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The Effect of Laser Surface Treatment on Alloy 52
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Abstract

Laser Surface Treatment (LST) is used to repair the surface of overlaid nickel based metal Alloy 52 in this study.
In simulating of welding decay by aging heat treatment, chromium carbide had precipitated in grain boundary, caused
the decrease of corrosion resistance. Laser Surface Melting (LSM) is now considered to be a solution of grain boundary
segregation. In addition to the investigation of metallurgic, Modified Huey Test and DL-EPR were applied to evaluate
the improvement of corrosion resistance. Surface Residual Stress was examined by High-Speed Hole-Drilling strain
gauge method.

In comparison with As-Welding (AW), LSM had increased the surface tensile residual stress, but still lower than its
own yielding stress. Metallurgic showed that chromium and titanium carbide were resolved and redistributed in melting
zone, which made the intergranular and interdendritic corrosion markedly improved. However, the un-melted carbide in
the heat effect zone lowered the corrosion resistance and pitting was discovered. Therefore, the study suggests that
using the high energy density 24.44J/mm2 for Alloy 52 surface treatment of laser remelting has the best effect.
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Fig.1 -~ Reactor with circulating water pipeline design and welding overlay Schematic diagram
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Table 1 ~ Alloy 52 welding electrode element composition sheet (wt-%)*
Ni Cr Fe Mn Ti C Si P S Cu Al

wit(%) | 60.39 [ 28.91 | 8.89 0.25 0.51 0.03 0.16 | 0.003 | 0.001 | 0.01 0.64

Table 2 ~ Alloy 52 Mechanical Properties *

Ultimate Tensile 0.2% Offset Yield Elongation (%)
Strength(MPa) Strength (MPa)
Alloy 52 552 276 35

*ZRI Y E TAITEC International /5| 2 A& s5HE*

2.2 GTAWZRE K 3R AR

AEEFAlloy 52§ - DLE BT IETT RAR ISR EE ISR (CTAW) E SR1ESUS 316L A SESEANT I - $74%
EEme Ry 120A - BRARERE1200mm/min - FEER128mmimin - fHE K SE R R DG [ 2£200°C LT FRESTHETT
T ERHIERE > FEsE A3

HARR AW 2R TH DAFEAR PUE BRI T2 P EE1% - DB BRI A T PRI BiE T - BiR T st () p650°C Bl
750°C FRESEAY o MR B RS R AR 2T O o ZIRR (B A R I B CrysCatfT H B HE 2 SR - DA
BEARL R B FE T M PR L SRFEIAT AT S ST HEAH 2 B - R A R A T BE E - Frf24/NEF &
LAz 2 0240 -



2.3 ERFRERE(LST)HE

F BT T R HH (Laser surface Treatment, LST)#UF2 (A S AR /A E 2 YLW-200B Nd : YAGE 5% » &
RINZFR6KW - Hk{E 5 A& £50.1ms-20ms » ST F5200W o FEECE R MU IR RS - & SR E S S H0F
FEBEAINEE Ry EALL.0mm > Ak{E & (Power duration)HI/4.8ms » 5 HH RIS E IR IR R RS - RIMESE
NEREERVERFEE - sEEZE L Table 3FR -

B 2 EE A2 A SR FE AR SRELAT (N TP B2 B2 1% (E N Y AGEE B i &2 LU RE 2% S Bl =t B % T8 i fE
B FREEHE » R HER S et e B AE S T R ahtEse AE Y T I (EE S L » DL T B SR EG Y
*Alloy 521 EEIAER -

Table 3 ~ laser surface treatment parameters

Power duration : 4.8ms  Spot Size : y1.0mm

Peak Power Power density
KEERWE 1kw 6.11/mm2
SRR EE 4kw 24.44)/mm2
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Fig. 2 ~ observation cladding
(a)Macroscopic (b)Equixed Zone (¢) Columnar Zone

El AN Series unn. C norm. C Atom. C

[wt.%] [wt.%] [at.%]
C 6 K-series 30.53 38.09 71.02
Ti 22 K-series 34.29 42.78 20.01

Ni 28 L-series 8.43 10.52 4.01
Al 13 K-series 2.51 3:313 2.60
Cr 24 K-series 4.40 5.49 2.36

Total: 80.17 100.00 100.00
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Fig. 3 ~ interdendritic microstructure observation and composition analysis
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El AN Series unn. C norm. C Atom. C

