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Abstract

Ensuring the long-term integrity of structural materials in extreme environments is a critical
challenge in the design of equipment for nuclear fuel cycle operations. In particular, the
durability of materials exposed to high temperatures and chemically aggressive environ-
ments during the processing of irradiated reactor components remains a key concern. This
study investigates the high-temperature corrosion behavior of 12Cr18Ni10Ti austenitic
stainless steel in the reaction chamber of a beryllium chlorination plant developed for
recycling irradiated beryllium reflectors from the JMTR (Japan Materials Testing Reactor).
The chlorination process was conducted at temperatures ranging from 500 ◦C to 1000 ◦C
in a chlorine-rich atmosphere. Post-operation analysis of steel samples extracted from the
chamber revealed that uniform wall thinning was the predominant degradation mecha-
nism. However, in high-temperature regions near the heating element, localized forms
of damage, specifically pitting and intergranular corrosion, were detected, indicating that
thermal stresses exacerbated localized attack. These findings contribute to the assessment
of the service life of structural components under extreme conditions and offer practical
guidance for material selection and design optimization in high-temperature chlorination
systems used in nuclear applications.

Keywords: high-temperature corrosion; austenitic stainless steel; beryllium chlorination;
JMTR nuclear reactor; irradiated beryllium reflectors; pitting and intergranular corrosion

1. Introduction
The development of effective technological solutions for handling spent structural

materials from research nuclear facilities remains a critical challenge in the nuclear in-
dustry [1–5]. During the decontamination of beryllium reflectors irradiated in research
reactors, high-temperature chlorination has emerged as a promising method for removing
accumulated radionuclides [6–10]. This process enables the conversion of beryllium and the
radionuclides it contains into volatile chlorides, followed by their separation and disposal.

However, the implementation of this process is associated with several significant
challenges, including high toxicity, radiological hazards, and a lack of systematic data on
the rates and mechanisms of chlorine interaction with beryllium at temperatures above
500 ◦C. To address this, a sealed reaction chamber was developed [9,11,12] with a rectan-
gular welded design manufactured from 12Cr18Ni10Ti stainless steel in accordance with
GOST 5632-72 tubing [13]. During operation, the chamber is exposed to an aggressive
chlorine gas medium at elevated temperatures, and due to the exothermic nature of the
chlorine–beryllium reaction, the internal temperature can rise to 700–1000 ◦C. The most
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thermally stressed region is the heater zone containing beryllium, while weld quality is
critical for ensuring leak-tightness and overall system reliability [9,11,12].

Austenitic corrosion-resistant steel 12Cr18Ni10Ti (analogous to AISI 321) was selected
as the construction material for the reaction chamber due to its high resistance to intergran-
ular corrosion and proven performance in chemically aggressive environments at elevated
temperatures. Nevertheless, its corrosion behavior in gaseous chlorine above 500 ◦C has
not been systematically investigated. Previous findings describe the corrosion of steels and
nickel-based alloys in molten lithium and beryllium fluorides at 650–700 ◦C under chloride
environments [14–17], but a unified mechanism of high-temperature chlorine-induced
degradation of steels has yet to be established. It is widely recognized that one of the key
drivers of general corrosion in molten chlorides is the presence of oxidizing agents [18,19],
including medium cations, impurities, and components of structural materials in contact
with the melt [20,21].

Furthermore, studies have shown that beryllium actively interacts with technical-
grade iron and molybdenum, producing reaction layers up to 50–100 µm thick at 800 ◦C
after 6 h of exposure [22]. Reference data indicate that the corrosion rate of 12Cr18Ni10Ti
steel in chlorine is 3.04 mm/year at 344 ◦C and exceeds 10 mm/year at 398 ◦C, making its
use above 350 ◦C undesirable without specialized investigation [20]. Additionally, research
on 321 steel (compositionally similar to 12Cr18Ni10Ti) has revealed high sensitivity to
temperature, the presence of chlorides [16,23–25], and oxidizing agents [18,19,26,27].

Thus, there is a clear lack of systematic data on the behavior of 12Cr18Ni10Ti steel
under high-temperature chlorination conditions, particularly in the presence of irradiated
beryllium. At the same time, current research in this field is largely focused on detritiation
(removal of tritium) from irradiated beryllium or on the development of laboratory-scale
purification methods. However, no industrial-scale technology has yet been established,
and irradiated beryllium is currently stored as radioactive waste. The foundation for
potential industrial implementation was laid by the “dry” method developed at JAEA [28],
in which beryllium and its main radionuclides are converted into chlorides, followed
by the reduction of beryllium back to metallic form. This gap motivated the present
study, which investigates the corrosion behavior of 12Cr18Ni10Ti steel in the reaction
chamber of a beryllium chlorination facility developed for processing irradiated beryllium
reflectors from the JMTR [29]. This experimental context enabled testing under conditions
closely approximating real-world operation, involving both severe thermal gradients and
chemically aggressive media.

