H,O system are shaded.
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Table 5
Chemical reactions not involving H* for the Fe-Cr-Br-H,0 system®.
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Type Equation N°

Homogeneous Fe'?+2 Br _ FeBra(aq) 185

Fe" +3 Br _ FeBrs(aq) 186

Cr3 +Br 2 CrBr*? 187

Heterogeneous FeCr:04 + H;O ” Fe(OH):(s) + Cr203 188
with three solid

species

Heterogeneous FeCr204 + 4 H,0 _ Fe™? +2 Cr(OH)4~ 189
with one solid

species FeCr204 +4 H,O +2 Br~  FeBra(aq) +2 Cr(OH)4~ 190

@ Solid species are typed in bold letters. Reactions used for the construction of the Pourbaix diagram for the simple Fe-Cr-H,O system are shaded.

Table 6

Thermodynamic stability of species for the Fe-Cr-Br-H,O system in aqueous solutions with high concentration of LiBr, at an activity value of 107° for the aqueous

species”.

Species (Br)=0
(H0) =1

[LiBr] = 0 g/L

(Br) = 15.61
(H,0) = 0.715
[LiBr] = 400 g/L

(Br) =194.77
(H20) = 0.358
[LiBr] = 700 g/L

(Br") = 650.06
(H0) = 0.216
[LiBr] = 850 g/L

(Br) = 2042.65
(H,0) = 0.118
[LiBr] = 992 g/L

Fe I I
Fe(OH)x(s)
o-FezO0y4
o-Fe 03
Fe'2
Fe(OH);
Fe'3
Fe(OH)3
FeOZ?

Cr

Cry03
a2

crt3
CrOH 2
Cr(OH)3
Croz’
HCrO;
FeCry04
FeBry(aq)
FeBrs(aq)
CrBrt?

o000 = e s

(]
== 00o0o0o0o0o0o— -

I I I

aonoo*-

’—"—';OOOOOOOO'—'

== n0n0o0o0on0o0oo0o-

ao—"==0000

@ I = it appears in the Pourbaix diagram of iron species; C = it appears in the Pourbaix diagram of chromium species.

7.54, 8.17 and 8.80, corresponding to LiBr concentrations in H,O of 400,
700, 850 and 992 g/L, respectively, at an activity of 107 for the aqueous
species, as shown by the lines labelled “164" in Figs. 2-5. It should be
noted that the higher the LiBr concentration, the higher the Br™ activity
and the lower the HyO activity. Therefore, the corrosion region of
FeBra(aq) shifts from acid pH to alkaline pH with increasing LiBr con-
centration, while the passivation region of FeCry04 shrinks, as shown in
Figs. 2-5. In contrast, the equilibrium pH between Fe™? and FeCr,0,
occurs at 6.17 in the absence of LiBr, at an activity value of 107° for the
aqueous species and HyO activity of 1, as shown by the line labelled
“162" in Fig. 1.

The chemical reaction between FeCry04 and Fe(OH)3? is given by Eq.
(6), with the equilibrium at 25 °C according to Eq. (7):

FeCr,0, + 8H,0 = Fe(OH),> + 2Cr(OH),” + 4H' (6)

log (Fe(OH)[Z) + 21log (Cr(OH), ) — 8 log (H,0) + 79.889

H =
P 7

)

At an activity value of 107 for the aqueous species, the equilibrium

pH between FeCr,04 and Fe(OH)A}2 occurs at pH values of 15.76, 16.36,
16.80 and 17.33, which correspond respectively to LiBr concentrations
in H,0 of 400, 700, 850 and 992 g/L. Therefore, the alkaline corrosion
of Fe(OH)Z? shifts to higher pHs by increasing LiBr concentration. This
region is only shown in the sole case of the Pourbaix diagram in LiBr/
H,0 solution of 400 g/L (Fig. 2), with the equilibrium pH represented by
the line labelled “170". In the absence of LiBr, equilibrium pH between
FeCry04 and Fe(OH)Z2 occurs at 15.47 at an activity value of 107° for the
aqueous species and H»O activity of 1, as shown by the line labelled
“170" in Fig. 1.

