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Figure S1. Schematic of the sampling positions of trepans taken from RPV of Greifswald-
NPP that were in-operandi representing U1-B, taken at 275 cm and U2-W, taken at —161 cm
from the reactor core bottom as reference (after [1]).
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Figure S2. SEM imaging of the first generation reactor units sample U1-B, revealing the presence
of dark areas of (Mn, S) enriched inclusions and the presence of Mo bright precipitates.
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Figure S3. Microstructural features of base metal samples U1-B showing the distribution of (Mn, S)
inclusions within the matrix, with different size dimensions within the range of ca. ( 6-9 ) um.
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Figure S4. Microstructural features of the weld metal samples U2-W showing more homogeneous
distribution of (Mn, S) inclusion, with smaller size within the range from ca. (11 m to 90 nm) compared
to U1-B.

Figure S5. (Mn, S) inclusions within the first generation base material of U1-B within A)
the inner wall and B) outer wall of the RPV with average size of the inclusions (6-9) pum and
their secondary micro-inclusions of average size of 865 nm.
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Figure S6. Backscattered electron imaging of RPV steel material of U8-B showing (A) the

(Mn, S) inclusions at different locations with size range (1 pm -10 um) level, (B) Mo-
precipitates of size range of ca. 100 nm on their boundaries.

L2

Figure S7. Backscattered electron imaging of the weld RPV material (U8-W) showing the
distribution of the (Mn, S) inclusions with small size range (nm-um) at different locations.

Figure S8. Microstructural features U8-B (left) with (Mn, S)-inclusion of size range up to
20pm material, indicating that the material might undergo inhomogeneity of the composition
mixture at certain locations; and U8-W (right) with more homogenous distributed inclusions.
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Figure S9. XPS survey of base (U8-B) and weld (U8-W) samples.
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Figure S10. Optical image with indication of area analyzed by Raman spectroscopy of the
laser spots taken within the (Mn, S)-rich inclusions of the second generation samples; base
sample U8-B (left) and the weld sample U8-W(right). The length of the scale bar (bottom
right in green each) represents 4 pm.
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Figure S11. Optical image with indication of area analyzed by Raman spectroscopy of the laser
spot taken within the (Mn, S)-inclusion of the first generation samples; of the base (U1-B, left)
and the weld material (U2-W, right). The length of the scale bar (bottom right in green each)

represents 4 pm.
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Table S1. Summary of Raman bands from literature.

Compound Raman bands (cm™) Laser Reference
MnS 635 (s) 514 nm [2]
355 (w), 637 (S) 514 nm [3]
350 (w), 650 (s) ? [4]
(Fe,Mn)S 276 (s), 314 (m) 532 nm [5]
FeS 282 (m) 532 nm [5]
(mackinawite) | 216 (s), 278 (s), 390 (m) 532 nm [6]
207 (w), 254 (w), 296 (s) 633 nm [7]
FesSs (greigite) | 342 (s) 532 nm [5]
188 (w), 250 (w), 351 (s), 366 (w, sh) 633 nm [7]
S 154 (s), 221 (s), 437 (w), 474 (s) 532 nm [6]
Fes04 292 (w), 524 (w), 665 () 647 nm [8]
(magnetite) 350 (w), 535 (w), 672 (s) 514 nm [9]
665 (s) 532 nm [10]
a-Fe203 224 (s), 243 (w), 290 (s), 406 (m), 494 (w), | 647 nm [8]
(hematite) 607 (w), 1310 (m, br)
220 (m), 280 (m), 400 (w) 532 nm [11]
v-Fe203 290 (w), 339 (s), 378 (s), 507 (s), 575 (w), | 647 nm [8]
(Maghemite) 630 (s), 657 (s), 723 (s), 1417 (m, br)
NiO 480 (s, br) 532 nm [12]
Cr203 350 (s), 527 (w), 552 (s), 613 (s) 647 nm [13]
302 (w), 347 (w), 550 (s), 608 (w) 532 nm [12]
NiFe204 325 (w, br), 455 (s), 488 (sh), 565 (w), 650 | 532 nm [12]
(sh), 695 (s)
488 (m), 570 (m), 592 (m), 705 (s) 647 nm [14]
NiCr204 430 (w), 514 (s), 685 (w) 647 nm [14]
425 (m), 508 (s), 549 (m), 665 (S) 532 nm [12]
MnFe204 340 (w), 456 (w) 563 (w), 646 (s) 532 nm [15]
643 (s) 532 nm [5]
silicate ~960-1050 (s, br) ? [16]
770 (m), ~1000 (s) 633 nm [17]
330 (m), 654 (m), 674 (669) (s), 1003 | 532 nm [6]
(1005) (s)

S ... strong, m ... medium, w ... weak; br ... broad, sh ... shoulder
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