Beyond the specific context of JMTR, the corrosion behavior of austenitic stainless
steels such as 12Cr18Ni10Ti in chlorine-rich high-temperature environments is also relevant
to the long-term structural integrity and decommissioning strategies of fast reactors. As
the world’s first industrial fast neutron reactor with a sodium coolant, BN-350 [30–33]
represented a foundational milestone in the BN-series, including the BN-600, BN-800, and
BN-1200M designs. Although its operation officially ended in 1999 and the reactor has been
decommissioned, the evaluation of long-term corrosion degradation remains crucial for
ensuring safe dismantling and developing effective treatment technologies for irradiated
stainless steel components [34].

This study aims to comprehensively assess the nature, depth, and mechanisms of
corrosion damage in 12Cr18Ni10Ti steel exposed to chlorine conditions at temperatures up
to 1000 ◦C. Particular emphasis is placed on thermally affected zones and welded joints,
with attention to how welding defects influence localized corrosion. The findings are
expected to define the limiting conditions for the reliable use of 12Cr18Ni10Ti steel and to
provide guidance for the design of similar facilities.
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2. Materials and Methods
The experiments were carried out at the IAE branch of the NNC RK using a high-

temperature chlorination facility based on the “dry” purification method developed at
JAEA [28]. This method converts beryllium and associated radionuclides into volatile
chlorides, which are subsequently removed and separated.

In these experiments, a rod from the beryllium reflector of the JMTR research re-
actor, grade S-200F (Brush Wellman Inc., Cleveland, OH, USA), was used [35]. The ir-
radiation period was from 1968 to 1975 under a thermal neutron flux of approximately
8.0 × 1013 n/cm2/s and a fast neutron flux of 7.5 × 1012 n/cm2/s, with a total fluence of
~1020 n/cm2. The reflector rod contained 98.39 at.% beryllium, ~1.3 at.% beryllium oxide,
and ~0.31 at.% of other chemical elements. The chemical composition is summarized in
Table 1, while the radionuclide inventory is reported in [36]. The chemical composition of
12Cr18Ni10Ti steel, presented in Table 1, is based on the material certificate provided by
the manufacturer.

Table 1. Chemical composition of JMTR reactor beryllium, at.%.

Element Be BeO Fe C Al Si Mg N Cl Ni Others

Content >98.3 <1.3 <0.16 <0.15 <0.10 <0.08 <0.05 <0.05 <0.04 <0.03 <0.08

The reaction chamber of the irradiated beryllium processing facility—a cyclic
chlorinator—is a welded rectangular structure made from a 57 mm pipe (made of
12Cr18Ni10Ti grade stainless steel), with two flanged connections. To ensure safe op-
eration at elevated temperatures, the reaction chamber was fabricated from 12Cr18Ni10Ti
austenitic stainless steel (analogous to AISI 321) instead of quartz glass, which was used in
the initial JAEA design. The chemical composition of the steel is provided in Table 2.

Table 2. Chemical composition of the 12Cr18Ni10Ti grade steel, wt.%. Adapted from ref. [26].

Material Fe C Cr Ni Ti Si Mn P S

12Cr18Ni10Ti Base 0.12 17.00 10.66 0.50 0.80 1.67 0.03 0.02

The schematic diagram of the chlorination facility is shown in Figure 1a. The installa-
tion consisted of a gas supply and exhaust system, a cyclic chlorinator, a cobalt chloride
filter, heat exchangers, and collection tanks for beryllium chloride and hydrochloric acid.
The cyclic design of the chlorinator allowed for regulation of the completeness of the
chlorine–beryllium reaction over a wide range of rates by adjusting the working cycle time.

Uniform heating of the chamber was achieved by natural convection of the working
gases (argon during purging, followed by chlorine during reaction) along the closed circuit
of the chlorinator. This circulation was maintained by a diagonally positioned heater
and cooler, which created a ~100 ◦C temperature difference and induced a stable average
reagent flow velocity of ~0.8 m/s. The reaction chamber itself measured 1 × 2 m (with
a rectangular welded design made from steel tubing (57 mm in diameter with a wall
thickness of 3.85 mm) and was constructed from 12Cr18Ni10Ti austenitic stainless steel to
withstand aggressive media at high temperatures.