Regarding the Fe(OH)j species, its alkaline corrosion region moves
to higher pHs when LiBr concentration is increased (and H»O activity is
decreased), at an activity value of 107° for the aqueous species. This
region only appears in the Pourbaix diagram in LiBr/H50 solution of 400
g/L (Fig. 2).

Finally, the corrosion region at high potential values of FeO% moves
to higher pHs and potentials by increasing LiBr concentration due to the
decrease of HyO activity, as shown in Figs. 2-5. Therefore, the size of this
corrosion region decreases when LiBr concentration is increased.

In relation to the effect of the activity value of the aqueous iron
species on the Pourbaix diagrams in the presence of LiBr, it can be
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Table 7
Thermodynamic stability of species for the Fe-Cr-Br -H,O system in aqueous solutions with high concentration of LiBr, at an activity value of 10 for the aqueous
species”.

Species (Br)=0 (Br)) = 15.61 (Br) =194.77 (Br) = 650.06 (Br) = 2042.65
(H,0) =1 (H,0) = 0.715 (H,0) = 0.358 (H,0) = 0.216 (H,0) = 0.118
[LiBr] = 0 g/L [LiBr] = 400 g/L [LiBr] = 700 g/L [LiBr] = 850 g/L [LiBr] = 992 g/L

Fe I I I I I

Fe(OH)y(s)

o-Fez04

a-Fe,03 I I I I I

Fet? I

Fe(OH)z2

Fe'® I

Fe(OH)3

FeOZ2 I I I I 1

Cr C ¢ C C ¢

Cry03 C ¢ C C C

crt? C C C C C

crts C ¢ C C

CrOH "2 C C C C

Cr(OH); C ¢

Croz? C C C C C

HCrO; C ¢ C C ¢

FeCry04 Ic Ic IC Ic IC

FeBry(aq) I I 1 I

FeBrs(aq) 1 I I I

CrBr'? C

# I = it appears in the Pourbaix diagram of iron species; C = it appears in the Pourbaix diagram of chromium species.

Table 8
Thermodynamic stability of species for the Fe-Cr-Br -H,0 system in aqueous solutions with high concentration of LiBr, at activity values of 10~ and 10° for the aqueous
species”.

Species (Br) =0 (Br) = 15.61 (Br) = 194.77 (Br) = 650.06 (Br) = 2042.65
(H,0) =1 (H,0) = 0.715 (H,0) = 0.358 (H,0) = 0.216 (H,0) = 0.118
[LiBr] = 0 g/L [LiBr] = 400 g/L [LiBr] = 700 g/L [LiBr] = 850 g/L [LiBr] = 992 g/L

Fe I I I I I

Fe(OH)4(s)

o-Fe304

a-Fe,03 I I I I I

Fe'? I

Fe(OH);2

Fe'3 I

Fe(OH);

FeO3” I I I I I

Cr C ¢ C C ¢

Cry03 C C C C C

Crt? C ¢ C ¢ ¢

crtd [¢ ¢ C C

CrOH "2

Cr(OH);

