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ABSTRACT

Remote corrosion measurements in the A=l roactor
serve to the fregquent supsrvision of corrosion situation
ir heayy water circult and to the centrol of inhibitor |

L3

AGSRES .

Corrosion environment consists of heavy water, satu-
rated with carbon dioxide at temperature of 90° C amnd
preszure of 65 at. It circulates in primary circuit at a
veliccity up to 3 m/sec, water temperature varies from
40° to 90° C.

As a basis for this measurement and control, corre-
sion probes, placed i piping of heavy-water circuit out
of the reactor, are used, Each prote is used fer two ty-
pes of measurements: instantaneous coeorrssion rate and
instantaneous corresion attack bshavieur.

For measurement of the instantaneous cerrosion rate
method of polarization resistance, according to Stern and
Geary, 1ls used, Determinatiecn of corrosion attack beha=
vicur is carried out on the basis of current transients
observed in macroelement, which corsists ef tws electro-
des, beth made frcm the same metal ¢f interest.



Corrosiodproblems connactsd with the use of Al-Mg-Si
type of aluminium alloy for the active core callandria,
seme piping and mechanisms that are working in the A-l
reactor under heavy-water environment (pH = 3.5 and high
conductivity as a result of dissolved carben diexide un-
der high pressure) have snforced the use of inhibitor and
the creation of device system for tracing of corrosion si-
tuation during reactor operation.

Biectrochemical nmethods, decribed below, serve as a
part of this above mentiened system.

These meathods are used for current supervision of the
inhibition effect arnd by this way undirectly to the super-
vision of effective inhibitor concemntration. This is very
significant for eperatioral control of periodical inhibitor
dosage into circuit. Moreover they currently give information
on the corrosion attack character in measuring point and by
this way they undirectly serve as treshold indicators of dan-
gerous component concentrations in water.

Described electrochemical measuring methods have been
able teo realize in the A-)]l reactor only in very simplified
formy that’s why all measured values must be criticized ve-
ry carefully and every possible opportunity might be used
for their comparison with real corresion situation,

Mearuring equipment, realized in the A-l1 reactor, enables
to traze the instantaneous corrosion attack character and to
measure the instantaneous uriform corrosion rate in Al-Mg-Si
type of aluminium alloy in heavy=water circuit. Fer both ty-
p® of measurements the same probes are used.

Corrosion attack character is traced according to the
Czechoslovak patent, based oa the principle of ckaracterictic



carrert transitions in macroelement created by twe elec-
trodes both made from the same material ef interest. In
the case of uniform attack the current of this macreele-
ment s constant in time; in the case c¢f pitting attack,
which is accompanied by gas bubbles fermation in pits,
characteristic time changea of current take place.

Jrstantaneous uniform corrosion rate is measured by
tke methcd of polarizatien resistarce, prorossd by Stern
and Geary. This method kas been eiaborated in detail fer
our purpose to present reproducible values in wide inter-
val of corrosicn rates.

Scneme of protes locations in heavy-water circult is
giver ir Fig, 1,

Ons temrcrazy vprobe was built-in into hot-collector
Auring sc-caiiel rez:tor compiex tests, which wsre carried
© .3 n zezn-active c:nditiens and with iignt-water envircn-
zent, Pirrsse of these tests lies in the confirmatiexn of
*Le serviceability c¢f individual devices befere physical
start-up. This prcce worked urder pressure of 65 at and
+amperature up to 90° C, but it was not designed for radio-
a.t_ve osperaticn. Origiral prebes, which morsover must suit
re3 . remects o radilstion stability cf sealing and insulsa-
“irg materials, were prepared im that *ime; they will be
Yaiit~-in Tefcrs phkysical start-up. Original probe No., 1
will be ouiit-~in into cold=collector aci original probe
No. 2 into hot-collector.

Temporary probe which successfully wcrked for 3,600
hours during reactor complex tests is seen in Fig. 2.

