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Made of austenitic steel at the NSC KIPT, the supercritical water convection loop Loop-1a was running for more
than 500 hours in the first experimental session (in 2011). The materials tested in the loop were placed into a stream
of water (more than 50 g/s) at a temperature of 350...400°C, a pressure of 23...25 MPa, and were irradiated by an
electron beam with an energy of 10 MeV. Sediments that emerged on the inner surface of the loop were examined.
The sediment mainly consisted of compounds of calcium and iron mixed with other elements. There is a possibility
to increase corrosion induced by radiation due to dislocation damage, hydrogenation of metal and under the impact

of active oxygen.
PACS: 82.80.-d; 07.35.+k; 29.20.E;j

INTRODUCTION

The commissioning of nuclear reactors cooled by
supercritical water (SCW) will increase the efficiency of
nuclear power plants [1]. SCW has remarkable proper-
ties — it dissolves many substances, has an increased
heat capacity, etc, but has corrosive activity. The ex-
amination of the corrosive properties of SCW under the
influence of radiation is an urgent task in the develop-
ment of new nuclear reactors [1 - 5]. The described
convection loop (Fig. 1) is made of a pipe with a diame-
ter of 40 mm with a wall thickness of mainly 4 mm (un-
der a heater 1...6 mm). Pipe made of steel-12X18H10T
(AISI 321). Water convection with a mass flow up to
70 g/s was carried out by heating the irradiation cham-
ber with an electron beam of 10 MeV energy, two ex-
ternal heaters and two coolers with pressures up to
25 MPa and temperatures up to 400°C.

1. DEPOSITS INSIDE
THE CONVECTION LOOP

In the first session, the Loop-la was running for
more than 500 h [3, 5]. After the session, the irradiation
chamber (IC) was dismantled from the loop. The
scheme of the loop with the cut out IC is shown in
Fig. 1.
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Fig. 1. Supercritical water convection loop.
The scheme of the loop (a); photos inside the loop (b)

Using a miniature video camera, was shot a video of
the inner surface of the loop pipe. Fig. 1 shows the loca-
tion where the photos was taken inside the loop. The
pipe is mainly covered by whitish sediment, which con-
sists of grains of calcium salts (Fig. 2).
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Fig. 2. Sediments on the inner surface
of the pipe (lower, horizontal part),
grains of calcium salts are visible

A light lilac color coating is observed on the annular
welding seam (Fig. 3). Samples of sediment were taken
from the inner surfaces of the loop, it was possible to
collect part of the coating (sediment) at a distance of 15
and 60 cm from IC, to the right and left of heater Ne 1,
as well as from the blue ring on the weld (see Fig. 3).
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Sample Ne 1 weighing 17 mg, sample Ne 2 weighing
85 mg and sample Ne 3 weighing 2.7 mg were dissolved
in 5% nitric acid, the solutions were filtered and brought
to a volume of 25 ml. On the filters from samples Ne 1
and 2, a dark powder remained, resembling pyrolusite,
weighing about 1 mg.

In August 2019, the Loop-1a with a new irradiation
chamber was running for more than 500 h, the nature of
the internal sediment is basically the same as in the first
session.

2. EXPERIMENTAL RESULTS

In solutions by the emission spectral method with
induction-coupled plasma, the content of elements was
determined using a Shimadzu-9000 spectrometer, the
main of which are shown in Table (weight % in sedi-
ment).

The composition of the sediments on the inner surface of the loop, %

Sample | Ca | Cr | Cu | Fe Mg | Mn | Ni P S Sr
Nel 11.2 { 0.02 | 0.07 | 0.53 | 0.05| 0.04| 0.13 | 0.41 | 0.18 | 0.06
Ne 2 11.8 { 0,01 | 0.05 | 0.38 | 0.01 | 0.04 | 0.05 | 0.49 | 0.21 | 0.07
Ne 3 3.00 | 0.04 | 0.27 | 11.11 | 0.07 | 0.06 | 0.27 | 0.26 | 0.23 | 0.001

As can be seen from the Table, a significant calcium
content was found, as well as a noticeable content of
heavy metals and strontium as a satellite of calcium. In
the sample taken from the place of ring welding (see a
blue ring, sample Ne 3, Fig. 3), an increased content of
iron, nickel, copper and chromium was determined,
which may indicate an increase of corrosion along the
weld. The content of phosphorus in the sample (up to
0.5%) confirms that corrosion of stainless steel occurs
in SCW.

Fig. 3. The blue ring where sample Ne 3 is taken.
A strip of rust and a nearby bluish strip are located
asymmetrically along the diameter of the annular seam

Only for Cr, Mg, Ni are the results for the first two
samples very different. To assess the behavior of micro-
impurities in steel, its spectral analysis was performed
using a Spectrolab M10 spectrometer: C — 0.06; Si —
0.05; Mn — 1.07; Cr — 17.93; Ni — 9.89; P — 0.019; S —
0.033; Cu—0.17; Mo — 0.08; V — 0.04; W — 0.05; Ti —
0.62. It was confirmed that the chemical composition
corresponds to steel X18H10T according to GOST
5632-72 and SCW is being enriched with steel compo-
nents.