Croz? C C C C C

HCrO3 C C C C [¢

FeCry04 IC IC IC IC IC

FeBry(aq) 1 I 1 1

FeBrs(aq) 1 1 1 1

CrBr'?2 [¢

# 1= it appears in the Pourbaix diagram of iron species; C = it appears in the Pourbaix diagram of chromium species.
deduced that the size of the corrosion region due to FeBry(aq) and 3.2. Pourbaix diagrams involving chromium species for Fe-Cr alloys in
FeBrs(aq) decreases when activity value is increased from 107° to 10°. LiBr absorption machines
One consequence of this is the increase in the size of the immunity re-
gion of Fe and in the passivation region of Fe;Cra04 and FeyOs. The Fig. 6 shows the Pourbaix diagram involving chromium species for
activity value’s effect on the alkaline corrosion region at high pH values Fe-Cr alloys in Ho0, which delimits the stability region of solid iron-
due to Fe(OH)Z;2 and Fe(OH); and on the corrosion region at high po- chromium species FeCry04 together with the solid chromium species
tential values of FeOZ;2 is similar to that described earlier in the discus- Cr and Cr,03 and the aqueous chromium species Cr?, crt3, croH*?, Cr
sion of the Pourbaix diagram in the absence of LiBr. (OH)3, CrOZ;2 and HCrOj. Species containing chromium are the same as

those exhibited in the Pourbaix diagram of Cr in Hy0O [46].

10
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Fig. 2. Pourbaix diagram involving iron species for Fe-Cr alloys in LiBr/H;O solution of 400 g/L.
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Fig. 3. Pourbaix diagram involving iron species for Fe-Cr alloys in LiBr/H50 solution of 700 g/L.
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Fig. 5. Pourbaix diagram involving iron species for Fe-Cr alloys in LiBr/H,0 solution of 992 g/L.

The immunity zone (stability of Cr) is located below the electro-
chemical equilibrium between H;0 and Hj, marked in Fig. 6 with the
dashed line “b”. Hence, Cr is a highly reactive metal. Cr can oxidize to
form the aqueous chromium species Ccr? and Cr(OH); and the solid
chromium species CryOs. Even at an activity value of 10°° for the
aqueous chromium species, a corrosion zone is formed from acid pH to
neutral pH by the Cr'2 species, a wide passivation zone is formed by the
Cry03 species, and an alkaline corrosion zone is formed at high pH
values by the Cr(OH)j species. Solid FeCry04 forms a new passivation
zone inside the stability zone of Cr0O3, which reaches higher pH values
and partially occupies the alkaline corrosion zone of Cr(OH);. The
aqueous species Cr*? is unstable at higher potential values and it can
oxidize to the aqueous Cr(III) species (Cr*® and CrOH"?), which form a
corrosion zone at acid pH. Finally, the Cr(IIl) species (Cr+3, CrOH*Z,
Cry03, and Cr(OH)y) can oxidize to the aqueous Cr(VI) species (HCrOy
and CrO3?), which form a wide corrosion zone at high potential values.

It should be noted that the stability zone of the species in the Pour-
baix diagram depends on the activity value of the aqueous chromium
species. On the one hand, the dimensions of the corrosion zone at acid
and neutral pH (stability of Cr*z, cr*3, and CrOH*?) and the corrosion
zone at high potential values (stability of HCrO3 and CrOz?) decrease

15

when the activity value is increased from 107 to 10°. The CrOH "2
species is unstable at 1072 and 10° activity values. The alkaline corrosion
zone at high pH values (stability of Cr(OH)3) extends to higher potential
and pH values by increasing activity value, with this zone disappearing
in the Pourbaix diagram for activity values of 1072 and 10°. On the other
hand, the immunity zone (stability of Cr) and the passivation zone
(stability of CrpO3 and FeCry04) increase when the activity value is
increased.

Figs. 7-10 show Pourbaix diagrams involving only species containing
chromium for Fe-Cr alloys in LiBr/H,0 solutions with concentrations of
400, 700, 850 and 992 g/L. The figures only show the thermodynamic
stability zones when chromium and iron-chromium species are consid-
ered. In comparison with the Pourbaix diagram in the absence of LiBr
(Fig. 6), Cr™2, Cr*® and CrOH ™2 remain stable in the corrosion zone at
acid and neutral pH in the presence of LiBr. An exception comes in the
Pourbaix diagram in LiBr/H,0 solution of 992 g/L, where Cr*2, CrBr+2
and CrOH 2 are the stable species since Cr™ is not stable. The corrosion
zone extends to higher pHs when LiBr concentration rises from 400 to
992 g/L, increasing the dimensions of the corrosion zone. Consequently,
the immunity zone of Cr and the passivation zone of CryO3 decrease
slightly.
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Fig. 6. Pourbaix diagram involving chromium species for Fe-Cr alloys in H,0.
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Fig. 7. Pourbaix diagram involving chromium species for Fe-Cr alloys in LiBr/H50 solution of 400 g/L.