This probe consists of a cortainer, in which polyami-
de filler is clcseLy depnsited. In this filler two pairs
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of cylindrical eiectrcdes made from material of interest
(Al-Mg-=Si type of aluminium alley) are again closely depo-
sited. One pair is determimed for regular measurement,

the second one for scme supplementary experimernts, Functi-
onal surfaces of elestrodes are placed on faces im the pla-
ne of immer suzface of tubing. By this way it is secured
that electredes de mot interfere the flew character in mea-
suring pcint. Pige. 3 shows the fumetiomal swrfaces before
tke probe was bullt-in., Origiral prebes fer rediesctive o-
peration will consist only from twe electredes.

In the place under the probe cover these electredes
are connected with Pyrotienax cable using Mermetic ceramic
terminal of Ferranti; Pyretemax jacket is soldered into the
cover, In this piace tramsduscer for water leakage is also
placed-in., This tramsdwcer weuld indicats the case of the
tighting of electrodes in filler amd-er emtrirg of water i
centacts betweem electrodies and Pyretenrax cables,

Corrosion probe 1s Bmilt-in into piping accerding to
Figo 4,

Translational spctd of the water flow in measuring point
reaches 3.3 m/sec, which cerresponds to the maximum velocity
of water flcw in flow=-off tubimg in reactor active core area.

Ccrresicn probes are connected with the help of 60 m
long cabel to the measuring equipment in block supervisien
reom - see Fig. 5. Main pérts of this measuring equipment,
that are operated frem the front panel face, include reeor-
der of EZ 4 typse, switch box and mirror galvanometer, Cir-
cuit disgrem can be seen in Fig, 6., Switches are used, on
the one hand, for cennecting of transducers No. 1 or No. 2,
and cn the ether hand fer cheesing of measurement type — eit-
her for tracimg of corrosion attaek character, or for measu-~
rement of the instantaneous corrosion rate.- see Fig. 7



Durirg tracing of corrosion attack character the cur-~
rent transitions between two electrodes in the same probe
are raegistered; both electrodes are connected in euter cir-
cuit through small resistance. Tco explain the signification
¢f such a measuremsnt we show resilts of one iakoratory
test. During this test piftting ccrrosion was artificially
caused in the same material using the ancdic pcliarization;
simuitaneously the potertial of studied electrodes witz -
respect to the reference saturstel caicmel electrode was
maasuared, current transitiins vetwesn two studied electro-
las were registersd and corrcded surfaces were microscecpi-
<81y .bserved. Scheme of this latzratory circuit diagram
s showr in Fig. 8. Resul®ts received during this experiment
ariabied to interpret the reasons of currsnt irstabiliity in
ma-rcaiemant, frrmed by twec eleztrcies from the same mate-
rial, during pitting type attack.

Fig. 9 coxtairs reccrds of current transitien in macro-
siement at different pctentials with respect to the refe~
rence eiectrode, Abcve certain value of potential, characte-
ristic periczdical changes began to appear; their frequency
grew &-..:rding to the showad cirve. At simultansous microsco~
pin :-tzservation it was found oxt that pitting ccrrosion took
part in single small pit which gas bubbles were released
from. Fregusncy of bubbles creation and release precisely
agree: with record. |

During another sxperiment similar measurements were
carriad cut, but with the help of microscopic examinatien
it was determined that pitting attack tock part in several
small pits. Interfersnce of these several working pits was
the reason for Adlst:rbing of record pericdicity, as it is
shown in Fig. 10,



On the basis of these experiments we impute the cur-
rent instability of macroelement at pitting attack to the
bubbles of gas released in corrosion pit; at the same ti-
m¢ interference of more working peimrts usually takes pla--
ce, but periodical time behavieur also can appear in case
of one working point.

For completeness it is necessary to add that during
these experiments it has not been determined the existen-
ce of socalled critical potential, that would reach some
reproducible values for given material and corrosion euvi-
ronmnent. On the ocntrary it was found out that first indi-
catiens of bubble release from corrosion poeints appear at
different pctentiais depending on eperaticns made with this
electrode fermerly.

