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The pressurizer is the component in the reactor coolant system which provides a
means of controlling the system pressure. The pressurizer has a function to keep the
operational pressure of reactor coolant system in set point condition. For controlling
primary coolant system pressure, the pressurizer has pressurizer spray, heater, safety
relief valve and instrumentation to control level and pressurizer. The purpose of this
study is to see the effect of boric acid, lithium hydroxide and temperature on SS 304
as PWR pressurizer material. The method that used in this research is to observe the
corrosion rates of pressurizer material in several boric acid and lithium hydroxide
concentration at several temperature conditions using Potentiostat. Tests were
conducted in 28, 60, 80,and 100 °C in 2000, 2500, 3000 ppm boric acid and addition
2.0 and 2.5 ppm lithium hydroxide. The pressurizer material corrodes in solution
containing boric acid solution. The corrosion rates increased if boric acid solution
concentration and temperature also increased. The results showed that that corrosion
rate for the material were very small and the highest corrosion rate occurred in 3000
ppm boric acid concentration at 8o °C, that is 4.5913 x 10" mpy. The corrosion rates
increased until temperature 8o °C, but increasing the temperature from 8o °C to 100
°C decreased the corrosion rates from 4.5913 x 10" to 4.5264 x 10" mpy. Lithium
hidroxide addition in boric acid containing media generally decreased SS 304 corrosion
rate as P W R pressurizer material. K.

pressurizer, primary coolant system, boric acid, lithium hydroxide,
corrosion rate

The pressurizer is the component in the reactor coolant system which provides a
means of controlling the system pressure. The pressurizer has a function to keep the
operational pressure of reactor coolant system in set point condition. The pressurizer
surge line is connected to one of the reactor coolant hot legs and the spray lines are
connected to two of the cold legs at the reactor coolant pump discharge. Pressurizer
maintains the steam’s and water’spressure are kept in thermal equilibrium. Chemical
and Volume Control System controls thewater level and quality.
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SA -533 GR-B-CL-1 or SA-508 Grade 3, Class 1 as Vessel Base material which
coated SS 304 or Ni-Cr-Fe Steel used as pressurizer vessel material. The chemical
composition and mechanical properties from pressure vessel material can be seen in
Table 1. This research was conducted based on consideration many corrosion
problems occurred in several PWR primary coolant system components such as;
steam generator tube, as well as reactor vessel head [1-5]. The chemical composition
and mechanical properties are listed in Table 1.

ASME spec SA-533 SA-508 SS-304
Type or grade Type B Gr. 2
Class 1 2 1
C (%) <0.25 <0.25 <0.35 < 0.060
Si 0.15-0.40 0.15-0.40 0.15-0.35 0.59
Mn 1.15-1.50 1.15-1.50 0.40-0.90 1.69
P <0.035 <0.035 <0.025 <0.024
S <0.04 <0.04 <0.025 <0.013
Ni 0.40-0.70 0.40-0.70 <0.4 8.88
Cr - - <0.25 18.33
Mo 0.45-0.60 0.45-0.60 <01 0.14
V = = < 0.05

TABLE 1. Chemical composition and Mechanical Properties [1].

In PWR, H,BO, and LiOH combination is used for pH controlling. At the beginning
the fuel cycle, maximum lithium concentration is 2.2 ppm. If lithium concentration
higher than 2.2 ppm it will initiate fuel cladding corrosion. PWR reactor is
recommended to be operated in range pH 6.9 - 7.4, with boric acid concentration
around 1800 - 3000 ppm and lithium hydroxide concentration around 2.2 - 3.5 ppm.
This range of pH is necessary to control the corrosion of primary system materials and
also to minimize corrosion product transport within the primary system. The lithium
concentration normally decreases according to decreasing boric acid concentration
and is reduced to ~0.6 ppm at the end of a fuel cycle. At several US PWR reactor has
found damage cause of boric acid corrosion/BAC) [1]. Boric acid addition has a
negative effect to reactor primary coolant system component. Boron added in reactor
coolant system in boric acid form (H,BO,) via Control Volume Chemical System (CVCS)

At US PWR reactor, David Besse, three CRDM nozzles had indications of axial
cracking, which had resulted in leakage of the reactor’s pressure boundary. This crack
had resulted in leakage reactor primary water coolant. At March, 2002, during VHP
inspection, cavity was found at David Besse Reactor Pressure vessel Head adjacent to
control-rod drive mechanism. These cavities caused by boric acid corrosion attack,
many efforts have been under way to understand the mechanisms of BAC [6-8]. To
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prevent boric acid corrosion on reactor material is necessary to reduce the leakage of
reactor coolant water.

