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Abstract: Aiming at the requirements for specifications and performance of GH3625 alloy seamless tubes
used in novel renewable solar tower-type molten salt photothermal power generation absorbers, and
addressing the shortcomings of the traditional hot extrusion technology—such as long production cycles,
high energy consumption, and difficulties in producing billets with large length-to-diameter ratios—this
study adopts the deep drilling method to replace traditional hot extrusion for preparing GH3625 alloy billets.
Subsequently, ®46 mm X4 mm>X3000 mm and ®44.45 mmX1.32 mm>xX9000 mm GH3625 alloy
seamless tubes are manufactured through multi-pass cold rolling and intermediate annealing. EBSD analysis
reveals that the grain size of the finished GH3625 alloy seamless tubes prepared by the deep drilling method
is comparable to that of tubes produced by traditional hot extrusion technology. Moreover, the alloy
microstructure contains a large number of annealing twin boundaries, which refine the grains. In addition,
mechanical property test results indicate that the room-temperature and high-temperature properties of the
finished GH3625 alloy tubes prepared by the deep drilling method are equivalent to those of tubes made by
traditional hot extrusion technology. The room-temperature mechanical properties of both specifications
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meet the requirements of the ASME SB-444-2021 standard : tensile strength==690 MPa, yield strength=

276 MPa, and elongation after fracture==30%.
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Table 1 Chemical compositions of GH3625 alloy tube billet(mass fraction/ % )

C Cr Ni Co Mo Al Ti Fe Nb Si Mn P S
0.044 21.66 Bal. 0.29 8.58 0.10 0.16 4.19 3.31 0.32 0.14 0.0033 0.0004
R2 GH3625 G & B IIFIERE
Table 2 Mechanical properties of GH3625 alloy forged bar
. Room temperature mechanical property High temperature durability
eat

Tensile Yield Elongation/  Section i Stress/ Time/ Elongation/
treatment i Temperature/°C

strength/MPa  strength/MPa % shrinkage/ % MPa h %

980°C/1h/AC 942 625 44.5 60 815 114 24
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Fig.1 Flow chart of preparing GH3625 alloy seamless tubes by traditional hot extrusion process
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Table 3 Cold rolling passes and deformation amount of GH3625 alloy tubes prepared by traditional hot extrusion process

®46 mm X4 mm X 3000 mm ®44.45 mm X 1.32 mm X 9000 mm

Pass o Actual outer Actual wall Deformation o Actual outer Actual wall Deformation
Specification/mm diameter/mm  thickness/mm  amount/ % Specification/mm diameter/mm  thickness/mm  amount/ %

0 ®131X15.5 131 15.5 ®131X15.5 131 15.5

1 D114 X 11 114.1 11.5 34 D114X11 114.1 11.5 34

2 D8I X 7.5 88.82 7.23 50 DI X7 88.82 7.23 50

3 D63 X6 62.9 5.4 47 D63 X4 62.9 4.7 54

4 P48 X5 48 4.6 36 D48 K2 48 2.3 62

5 D46 X4 45.98 4.02 16 D44.45X1.32 44.48 1.32 46
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Fig.2 Flow chart of preparing GH3625 alloy seamless tubes by deep drilling process
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Table 4 Cold rolling passes and deformation amount of GH3625 alloy tubes prepared by deep drilling process

®46 mm X4 mm X 3000 mm

®44.45 mm X 1.32 mm X 9000 mm

Pass

. Actual wall
Specification/mm

Actual outer

Deformation

Actual outer Actual wall Deformation

Specification/mm

diameter/mm  thickness/mm  amount/ % diameter/mm  thickness/mm  amount/ %
0 D87.5X9.25 87.5 9.25 D87.5X9.25 87.5 9.25
1 D63 X6 63.05 6.01 53 P63X4.5 63.1 4.65 62
2 P48 X 4.8 48.7 4.67 40 P48 X 2 48.4 2.29 61
3 D46 X4 45.98 4.02 18 D44.45X1.32 44.48 1.32 46
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Fig.5 Misorientation angle distribution of GH3625 alloy tubes with two specifications prepared by different processes

TR A HC 1) 22 3 A 37 B WU 73 A, — N7 2.0° KT
AT, PR X 7 A R A B B L AT A A

P4 AR T 2 & i s L% GH3625 4

Z

4% EBSD &l

(a)D-01.32; (b)D-04; (¢)R-01.32; (d)R-04
Fig.4 EBSD images of GH3625 alloy tubes with two specifications prepared by different processes
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Fig.7 Recrystallization distribution of GH3625 alloy tubes with two specifications prepared by different processes
(2)D-61.32; (b)D-04; (¢)R-61.32; (d)R-04
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Table 5 Contribution of different strengthening mechanisms
to yield strength in GH3625 alloy tubes prepared by

different processes

Yield strength/MPa

Strengthening mechanism

D-01.32 D-64 R-01.32 R-04
Solution strengthening"?!) 105 105 105 105
Grain boundary strengthening'®’ 127 141 129 130
Twin strengthening!®! 75 125 90 94
Dislocation strengthening"?*! 84 83 76 88
Total strengthening 391 454 400 417
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