Fer corrosion probe used in reactor complex tests the-
re exists the record ol pitting attack and ¢f uniform at-
tack - see Fig. ll. This probe was tested in experimental
loop ef the VUCHZ Brno at parameters analegeus te the A=l
case with the difference that in circuit only tap water
circulated. In this envirenment pitting attack eccured; it
w&sS characterized by record which sample is placed in right-
hand part of this figure, In ene part of these tests even
pariedical effects appeared for short time, their oscille-~
graphic record is shown in Fig. 12.

After the completion of tests in experimentael loop the
probe’s face was mechanically machined and then whole pro-
be was bulilt-in into heavy-water circuit of the A-l reac-
tor; during complex tests it was used at different inter-
vals for attack character tracing. In all cases only time
tehavieur accerding te uniform attack, was measured: see
left~harnd part of Fig. ll. During visual inspection of this



probe after complex tests it was confirmed that no pit-
ting todk part.

A great number of papers, dealing with gquestion of
uniform corrosion rate measurements by means of polariza-
tion resistance is collected up to this date, s0 we are
pointing sut only some characteristic peculiarities con-
nected with its use in the A-l reactor,

For this %ype of measurement only one aluminium e-
lectrode in prcbe is connected, it functions as an indi-
cative electrode. As a rvference and at the same time as
a polarizing electrode serves the piping chassis.

Measurements are realizsd by se ¢f separate measuring
actions, wkizh <zrsist of switching on the chosen constant
pelarizing currsrt from hard power supply btetween indica-
tive electrode end chassis for time interval unavoidably
necessary for the determination of proper overveltage va-
iue te calculate the inverse value of polarizing resistan-
ce, Records of measuring actions at different corrosien
rates are illustrated in Figs. 13 and l14.

Successfulaprn.ication of polarization resistance mea-
surements depends e¢n the determiration of proper overvol-
tage values, This problem is very wide and that’s why we
point out only some practical conclusioens:

a) Measuring actior must net last for unnecessarily leong
time, to avoid serious damaging of original surface con-
dition.

b) betwesn two measuring actions there is necessary to en-
sure sufficient recovsry period.

¢) In records, given in Figs. 13 and 14, overvoltage value
at higher corrosion rates corresponds to the fast chan-



ge juast after switching on the polarizing current and
the measuring action lasts for only several seconds.
At lower corrosion rates, caused either by the sffect
¢f environment parameters or by the effect of inhibi-
ter, the overvoltage value corresponds to the steady-
-state value and the measuring action lasts for tens
of seconds or longer.

d) Polarizing current density must be chosen by such a
way to range in the area of initial linear part of po-
larization curve. In all cases that may gcrur at
the A-1l reactor parameters, current densities, causing
overvoltage values up to 20 mV, can be used with safe-

ty.

‘Polarizing current density divided by evervoltage va-
lue is equal to the inverse value of polarization resistan-
ce; using the callibration graph which has been determined
previexsiy, it is possible to find the instantaneous uni-
form cerrosion rate in units of mm/year. This callibration
graph has been determined by special callibration experi-
ments carried cut in simple laboratory conditioms and in
"test pressure-water reactor loop. The results ot elaectro-
chemical measurements were compared with the resul ts of
conventional weight evaluation - see Fig. 15.

During cocmplex tests of the A-l1l reactor it appeared
tc be very useful to record the potential of aluminium
electrode against chassis not only at polarizatiorn measu-
rements bat also during longer time intervals. Chassis has
relatively constant potential even at different parameters
of corrosion environment while potential of aluminium e~
lectrode depends on these parameters essentially. All it
is clearly seen in Fig., 16, which represents the records
obtained during the initial working period of the circuit.
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At low corrosiocn rates of aluminium alloy of inte-
rest its potential reached values around 300 mV (chassis +,
aluminium alley ~ )}« Gcod agreement has been received bet-
waesn the low corrosion rate in this range of potentials
and the overvoltage transients behaviour during the mea-
suring action, used for the Jetermination of polarization
rasistance. Increase in corrcsion rate was accompanied by
the shift :f *he s_uminium eliectrode potential towards the
less noble values (up to 900 mV ), At the same time chan-
ged the cvervolitage transient benaviour during the measu-
ring &vtlicn.