Chlorination of irradiated beryllium was performed by introducing chlorine into the
reaction chamber at a rate of ~1 g/s. The working cycle temperature (~727 ◦C) ensured
efficient reaction between chlorine and beryllium, producing gaseous chlorides of beryllium,
cobalt, and tritium. Due to the exothermic nature of the chlorine–beryllium reaction,
additional self-heating occurred, and local chamber temperatures reached up to ~650 ◦C
during the trials.
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Figure 1. Schematic layout of the high-temperature chlorination chamber (a) and positions of
extracted samples for metallographic examination (b).

After exiting the chlorinator, the gas mixture passed through the cobalt chloride filter
(CCF), where cobalt and cesium chlorides were precipitated, while beryllium chloride,
tritium, and free chlorine passed through. Hydrogen was then introduced downstream of
the filter, serving two functions: (i) neutralizing residual chlorine to prevent the emission
of hazardous byproducts, and (ii) providing a carrier medium for radioactive tritium.
The resulting beryllium chloride and hydrogen chloride were cooled and collected in the
facility’s storage tanks.

To reproduce chlorination conditions for an irradiated beryllium reflector rod, two
experimental trials were conducted with a total duration of ~20 min each. During the
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experiments, the chamber temperature increased from an initial ~200 ◦C (at the moment of
chlorine injection) to a maximum of ~650 ◦C by the end of the process, due to combined
external heating and the heat released by the exothermic reaction.

After chlorination, the chamber was disassembled, and four steel specimens were
extracted for metallographic analysis from the locations shown in Figure 1b:

• Sample No. 1—tube section from the cooler zone;
• Sample No. 2—weld joint located in the cooler zone;
• Sample No. 3—tube section from the heater zone;
• Sample No. 4—weld joint located in the heater zone.

Sample preparation was performed using a FORCIPOL 1V grinding–polishing ma-
chine (Metkon Instruments Inc., Bursa, Turkey). Cross sections were ground with SiC
abrasive papers up to 2000 grit and polished with diamond pastes down to 1 µm. After
each step, the specimens were cleaned with alcohol, rinsed, and dried in warm air. The
polished surfaces were etched in a boiling 10 wt.% oxalic acid solution for 20 s to reveal the
microstructure and measure the average grain size.

Microstructural investigations were carried out using a JSM-6390 scanning electron
microscope (Jeol Ltd., Akishima-Shi, Tokyo, Japan).

Tungsten Inert Gas (TIG) welding, using a non-consumable electrode, is regulated by
several GOST standards, in particular GOST 14771-76 [37], which defines the main types,
structural elements, and dimensions of welded joints performed using arc welding in
protective gases, including argon. Inspection was carried out by GOST R 50.05.09-2021 [38]
and GOST 18442-80 [39].

3. Results
The difference in the internal surface condition of the walls with maximum and

minimum thermal stress is of particular interest (see Figure 2).

   
(a)  (b) 

Figure 2. External view of the studied chlorinator elements: (a) section located at the cooler position;
(b) section located at the heater position.

During the post-experimental studies, a metallographic analysis was performed on
the most and least thermally stressed areas of the reaction chamber, specifically at the
locations of the heater, the cooler, and the welded joints in the coldest and hottest zones of
the chlorinator during the technological process.
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3.1. Macroscopic Analysis

This subsection summarizes the results of macroscopic observations of the internal
surfaces of the specimens (see Figure 3), revealing the overall pattern of corrosive interaction
with chlorine.

       

(a)  (b)  (c)  (d) 

Figure 3. Macroscopic image of the internal surfaces of the tested specimens after chlorination:
(a) Sample No. 1—cooler zone; (b) Sample No. 2—weld in cooler zone; (c) Sample No. 3—heater
zone; (d) Sample No. 4—weld in heater zone.

Visual inspection of the internal surface of Sample No. 1 (Figure 3a) revealed no
evidence of corrosion products. In the heat-affected zones of Samples No. 2 and No. 4,
localized brownish discoloration was observed, suggesting oxidation in these areas. At
distances greater than ~3 mm from the weld seam, the internal surface of Sample No. 2
remained clean and free of visible chemical attack. In contrast, Sample No. 3 (Figure 3c),
taken from the heater zone, exhibited a dense black surface film. The internal surface of
Sample 4 displayed black spots up to 1 mm in diameter.

