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Fig. 14. AES analysis showing P and S segregation at exposed | d facets of sp d from different locations: (a), (b) SEM micrograph of the fracture
surfaces taken from the columnar grain zone and homogenized zone, respectively. (), (d) Auger electron energy spectra obtained from (a) and (b), respectively.

Aclknowledgements

The authors are appreciative of the Mational Natural Science Foun-
dation of China (Grant No. 52405407) and Tianjin Municipal Education
Commission (Grant No. 2023EIJ190) for supporting aspects of this
research. Our deepest gratitude goes to the editors and anonymous re-
viewers for their careful work and thoughtful suggestions that have
helped improwve this paper substantially. Dr. Yuhang Li shows a great
appreciation on his wife Mrs. Xiao Yuan (TUV Rheinland Lid.). for the
support and dedication on his research. Dr. Youhang Li shows his
acknowledgement to lab mates Congoong Xia and Chong Deng for their
great help on using the DIC equipment, thanks fellows Haiwei Zhao and
¥i Miao for their assistance on the fracture toughness testing and the
calculation of J parameter. Special thank goes to Ms. Liping Yang, the
AESASEM operator from the departtment of chemistry (Tsinghuwa Uni-
versity), for her careful and professional assistarnce on using AES ard
subsequent data processing.

B 16 F2 07 A% BN 1 7T R A

14 / 18



THHERZE L TAERR 2025 S5 5 1]

%. [DKIE M HERERER]
5.1 BT P A1 4 B ERREZE

BERE AT 6T 2022 4E/EM BN B OEKIICRE RN, RIWT 4 6 EE—i
KBRS BT, 73 DI e X 806 T REIE A R il T REIE AL . %47
B[] RS P B B B ST S e AT A A . 2025 4 9-10 A #ilE], UG
A TR 22 2 7E [F 55 8% D308 J5 1]«

EH TR X SR T AEHY C EnviroESCA) 2 — & JEAL/ Tt 73 Bl i)
b, R ERARLIURE . BRA T BEAT, &R, KR 6
MRS R A AR N RO LOURAE, REWE R T40 5. MARL BTREIR . A5 R4
t, TEJRAL R SR AE T TR St

17 3% s X S0 R T REIE{X C EnviroESCA)
B T REIE A (PHI 7100 Rz K S H 7k, TAE T 0.1~25kV,
TIRETFEB PR 4nm, CMA 73 iTes, BEEDHEER 0.5%~0.1%1E 4L 1]
Bif5 FIB. EBSD %55k .

15 / 18



HERED L TAERR 2025 £E55 5 ]

Kl 18 B 7RIS (. (PHI 710)

AT TR] VG A (M6 Hybrid) J&—% TOF-SIMS fili & Orbitrap [
AREEHE Orbi-SIMS, H&HE MR 2H (/D —IXEFREA<SOnm) . =D
#E (M/AM>240000 at 200amu) FZIJRES JERE S, @ TAEERT . AT
SR FERITE ST

B 19 RATHS R IR ES 7R A (M6 Hybrid)

16 / 18



THHERZE L TAERR 2025 S5 5 1]

HAS RUE ST AR W4T A 61X (VERTEX 80v) SR 26, AIHBRKRR
HRIK IR, AT SE AR A 1) R BRI AR e 1, B it AT e 2 e 5,
EAP PR TR PR R AN VG I & .

B 20 EERUE T HAR T A3 (VERTEX 80v)

. [EEAEEN]

6. 1 AT BT AR 5 R E L2 E A R H R4 B R ET S
R4 R 80 LR AL

2025 4F 9 H 3 H, & E A RYTH 54 8t 5278 i 4 EF) 80 J& 41
RETERZ BEELRAT . ST SGRA R DBEARTERL R, D203 2 iE
HEWERZERE. RKESFNER 7t il ERERE, TR%EZR
FE SRR EEYHE, SEEWE TR A BN A O ER R
Rl , % E 2 1 5 RE B SO AR A o X R SR Z 1% ok 5 A A B K 30 17,
WA RFAES Ja I TAER %% e e, DASE I ™ & TR R B azm £l
Fehe, I R B SR E N T .

17 / 18



B 21 56 ST LA 58 BIREAER RS K= Bl

6. 2 3 SCHR T IR fE 1S

2025 £ 9 A 4 HN, W SO RHE S W= H T R i m ik 4
W R IR S T AN RE , AIFEY] A 7. il 8EE .
FERRAS, M Ml RIVE MO0 AR 5 ARG IR RSO R
o AR NG, WHERERR AR RS iUt T g adt . iy
Mo BRSSO R R 2R . MR BRI SRR, BAE il
o PRI ARG, HESh SR el BB BB

BiJe, ¥r—JESCHE R AT IR SRR, M ST
il BFEERIC, JFUR &R T SCRRZR R 4 B 58 SCAE sl
BEAT TG, #5E 13 SCRBIESN I A, Wb R BRI, LB HE . WS
WA, DFEEESINE, 85058 5 FLE R A, SR 30/INEIT 5
SAER, HESNTER TR MR FIRAE LR

}1" )
st

B 22 ka2 ESCHAE T M AR R4S

18 / 18