The formation of FeCry04 in the Pourbaix diagrams for Fe-Cr alloys
in the presence of LiBr substantially affects the dimensions of the alka-
line corrosion zone of Cr(OH)s. Equilibrium between FeCryO4 and Cr
(OH); is given by the chemical reaction indicated previously in Eq. (6)
and the electrochemical reactions shown in Egs. (8) and (10), with the
equilibrium conditions at 25 °C for each reaction shown in Egs. (7), (9)
and (11), respectively:

FeCri0s + 4H:0 + 2¢” = Fe + 2Cr(OH); ®
H,0)*
E(Vguz) = — 1.466 + 0.0296 log (27)2 ©
(cr(on)y)
Fe, O3 + 4Cr(OH)4‘ 4 6H' + 2e~ = 2FeCr,0, + 11H,0 10)
\4
Cr(OH
E(Vsug) = 2.763 + 0.0296 log ((lﬂl_(lio))ﬁ) — 0.177pH (11D
2

These equilibria are represented by the lines labelled “170", “8", and
“70" in Figs. 7-10. By increasing LiBr concentration (which is equivalent
to decreasing HyO activity) the passivation zone of FeCry04 extends to
lower potentials and higher pHs, considering the activity of 107 for the
aqueous species. Consequently, the dimensions of the alkaline corrosion

17

zone of Cr(OH); decrease significantly.

Finally, the corrosion zone at high potentials of HCrOz and CrOz>
shifts to higher potentials and pHs by increasing LiBr concentration due
to decreased HoO activity, as shown in Figs. 7-10. Therefore, the di-
mensions of this zone decrease slightly when LiBr concentration is
increased.

In relation to the effect of the activity value of the aqueous chromium
species on the Pourbaix diagrams in the presence of LiBr, it can be
deduced that the size of the corrosion zone of Cr2, CrOH'2, Cr*3 or
CrBr'2 decreases when activity value is increased from 107° to 10°.
Consequently, the immunity zone of Cr and the passivation zone of
Cr,03 increase. The CrOH 2 species remain unstable for activity values
of 1072 and 10° in the presence of LiBr, whereas it is also not stable for an
activity value of 10~ in the case of the LiBr/H,0 solution of 992 g/L.
The effect of activity value on the alkaline corrosion zone of Cr(OH)4 and
on the corrosion zone at high potentials of HCrOz and CrOg? is similar to
that described above in the discussion of the Pourbaix diagram in the
absence of LiBr. The alkaline corrosion zone of Cr(OH); appears with
1076 and 107 activity values in the Pourbaix diagram for Fe-Cr alloys in
LiBr/H20 solution of 400 g/L (Fig. 7), whereas it only appears with an
activity value of 107 in the Pourbaix diagrams for Fe-Cr alloys in LiBr/
H30 solutions of 700, 850 and 992 g/L (Figs. 8-10).
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Fig. 8. Pourbaix diagram involving chromium species for Fe-Cr alloys in LiBr/H»O solution of 700 g/L.
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Fig. 10. Pourbaix diagram involving chromium species for Fe-Cr alloys in LiBr/H,O solution of 992 g/L.

3.3. Simplified Pourbaix diagrams for Fe-Cr alloys in LiBr absorption
machines

Figs. 11 and 12 show the influence of LiBr concentration on the
simplified Pourbaix diagrams for Fe-Cr alloys, considering the stable
iron-chromium species together with stable iron species (Fig. 11) and
stable chromium species (Fig. 12). For the representation of the dia-
grams, the aqueous species’ activity is considered to be 107, In these
types of diagrams, the stable species’ corrosion and alkaline corrosion
regions are illustrated by shaded areas, which distinguish them from the
immunity and passivation regions.