[wt.%] [wt.%] [at.%]
C 6 K-series 10.85 10.97 36.37
Ni 28 K-series 44.56 45.03 30.55
Cr 24 K-series 31.87 32.21 24.67
Fe 26 K-series 11.67 11.79 8.41
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Fig. 5 ~ precipitates of grain boundary component analysis at 650 ‘C heat treatment
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Fig.6 ~ the metallographic at 750°C heat treatment



El AN Series unn. C norm. C Atom. C

[wt.%] [wt.%] [at.%]
N 7 K-series 18.01 17.95 45.33
Ti 22 K-series 25.30 25.22 18.63
Ni 28 R-series 25.09 29.00 17.48
Cr 24 K-series 20.03 19.97 13.59
Fe 26 K-series 7.87 7.85 4.97
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Fig. 7 ~ quadrangle precipitates component analysis

33 ENREREPHERRE

HIARE T - SRR EREENREEEE R AERRNIRIAZEE - 41 Fig. 8 Frn - IEMENERE
WG HEENZER » AMIERZEE R A RIS 7771 - (REEE RV E N R A ESEAREARL K 200pm
M AE B & SR BIA L ELY By 250um - F5 5T R H EISEAVAA RIS BAHAL > 1] DU B IS A 3= B2 4H b B A 24
BRI 1% 7 s R R B IR S EEE - NS ST R AR BV A AN AR R - IRISSRE B S R - (NILERY
GIR {HECK » #8215/ » RIFLAHER &SI 2 R & - BEAEA—EIVAERL -

LA(Fig. 8)SEM fn R ST R M EMAEIZ S - vl EAEAVEUR N B N R MBS & R e 7 SHA R - THEFE
A B A S R ST A R, S R B — ZBF RSy TICITING DU AE S 58 EAR R = SR L gt » 6 PR s
S AAERR - RIS BB Rt R Z ST HHINT Y © M HBRBRZ EREREEENE  fJEHAEHRS
/N R o HERI R 1 B R B R S mh & A HH Y TIC/TIN S5 - HR SRS A B B AR » 78 1~2pum R
JNEARTY 100nm YA/ o S HEF AR AR A

AL

T e BN T
Fig.8 ~ laser surface treatment metallographic

(2)650°C -6.11J/mm? (b)650°C -24.44J/mm? (c)750°C -6.113/mm? (d)750°C -24.443/mm?

T 5 2% T B B B - (BSENTEAN R 2 A - HIBCR R FIR(C YR ERRE -
PRI - BEEE S HR RSB EAVBRAEY) - B AERSEITEA pg > 40 Fig. 9 -

RIE AT

Fig. 9 ~ observe laser surface remelting heat zone
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Table 4 ~ the value of the residual stress in the specimen

omax(MPa) omin(MPa)

AW 210.80 130.37

650°C /24hr 168.68 154.68
750°C /24hr 204.15 181.34
650 C-RAEEHE 180.09 140.58
750°C KA B 212.36 156.62
650C-SHRERHE 239.11 193.52
750 C-=REEHE 238.79 149.02
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Fig. 10 ~ AW specien orphology after corrosion

- A

Fig. 11 - 650°Chr spee orphlg after corrosion
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Fig. 13 -~ laser surface remelting zone internal corrosion morphology

Fig. 14 -~ laser surface remelting of heat affected zone corrosion morphology?
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Table 5 ~ each specimen of la, ~ Ir and DOS values

la(A) Ir(A) DOS(%)
AW 5.83x10° 3.16x10° 0.54
650°C /24hr 5.32x10° 9.31x107 1.75
f:ﬁ S 9.55x10 1.17x10° 0.12
{KEEEERE
650°C

2.38x107 1.42x10°° 0.06

SRR EE
750°C /24hr 5.85x10 5.53x10° 0.95
750°C
EEEBZE
750°C

=1 At Elpr
SRR EE

5.63x107 1.20x10°® 0.21

4.74x107° 5.74x10° 0.12




Fig. 15 ~ AW specimen surface microstructure after the DL-EPR
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Fig. 17 ~ 750°C /24hr specimen surface microstructure after the DL-EPR
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Fig. 18 ~ low energy density specimen surac microstructure after the DL-EPR
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Fig. 19 ~ high energy density specimen surface microstructure after the DL-EPR
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