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Effects of Hydrodynamic Conditions and LiBr Concentration on
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Refrigeration absorption mhaimes are again considered as suitable refrigeration systems and they are
replacing compression machines due to the ban of chlorofluorocarbons (CFCs) and the strict
regulations of hydrochlorofluorocarbonisithium Bromide (LiBr) is one of the most widelysed
absorbents in refrigeration technology. However, the operating conditions of absorption machines
(high concentration and high temperature) can cause serious corrosion problems in the structura
materials. Corrosion problems can be enhanced by the dythmic conditions of the system. The
present work studies of the influence of hydrodynamic conditions on copper corrosion under different
LiBr conditions. Polarisation potentiodynamic curves obtained following ASTH4 Were used to

study the influence othe LiBr concentration and hydrodynamic conditions. Parameters such as
corrosion current density and corrosion potential were obtained from the potentiodynamic curves. A
rotating disk electrode (RDE) was used to determine the hydrodynamic conditions. LTBree
solutions of different concentration (400 g/,
(O r.p.m.7 3000 r.p.m.) were used during the tests.Results show that an increase of the bromide
concentration and rotation rate favours copmerosion and enhances anodic dissolution. The effects

of the hydrodynamic conditions are smaller at higher LiBr concentrations.
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1. INTRODUCTION

The use of chlorofluorocarbons (CFCs) was banned (MainBeotocol[1], 1987) and their
substitutes, i.e. hydrochlorofluorocarbons, are subjected to severe regulations (Kyoto R2ptocol
1997). Therefore, refgeration absorption machines are again considered as suitable refrigeration
systems. Among the different materials used in the manofacture of absorption machines copper is
commonly used in heat exchangers pipes due to copper's high thermal conductisiyptidb
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machines can use different working fluid such as {id:0) or (H.O-LiBr). H,O-LiBr is the most
commonly employed refrigerant/absorbent couple in absorption systems due to its favourable
thermophysical propertiel8, 4]. However, LiBr can cause serious corrosion problems on metallic
components in refrigeration systems. Bromides, like chlorides, are aggressive ions and their corrosion
effect may be accelerated in absorptimachines due to the high temperatures and concentrations
reached, particularly in new doukddfect systems, which are more efficient. Corrosion of metals in
agueous environments involves at least three steps: (1) electrolyte transport from the balk tolu

the metal surface, (2) electrode exchange at the electrode/solution interface leading to metal loss, an
finally, (3) transport of corrosion product from the interface to the bulk solution. Therefore, it is
necessary to take into account chargesier as well as mass transfer. The latter may be modified by
the hydrodynamic conditions of the system. Corrosion problems can be enhanced by the hydrodynamic
conditions of the fluid5, 6]. Several works havstudied the corrosion of different metals in LiBr
solutions under different conditiofiz-12].

The present work studies the influence of LiBr concentrations and hydrodynamic conditions on
the corrosion of coppe. Pol arisation potentiodynamic cur ve
concentrations (400 g/I, 700 g/I, and 850 g/l) of LiBr solutions and at different rotation rates (@ r.p.m.
3000 r.p.m.). A rotating disk electrode (RDE) system was empltoy@doduce the different rotation
rates. RDE devices are widely used in studies of flow accelerated corrosion under mass transfer contro
in laminar and turbulent regimgk3-21].

2. EXPERIMENTAL PROCEDURE

2.1. Materials

The working electrodes were made of copper and were cylindrically shaped (55 mm long and 9
mm in diameter) and covered with Teflon. An area of 0.6%4was exposed to the electrolyte. Prior to
the electrochemical tests, the samples were wetdak from 220 SiC (Silicon Carbide) grit to a 4000
SiC grit finish, and finally rinsed with distilled water. Later, the working electrode was connected to a
RDE system to change the hydrodynamic conditions. The employed cell was a glass vertical cell with
di fferent i nlets and a thermostatic |jacket, W
potential was measured against an Ag/AgCl with 3M KCI reference electrode. The counter electrode
was made of platinum.