3.2. Microstructural Analysis

The results of microscopic investigations are presented in Figures 4–7.

   
(a)  (b) 

Figure 4. Internal surface of Sample No. 1: (a) under magnification of ×130; (b) under magnification
of ×500.
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(a)  (b) 

Figure 5. Internal surface of Sample No. 2: (a) base metal region; (b) heat-affected zone near the weld.

   
(a)  (b) 

Figure 6. Internal surface of Sample No. 3: (a) under magnification of ×250; (b) under magnification
of ×1500.

   
(a)  (b) 

Figure 7. Internal surface of Sample No. 4: (a) base metal region; (b) heat-affected zone near the weld.

The analysis revealed that corrosion features varied between samples. In Sample No.
1 (Figure 4), taken from the cooler zone of the chamber, the internal surface exhibited rela-
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tively uniform morphology with low-density pitting and no signs of cracking or inclusion
formation. The shallow pits, typically below 20 µm in depth, suggest limited corrosive
interaction under the lower temperature conditions of this region. In the heat-affected zone
of Sample No. 2 (approximately 3 mm from the weld), additional cracks were detected
(Figure 5b). The internal surface of Sample No. 3 (Figure 6) exhibited finely dispersed
inclusions approximately 5 µm in size, appearing as dark contrast regions in the SEM
images. Although their exact composition and conductivity could not be confirmed, their
morphology suggests the presence of corrosion-related surface deposits or reaction prod-
ucts. In Sample No. 4, no cracks were observed; however, black surface deposits (Figure 7a),
presumably reaction products formed during chlorine exposure, were found to protrude
above the base surface and exhibited a microcracked morphology.

Overall, macro- and microstructural analyses confirmed chlorine interaction with
the chamber material. The damage was non-uniform and manifested primarily as pitting
erosion [40,41].

3.3. Wall Thickness Evaluation

To measure the wall thickness of the reaction chamber and determine the depth of
pitting degradation, the end faces of the specimens were subjected to mechanical grinding
followed by electrolytic polishing. It is important to note that the initial wall thickness
of the tube was taken as 3.85 mm, in accordance with the tolerance specified in GOST
8734-75 [42] (±10%) and the measurements carried out.

The appearance of the polished cross-sections is shown in Figures 8 and 9. Dimensional
markings were applied to the images to indicate the measurement points used in the
thickness evaluation.

   
(a)  (b) 

Figure 8. Cross-section of the reaction chamber wall: (a) Sample No. 1; (b) Sample No. 3.

The results of the residual wall thickness measurements obtained from metallographic
specimens are summarized in Table 3.

Table 3. Wall thickness of the chlorination chamber.

Sample No. 1 No. 2 No. 3 No. 4

Side Top Side Bottom

Wall
thickness, mm 3.32 ± 0.005 3.31 ± 0.005 3.65 ± 0.005 3.30 ± 0.005 3.22 ± 0.005 2.76 ± 0.005
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(a)  (b) 

Figure 9. Longitudinal section of the reaction chamber wall: (a) Sample No. 2; (b) Sample No. 4.

Analysis of the data presented in Table 3 shows that the minimum wall thickness
(observed in Sample No. 4) is 2.76 mm, corresponding to the bottom section of the chamber.
The wall thickness in Sample No. 3 (3.30 mm) was slightly higher but still indicative of
notable material loss in the heater zone. The side wall thickness of Sample No. 2 matched
that of Sample No. 1 (3.31–3.32 mm), indicating minimal degradation in the cooler region.
The bottom wall of the reaction chamber, as inferred from Sample No. 4, was the most
affected, with material thinning exceeding that of all other sections.

Assuming an initial wall thickness of 3.85 mm, the maximum erosion depth was
observed in the heater zone (Sample No. 4) and amounted to 1.09 mm, suggesting localized
thinning due to prolonged exposure to high temperatures and reactive chlorine species.

3.4. Localized Damage and Structural Changes

To assess the depth of pitting damage and analyze structural changes in the chamber
wall material, the edges of the specimens were subjected to mechanical grinding followed
by electrolytic polishing. The resulting images (Figures 10–13) provided detailed insight
into the damage morphology and zones of localized structural modification.