In reference to the stable iron species (Fig. 11), it should be indicated
that the higher the LiBr concentration, the larger the corresponding
corrosion region for the aqueous iron species at acid and neutral pH. The
alkaline corrosion region of aqueous iron species deviates to higher pHs
when LiBr concentration increases, and that region disappears in the
LiBr/H30 solutions of 700, 850 and 992 g/L (Figs. 11c, 11d and 11e,
respectively). The size of the immunity region of iron, the passivation
region of solid iron and iron-chromium species, and the corrosion region
of aqueous iron species at high potentials all decrease when LiBr con-
centration is increased.

Regarding the stable chromium species (Fig. 12), it should be noted
that the dimensions of the corrosion region at acid and neutral pH of

aqueous chromium species increase when LiBr concentration is
increased. The alkaline corrosion region of aqueous chromium species
shifts to higher pHs when LiBr concentration is increased. The extent of
the immunity region of chromium, the passivation region of solid
chromium and iron-chromium species, and the corrosion region of
aqueous chromium species at high potential values decrease slightly
when LiBr concentration is increased.

4. Conclusions

From the Pourbaix diagrams for Fe-Cr alloys in the absence of and in
the presence of aqueous solutions with high concentrations of LiBr, the
following conclusions can be drawn:

e Based on the Pourbaix diagrams in the absence of LiBr, a corrosion
region is formed from acid to neutral pH by the aqueous species Fe*2,
Fet3, crt?, crt® and crod*2

Based on the Pourbaix diagrams in the presence of LiBr, FeBry(aq),
FeBrs(aq), Cr*2, Cr™® and CrOH*2 are the stable aqueous species in
the corrosion region at acid and neutral pH for LiBr/H»0 solutions
with concentrations of 400, 700 and 850 g/L, while CrBr™ replaces
Cr*3 at the concentration of 992 g/L. The higher the LiBr concen-
tration, the larger the dimensions of the corrosion region.
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e The formation of the solid iron-chromium species FeCr,O4 in the
Pourbaix diagrams for Fe-Cr alloys destabilises the solid iron species
Fe(OH); and Fe3Qy4, which appeared in the Pourbaix diagrams for Fe
both in the absence of and in the presence of LiBr. FeCro04 forms a
new passivation zone inside the stability zone of the solid species
Cr903, which reaches higher pH values and partially occupies the
alkaline corrosion zone of the aqueous species Cr(OH)3.

Regarding the influence of LiBr concentration, the immunity region
of Fe and Cr and the passivation region of solid species FeCryO4,
Fe;03 and Cry03 decrease when LiBr concentration increases. The
alkaline corrosion region of aqueous species Fe(OH)32, Fe(OH); and
Cr(OH)y shifts to higher pHs as LiBr concentration increases. The
corrosion region of aqueous species FeOz2, HCrOz and CrOz? at high
potential values decreases when LiBr concentration is increased.

In relation to the effect of the activity value of the aqueous species,
the corrosion region at acid and neutral pH and the corrosion region
at high potential values decrease when activity value is increased.
The alkaline corrosion region shifts to higher pH values by increasing
activity value. Consequently, the immunity region and the passiv-
ation region increase with an increase in the activity value.

The Pourbaix diagrams developed in this work are not only of sci-
entific interest but also can be used in refrigeration systems to predict
the corrosion of stainless steel in the aggressive conditions found in LiBr
absorption machines. A productive path for future research could be the
development of the Pourbaix diagrams for iron-chromium-nickel or
iron-chromium-nickel-molybdenum alloys in aqueous concentrated LiBr
solutions. These have not yet been studied, and they would make it
possible to predict the corrosion behaviour of these highly alloyed
stainless steels in the environment found inside LiBr absorption
machines.
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