2.2. Polarisation potentiodynamaurves

Polarisation potentiodynamic curves were carried out in three aqueous LiBr solutions of
different concentrations (400 g/l, 700 g/l, and 850 g/lI) prepared from purissimun LiBr of Panreac.
Table 1 showshe rotation rates in revolutions per minutg.m.) and the Reynolds number for the
different studied LiBr concentrations. In all cases, the tests were repeated at least three times. The
Reynolds number (Re), which is shown in Table 1, could be calculated from the angular velocity:
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where~ is the angular velocity (rad/s), f is the rotation rate (r.p.m.), r is the electrode radius
(cm), g is the kinematic viscosity (cffs), } is the solution density (g/ciy ande is the absolute
viscosity (g/sbkcm).

Table 1.Reynolds numbers ofthecoppeDE i n t he di fferent LiBr sol

400 g/l LiBr 700 g/l LiBr 850 g/l LiBr
g (s) m1.27x10 g (4s) m1.91x1CG g (¥s) m2.91x1G
0 0 0 0
500 834 552 364
1000 1669 1105 729
1500 2503 1657 1094
2000 3338 2209 1458
2500 4172 2762 1823
3000 5006 3314 2187

The polarisation curves were made in LiBr aqueous solution deaireated by bubbling nitrogen
for 30 minutes, prior to immersion. During the test, a nitrogen atmosphere was maintained over the
liquid surface. Theatation rate of the RDE was set at the beginning of the electrochemical test. Before
each polarisation experiment, the open circuit potential (OCP) was recorded for one hour; the OCP
value reported here was the arithmetic mean of the last five minutesedomlueq22]. After the
OCP test, the specimen potential was reduced progressivelft@00 mVagager; this potential was
maintained constant for 300 s in order to create reproducible initial conditions. Then the working
electrode potential was scanned froff00 mVagagcito 1000 m\Agagcl, USING a scan rate of 0.1667
mV/s, according to ASTM & [22]. The polarisation curves were recorded from the cathodic to the
anodic direction. These curves were used to calculate Corrosion potegtipl d&d corrosion current
density (icom) as well as information about the general electrochemical behaviour of the materials was
also obtained. Additionally, polarisation potentiodynamic curves were obtained under static conditions
using the patented electoptical devices R000®525 and F200002526[23-26]. These devices
permit obtaining images of the electrode surface and electrochemical data simultaneously. Finally, all
the tested specimens were observed by optical microscopy.

3. RESULTS AND DISCUSSION

3.1.0pen circuit potential

Figure 1shows the effect of the rotation rate variation and LiBr concentration on the open
circuit potential values. OCPalues decrease when the rotation rate and LiBr concentration increase.
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Higher LiBr concentrations enhance the presence of aggressive anions and make the corrosive syster
more active. On the other hand, under rotating conditions, the high relative velocity between the
electrode and the fluid can induce stress acting on the electrddeesurherefore, the decrease of the
OCP may be due to the damage or loss of the passivifilm
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Figure 1. Effect of the rotation rate on the open circuit potential (OCP) of copper in the different
aqueous LiBr solutions at 25 UC.

3.2. Polarisation potentiodymic curves

Figure 2shows thepolarisation curves of copper at the different rotation rates in the 400 g/l,
700 g/l , and 850 g/l LiBr solutions at 25 UC.
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Figure 2. Polarisation curves of copper at the different rotation rates in the three used LiBr solutions at

25 U0UC.

The currat density of the cathodic branch of the potentiodynamic curves is higher for the 400

g/L LiBr solution than for the other solutions.

This tendency can be related to the increase in solution viscosity, which accompanies the
increase of LiBr concentratiomhich, subsequently, reduces the cathodic limiting current as shown by

the Levich relationshif28].

The current density of the anodic branch is the lowest for the 400 g/l LiBr solution. In the tests
carried out in the 400 g/l LiBr solutiomnder static and dynamic conditions and in the 700 g/l LiBr
solution under static conditions, an oscillation area appears in the anodic branch. This area correspond