Fig. 4. Sediments on the impeller
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Fig. 5. The beginning of the pipe under the lower
heater, the sediment layer is loose, pimples are visible

Fig. 6. The seam above the IC, dense sediments
are mostly whitish

Fig. 7. Upper horizontal pipe

Fi ig.“8. The OL:tj)ui of ‘wc;ier from the cooler 1

181



Experiment 2019 showed that sediment on the im-
peller swirling the SCR flow is more dense (Fig. 4) than
on the straight pipe section (Fig. 7); in the heater region,
the sediment layer is inhomogeneous (Fig. 5), above the
irradiation chamber dense sediment (Fig. 6), yellowish
lamellar sediment from recycled water in the cooler is
the same as in the first session, and characterized by a
high content of strontium (Fig. 8).

CONCLUSIONS

The presence of calcium, magnesium and strontium
in sediments is associated with the presence of these
elements in the source water. Phosphorus and sulfur
came to the water undoubtedly due to corrosion.

Most sediment inside the loop is non-corrosive, and
rust spots and colored sediment indicate corrosion of
stainless steel. At the welds, an increased amount of
sediment is observed. Blue sediment is characterized by
high content of iron, chromium, copper, nickel. In the
area of the heater, the sediment layer is uneven.

Sediment on the impeller is of the same type as on
the straight section of the pipe, but it is more dense in
appearance.

Below the irradiation chamber, sediment is loose
(see Fig. 5), and above the chamber sediment is more
smooth and denser (see Fig. 6). It is possible that phase
transitions of the water in IC from before critical state to
supercritical state and vice versa, contributes to compac-
tion of sediment on the pipe. To clarify this statement,
additional research is required.

The deposits in vertical sections of the loop are
denser than in horizontal sections where stagnant zones
are likely to form.

Sediment in the cooler from recycled water (see
Fig. 8) is characterized by a high strontium content,
even slightly higher than the calcium content. That can
be explained by the lower solubility of strontium salts.

It can be argued that although in SCW is observed
corrosion of stainless steel, however, the thickness of
the walls of the loop practically did not change; there-
fore, the body of the Loop-1a loop can be used in new
experiments.
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NCCJIENJOBAHUE COCTOSIHUAA BHYTPEHHUX MOBEPXHOCTEM CBEPXKPUTHUYECKOM
BOJAAHOU NNETJIN ITOCJIE CEAHCA OBJIYYEHUA

A.HU. Azapos, A.C. baxaii, B.H. bopuckun, B.A. bouapos, ¥O.B. I'openko, M.A. /Jonscex, E.U. 3aityes,
B.A. Momom, B.U. Conooosnukos, B.FO. Tumos, C.B. Illenenko

UzroroBnennas u3 aycreHuTHoW cranu B HHI[ XPTU cepxkputhueckas BOAsHAs KOHBEKIMOHHAs METIS
Loop-1la B mepBoM skcniepuMenTanbHoM ceance (2011 rom) mpopabotana 6onee 500 4. VcnpIThIBagMbIC B METIIEC
MaTepuaibl HaXOMWINCh B MTOTOKEe BojbI (0osee S0 r/c) mpu temneparype 350...400°C, nasienun 23...25 MIla u
00JIyJaauch 3JCKTPOHHBIM ITyukoMm 3Heprueit 10 MaB. MccnenoBanu OTIOKEHUS Ha BHYTPEHHCH MOBEPXHOCTH
TMIETJIN, KOTOPBIE COCTOSIT B OCHOBHOM M3 COEIMHEHUI KaJbLKs 1 JKele3a ¢ MPUMECHIO APYTHX JIEeMEHTOB. Bo3mMox-
HO YCWJICHUE KOPPO3UH IMOJ JCHCTBUEM H3IYUYCHHUS 3a CUCT MUCIOKAMOHHBIX OBPSKICHUN, HABOJOPOKUBAHUS U
aKTHBHOI'O KHCIIOPOJIa.

JOCJII)KEHHSI CTAHY BHYTPIIIHIX TIOBEPXOHb HAJIKPUTUYHOI
BOJISHOI ETJII ICJISI CEAHCY OITPOMIHEHHSI

O.1. Azapos, O.C. Bakaii, B.H. bopickin, B.O. bouapos, IO.B. I'openxo, M.O. [onacex, €.1 3aiiyes,
B.O. Momom, B.1. Conooognikoe, B.JO. Timos, C.B. Illenenko

Burorosnena 3 aycreniTHol cranu B HHI XTI HagkputuuHa BoIsTHA KOHBEKITIHHA et Loop-1a B mepriomy
eKxcriepuMeHTaIbHoMy ceaHci (2011 pix) nponparroBana nonan 500 roa. BunpoboByBaHi y nerni Marepianu nepe-
OyBanu B moroui Boau (nonaxa 50 r/c) npu temmepatypi 350...400°C, Tucky 23...25 MIla i onpomiHIOBasUCs eleK-
TPOHHUM ITy4KkoM eHeprieto 10 MeB. JlocnimKkyBanu BikiIaqeHHs Ha BHYTPILIHIM TOBEPXHI METI, SKi CKJIAAal0ThCs
B OCHOBHOMY 13 CIIOJYK KaJIBINIO 1 3aii3a 3 JOMILIKOIO 1HIIMX eJleMeHTiB. MOXJIMBE TTOCHIIEHHS KOpO3ii mij Jiero
BUIIPOMIHIOBAaHHSI 32 PaXyHOK JMCIIOKAIIHUX YIIKOKEHb, HACHUEHHS BOJHEM 1 aKTHBHOT'O KHCHIO.
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