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Abstract: The mechanical properties of original and hanging over hydrogenation reactor 2. 25Cr1Mo
steel were investigated in order to analyze the material degradation. The microstructure and fracture
morphology of original and in-service alloy were observed by metallographic microscope and scanning
electron microscope. The results show that the 120000h hanging time leads to obvious performance
degradation. The ductile to brittle transition temperature of 2. 25Cr1 Mo steel increases. A number of
cracks appear at the grain boundary and carbides. Carbides tend to chain distribution and coarsening

which results in grain boundary weakness. The decrease of matrix alloying elements content causes

grain boundary segregation of phosphorus and lower tempering resistance.
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Table 1 Chemical composition of in-service base metal (mass fraction/ %)
C Si Mn P Cr Mo As Sn Sb Cu Ni S Fe
0.15 0. 056 0. 54 0.0072 2.42 1. 04 0.0042 0. 006 0.002 0.038 0.051 0.0012 Bal
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Table 2 Base metal tensile test results

Specimen Temperature/°C Yield strength/MPa  Tensile strength/MPa Elongation/ % Reduction of area/ %
Original 20 427.3 558.3 20.5 81.5
In-service 20 448. 2 597.4 18.3 80. 4
Original 427 353.2 442.7 21.1 82.0
In-service 427 367.8 462.0 18.8 80. 2
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Table 3 Weld metal tensile test results
Specimen Temperature/C Yield strength/MPa  Tensile strength/MPa Elongation/ % Reduction of area/%
Original 20 488. 1 603. 3 17.4 78.6
In-service 20 506. 9 610.0 14.2 74.0
Original 427 423.9 493. 6 17.8 79.0
In-service 427 434. 8 497. 2 14. 4 73.4
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Fig. 1 Ductile-brittle transition curves of the metal before and after service (a)base metal; (b)weld metal
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Table 4 Degradation parameters of base metal and weld metal

Material status VTr54/C T,/C The energy of up-platform /J Embrittlement AVTr»54 /°C Embrittlement AT,/ C
Original base metal —97 —85 250
In-service base metal —70 —56 230 27 29
Original weld metal —65 —52 188
In-service weld metal —20 —10 172 45 42
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Fig. 2 Fracture morphology of base metal impact samples tested at —80°C

(a)macroscopic morphology of original metal; (b) macroscopic morphology of in-service metal;

(c)microscopic morphology of original metal; (d) microscopic morphology of in-service metal



Bast B

TN i R IRAE B9 2. 25Cr1 Mo B BEIR AL WF 5T 85

B3 Jftag— 40T i MBS () URARAE R WL $i 5
(b)) A% it 4 75 TR 358 5 (o) JRUUG 4% OV 35 5 (D MR BEA S DM T 35

Fig. 3 Fracture morphology of weld metal impact samples tested at —40°C

(a)macroscopic morphology of original metal; (b) macroscopic morphology of in-service metal;

(c)microscopic morphology of original metal; (d) microscopic morphology of in-service metal
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Fig. 4 SEM micrographs of microstructure

(a)original base metal; (b)in-service base metal;

(c)original weld metal; (d)in-service weld metal
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Fig.5 SEM micrographs of carbides in base metal
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Fig. 6 Quantitative analysis of carbides in base metal
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Fig. 7 Energy spectra analysis of in-service base metal
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