In later stages of complex tests similar effects we-
re observed if dosing the inhibitor. gt high ccrrosion ra-
te the potential reached values around 1,000 mV and after
the addition of inhibitor, when cormosion rate was lowered
practizaily to zero, the potential shifted o values arourd
200 mV.

Moreover it was found out that *the potential sensiti-
vely fcliows even those changes in corrosion environment
parameters, which do not affect the instantaneous corre-
gicr rate:; hereby we can obtain different supplementary in-
forastioans.

Ccxplex reactor tests, including operation pauses,
when exchange of water in neavy-water circuit was realized,
lasted almost for 5,000 hours, b.t only for about 3,900
hours the circuit was full of water. For the main part of
this time - Z. e, Zor 3,600 hours - corrosion measurement
was carried out. Only for interval ¢f about 300 hours measu-
remert was interrupted -eacuse of faiiure in sealing bet-

nrghe

wean corrosion cover and nozzle flange in piping. This was



the only cne more seri-us defect that gccurred at opera-
tional application ¢f above described corrosicn methodss
mereover it was caused by temporary building-in. This de-
fect cannot repeat during regular eperation as the probe’s
cover will be welded to the nozzle flange.

Simplified course of the instantaneous cerrosion ra-
te during complex tests is given in Fig. 17. Time inter-
vals of run I 4 run IV and cperational interruptiens are
also marked in this diagram.

At first stages cf the comp.ex Sests the corresion
envircnment parameters in heavy-water circuit (temperatu-
re, CO,, flow) were very vunsteady andchenged in a wide
range. The instantanecus corrcsion rate fellowed very sirong-
i1y these parameter changses and varied in the range of 0.00i+¢
40,08 mm/year. Only in the course of run IV the steady para-
meters were reached in the circait - it erabled to carry
out experimental inhibitor dcsage and measurements of its
effect on the instantaneous corrosion rate.

Scme cases, selected from initial stage of complex
tests illustrate the influence of the heavy-water pump stop-
rage and repeated starting - Fig. 1i8.

It is obvious that the instantaneous corrosion rate
was influenced first of all by pump starting, accompanied
by abrupt increase (almost of 550 C) in water temperature
at measuring point. Rapid changes of proper translational
flow velecity did not cause immediate changes of the instan-
taneous ccrresion rate. This conclusicn foliows from the
cocurse character in the neighbourhood of pump stoppage.

One ¢f the most important experiments, carried out
with the equipment for remote corrosicn measurements, dealt
v'th the experimental dosage of inhibiter H5PO4 into the



-~ 2 -

circuit. The recerd of this experiment is shown in Fig. 19.

Rzapid decrease of the initial cerroesien rate value
(C.35 um/year), eccurred severa. minutes after the beginmn-
ing of desikg eperation, i. e. immediately at the moment,
whenr water with inhibiter reached the measurimg point. At
the same mcment the shift of potential te the noble regien
took place. During fellewing hours this decrease slowly eon-
tinued to unmeasurable values below 0,001 mm/year. In this
way the inhibition sffect continued for the whele rest of
the experiment, i. e. approximately fer 2,000 hours, with
exception of short-tima transition interval when functie-~
nal surfaces of electrocdes became cracked as a result of
polyamide filler dilatation (as it was later observed du-
ring visuzal checking of the prcte). By this way part of
the fresh surface was denuded but it was agaln passivated,
that“s why the prcbe was again findirg eut practically ze-

.

ro ccrresicon rate.

At the end it is possible to conclude that during cem-
plex tests of the A-1l reactor the appropriation of descri-
bed electrochemical measurement for tracing of corrosion
situation in heavy-water circuit was demonstrated. After
building-in of original prcbes and after examination in
active conditiems during energetic reactor starting-up, the
deszribed methods will become as a part of regular reactor
cperational control,
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