Sample No. 1 (Figure 10) showed pitting up to 17 µm in depth and 131 µm in width.
Samples No. 2 and No. 4 (Figures 11 and 13) displayed characteristic “knife-like” erosion
in near-surface regions. Sample No. 3 (Figure 12) was the most affected, with a modified
layer up to 140 µm thick and evidence of intergranular corrosion along grain boundaries.

In Figure 12b–d, grain boundaries are visible due to microstructural contrast, indicat-
ing zones where structural damage occurred.

A summary of the measured depths of structural modifications, pits, and cracks for all
samples is provided in Table 4.
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Table 4. Results of localized damage depth measurements for 12Cr18Ni10Ti steel.

Sample No. 1 No. 2 No. 3 No. 4

Side Top Side Bottom

Maximum depth of
modified layer (µm) 20 30 38 137 35 34

Maximum pit depth
(µm) 16.7 17 17 40 20 20

Maximum crack depth
(µm)

No cracking
was observed 56 40 72 43 15

(a)  (b) 

Figure 10. Near-surface layer of the cross-section of Sample No. 1: (a) general view of the analyzed
area; (b) depth of localized damage.

   
(a)  (b) 

Figure 11. Near-surface layer of the longitudinal section of Sample No. 2: (a) side wall; (b) top
surface.
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(a)  (b) 

   
(c)  (d) 

Figure 12. Near-surface layer of the cross-section of Sample No. 3: (a) general view of the de-
graded surface layer (×400); (b) modified layer (~72 µm) with highlighted grain boundaries (×800);
(c) altered structure zone (×370); (d) analysis points marked for enhanced visualization (×1000).

   
(a)  (b) 

Figure 13. Near-surface layer of the longitudinal section of Sample No. 4: (a) side wall; (b) bottom
surface.
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The weld joints of Samples No. 2 and No. 4 (see Figure 14) consist of three characteristic
zones: the base material, the heat-affected zone, and the weld metal. For a detailed analysis,
four specific areas on the investigated surface were selected for SEM examination. These
regions are marked in Figure 14.

   
(a)  (b) 

Figure 14. External appearance of the welded joints in the chamber wall: (a) Sample No. 2; (b) Sample
No. 4.

The weld joint of Sample No. 2 contains a region (Zone 1) interpreted as incomplete
fusion (lack of penetration) (Figure 15a), with an approximate depth of 1 mm and an average
width of 70 µm. Although image quality limits definitive confirmation, the morphology
suggests a channel-like feature that could allow chlorine to penetrate between the base
metal and weld metal, potentially compromising the integrity of the joint. As shown in
Figure 15b, this channel is filled with a non-conductive material, presumably chlorides of
steel components.

   
(a)  (b) 

Figure 15. Weld joint area of Sample No. 2: (a) region with incomplete fusion (lack of penetration);
(b) surface view of a channel filled with non-conductive material.

The weld in Sample No. 4 (see Figure 16) also exhibits imprecise edge alignment,
resulting in the formation of a narrow channel (~17 µm wide) filled with chloride com-
pounds extending into the weld metal region. At the pipe interface, dark bands are
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visible (Figure 16b), indicating near-surface structural alterations. The depth of the struc-
turally modified layer in this area averages 35 µm. Similar modified zones were observed
in the near-surface investigations of other samples, with Figure 12c offering the most
illustrative example.

   
(a)  (b) 

Figure 16. Weld joint area of Sample No. 4: (a) external view of the incomplete fusion region (lack of
penetration); (b) near-surface structural changes in the weld zone.

In the weld root areas of both samples, cavities were observed (highlighted as Zone 2 in
Figure 14). Their appearance is shown in Figure 15. Surrounding these cavities, structurally
altered zones (3, 4, 4.1, and 4.2) were identified, reaching up to 150 µm in depth in the base
metal and up to 400 µm in the weld metal.

Aside from these features, the overall structure of the weld metal in both joints showed
no evidence of pores, cracks, or non-metallic inclusions.

The bright phases observed in the crack zones (Figures 15 and 16) and in the weld
root region (Figure 17b) are interpreted as corrosion products, most likely chloride-based
reaction deposits formed during exposure to chlorine at elevated temperatures. Although
their exact chemical composition could not be confirmed due to radiological restrictions
on EDS analysis, their presence indicates filling of microvoids and cracks, which may
contribute to localized stress concentration and further material embrittlement.