Boron addition to PWR reactor coolant has purpose to control reactor reactivity mainly
during reactor start-up. Boron as boric acid (H,BO,) combination with lithium
hydroxide (LiOH) has a role to control pH of reactor primary coolant. Many PWR
reactor are operated in range pH 6.9 to 7.4 during fuel cycle [1-5,9-10]. PWR primary
chemistry control aims to maintain primary system pressure boundary and fuel-
cladding integrity, to provide for reactivity control, and to minimize ex-core radiation
fields. Primary chemistry control is optimized to insure that the fuel and pressure
boundary components integrity objectives are achieved. Operation at elevated pH can
reduce ex-core radiation fields but the accompanying elevated lithium concentrations
can lead to an increased likelihood of stainless steel corrosion, at a lower operating
lithium concentration, the likelihood of stainless steel integrity problems will be
minimized but an increased buildup rate of radiation fields may result. The major
focus of primary chemistry programs today is pH control. Specifically, operation below
pH6.9 is not desirable because of the expected more material corrosion effect will
occur. At the present time, almost all plants are operating at pH(tave) = 6.9 or above.
Recently, several plants operating with localized boiling in some parts of the core
have experienced an axial offset anomaly (AOA), which hasbeen attributed of high
concentration of lithium and boron. AOA anomaly occurs cause of lithium boron
compounds deposits at fuel surface. To solve this problem, many plant in Germany
apply enrich boric acid for reducing boron in reactor coolant and reduce lithium
concentration addition.

SS 304 was used as specimen in this experiment. The specimen surface was polished
with alumina powder. This report presents experimental data on corrosion rates of
the SS 304 materials as PWR pressurizer material in boric acid, boric acid + lithium
hydroxide solutions in varying concentrations and temperatures. Anodic polarization
was obtained by a potential scanning from -500 mV at an open circuit potential(OCP)
to 600 mV. OCP at a rate of 0.2 mV/sec after an initial delay of 30 minutes at —200
mV. A Silver/Silver chloride(Ag/AgCl) and Pt wire were used as reference electrode
and a counter electrode respectively. For each condition, the boron and lithium
hydroxide concentrations and temperature were changed to simulate the corrosion
effect to SS 304 material. Acccording to the purpose of this ressearch is to get related
document which connected to PWR pressurizer material analysis and material
corrosion evaluation. Achieving the above purpose, the experiment were performed
with several steps:

- Specimen preparation
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- PWR pressurizer material cooosion test use Potentiostat. The found data by

Potentiostat is in corrosion current. This data will be calculated using Excel to get

corrosion rate data.

- Analysis and report.

Corrosion rate test conducted in several boric acid cooncentrations and boric acid and
lithium hidroxide mixture at several temperature variation using Potentiostat. There
are three steps in this research, first for corrosion testing, seconds for data analysis
corrosion testing , and third for reporting.

Fig.1 shows experiment results that the increasing temperature tends to increase SS
304 corrosion rate as PWR pressurizer material eventhough is not so significant. SS
304 corrosion rate in 2000 ppm boric acid cotaining solution at 28 °C is 1.2293 X 1072
mpy and corrosion rate increase to be 3.2937 x 10 mpy and 3.8859 x 102 mpy at
temperature 8o °C, but SS corrosion rate decrease to 3.8859 x 102 mpy at
temperature 100 °C. SS 304 corrosion rate decreased from 3.8859 x 102 mpy at
temperature 80 °C to 3.0603 x 102 mpy at 100 °C. Corrosion rate decreasing cause by
increasing temperature 8o to 100 °C will decrease soluble oxygen concentration in
solution. Decreasing SS 304 corrosion rate from 3.8859 x 10> mpy at temperatur 80°C
to 3.0603 x 102 mpy at 100°C caused by increasing temperature from 8o to 100 °C
tend to reduce soluble oxygen concentration in solution. Boric acid addition to 2500
and 3000 ppm has the same effect to boric acid 2000 ppm in SS 304 corrosion rate
tendency.
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Figure 1. SS 304 corrosion rate in H,BO, solution at several temperature.
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Fig. 2 shows SS 304 corrosion rate in boric acid at 8o °C decreased after lithium

hydroxide addition
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Figure 2. SS 304 corrosion rate in H,B0, and LiOH mixture at 8o °C.

Comparing corrosion rates data at temperature 100 °C (Fig.3) with corrosion data at
temperature 8o °C (Fig. 2) shows that SS 304 corrosion rate in boric acid and boric acid
+ lithium hydroxide solution tend to decrease cause of increasing temperature from
80 °C to 100°C.
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Figure 3. SS 304 corrosion rate in H,BO,and LiOH mixture at 100 °C
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The research was conducted at temperature 28, 60, 80, and 100 °C in 2000, 2500 and
3000 ppm boric acid concentration with 2.0 and 2.5 ppm lithium hydroxide
concntration. From test result data shows SS 304 corrosion rate is relative small and

the highest corrosion rate occur in 3000 ppm boric acid concentration at temperature
80 °C, namely 4.5913 x 10" mpy. Increasing temperature from 8o °C menjadi 100 °C
decreased SS 304 corrosion rate from 4.5913 x 107 to 4.5264 x 10" mpy. Lithium
hydroxide addition to boric acid containing solution generally decreased SS 304
corrosion rate as P W R pressurizer material. The corrosion experiments in solution
containing H,B0, and LiOH showed that the corrosion rates decreased with increasing
temperature.
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