   
(a)  (b) 

Figure 17. SEM images of the weld root: (a) Sample No. 2; (b) Sample No. 4.
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4. Discussion
To assess the degradation behavior of 12Cr18Ni10Ti stainless steel under chlorine

exposure and thermal loading, a quantitative analysis was performed using microstructural
data. The maximum depths of the modified surface layers, pits, and cracks measured for
four representative samples were correlated with their estimated operating temperatures,
determined from the known layout of the chlorination chamber: Sample No. 1 (cooler
zone) ~350 ◦C, No. 2 ~400 ◦C, No. 3 (heater zone) ~1000 ◦C, and No. 4 ~900 ◦C. These
estimates are consistent with the chamber’s thermal distribution model and previously
reported operational data [9,11,12].

As shown in Figure 18, degradation severity increased with temperature. The thickest
modified layer (140 µm) and deepest pits (up to 40 µm) occurred in Sample No. 3 (heater
zone), confirming that elevated heat accelerates chlorine-induced corrosion. This temper-
ature dependence agrees with high-temperature chlorination studies of stainless steels,
which reported rapid breakdown of passive films and enhanced intergranular attack above
~600–700 ◦C [15,43]. Similar acceleration of surface degradation in chlorine-containing at-
mospheres has been documented in oxidation studies of AISI 321 and related steels [44,45],
where increased oxide volatility promotes penetration of chlorine species.

Figure 18. Depth of localized corrosion damage (modified layer, pits, and cracks) in 12Cr18Ni10Ti
samples.

A second controlling factor was weld integrity. Significant localized damage, including
cracks and knife-line attack, developed in Samples No. 2 and No. 4 despite their lower
thermal loading. This behavior aligns with reports that incomplete penetration, poros-
ity, and heat-affected zone (HAZ) heterogeneities in welds serve as preferred corrosion
initiation sites [46]. Metallurgical investigations of AISI 321 welds show that extensive
carbide precipitation and subsequent σ-phase formation in the HAZ reduce local chromium
availability and promote intergranular attack. Moreover, filler-metal selection strongly
influences susceptibility: pulsed-GTAW studies demonstrated that ERNiCrMo-3 welds in-
troduce deleterious Laves phase, whereas ERNiCrMo-4 provides superior microstructural
stability and corrosion performance. The concentration of cracks at weld regions in this
study is consistent with these metallurgical observations [47].

Inclusions also played a role in localization. The dark features observed in Samples
No. 3 and No. 4 correlate well with TiN inclusions, which have been identified as galvanic
pit initiation sites in AISI 321 stainless steel [23,48,49], whereas TiC inclusions remain
comparatively inert [50,51]. The linkage of pit initiation to inclusion chemistry explains the
transition from shallow, scattered pits in cooler zones to deeper, crack-associated damage
in high-temperature weld-adjacent regions.
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Taken together, the results indicate that degradation in chlorine is governed by a
dual dependence: (i) temperature sets the depth and rate of uniform corrosion, while
(ii) microstructural heterogeneity—particularly weld defects and TiN inclusions—
dictates localization.

The quantitative assessment of layer, pit, and crack depths across a realistic ther-
mal profile provides new insight into the operational performance of 12Cr18Ni10Ti in
high-temperature chlorine environments relevant to JMTR beryllium reflector treatment.
Practically, these findings highlight the need for strict weld quality control, prevention of
incomplete fusion, optimized filler-metal selection, and effective temperature management
to extend the service life of structural components in nuclear chlorination systems.

5. Conclusions
This study provides a comprehensive characterization of the behavior of austenitic

stainless steel 12Cr18Ni10Ti under high-temperature chlorination conditions during the
treatment of an irradiated beryllium reflector retrieved from the JMTR research reactor.
The results demonstrate that under thermal exposure up to 1000 ◦C in a chlorine-rich
atmosphere, the steel primarily undergoes general erosion, with localized pitting and
intergranular corrosion observed in thermally stressed regions and welded joints. The
most severe degradation was observed in the heating zone, where the wall thickness
decreased to 2.76 mm, and a modified surface layer of up to 140 µm was detected for 20 min
of exposure. The formation of microcracks and local welding defects further intensified
corrosion, creating pathways for chlorine ingress and promoting structural transformations.

These results are of significant practical relevance: they provide well-defined thresh-
olds for the use of 12Cr18Ni10Ti steel in systems designed for the chlorination of activated
beryllium materials and establish guidelines for weld quality control and thermal operation
limits. The outcomes of this study may, therefore, be applied in the design and safety as-
sessment of similar chlorination systems in the nuclear industry, especially those intended
for processing irradiated beryllium components accumulating radionuclides under reactor
conditions such as those in JMTR.
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