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Abstract: The effects of two different deformation processes (process 1 and process 2) on the micro-
structure and mechanical properties of reduced activation ferrite/martensite (RAFM) steel (Fe-0.21C-
11.76Cr-1.41W-0.20V-0.17Ta-0.63Si-0.51Mn-0.015N, mass fraction/ % ) tubes are studied. The results
show that when the rolling deformation of process 1 gradually increases from 44% to 66%, the tubes’
martensitic matrix transforms into fine ferritic matrix, the yield strength (o,) increases from 302 MPa to
407 MPa, the elongation (El) decreases from 28.6% to 25.8%, and the tensile strength (5,) remains
basically unchanged. The matrix microstructure of process 2 (deformation amount 53%-57%) tubes also
undergoes the transformation from martensite to ferrite, but due to the relatively small deformation
amount, complete recrystallization is delayed, and o, decreases from 487 MPa to 364 MPa, and El
increases from 23.9% to 36.3%. The tubes of two processes are subjected to the same forward and
tempering treatments after final rolling with 44% and 66 % deformation respectively. The microstructure of
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the finished tubes shows that carbide particles are evenly distributed on the matrix of lath martensite, and

their mechanical properties at room temperature are equivalent(6,—=590-597 MPa, 6,=—810-817 MPa, El=

20.7%-22.8% ). However, the high-temperature mechanical properties of the finished tubes of process 2
(6,357 MPa, 6,=380 MPa, E1=16.3%) are slightly lower than that of process 1 (5,=383 MPa, o,=

446 MPa,E1=21.6%).

Key words: reduced activation ferritic/martensite steel; extrusion-cold rolling-annealing ; deformation ; me-

chanical property ; strengthening mechanism
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Table 1 Process parameters of RAFM steel tubes

1st rolling 2nd rolling 3rd rolling 4th rolling Sth rolling
e % a % A 4% A S% A 4% A
Pl 44 800°C/1h 49 800°C/1h 64 760°C/1h 66 760°C/1h 44 1100 °*C/0.5h+760°C/1h
P2 53 800°C/1h 49 800°C/1h 52 800°C/1h 57 800°C/1h 66 1100 °C/0.5 h-+760 °C/1 h
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Fig.1 Thermodynamic equilibrium phase diagram of
medium Si RAFM steel
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Fig.2 Microstructures of tubes at different states under two processes
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Table 2 Microstructure data of tubes at different processes

Volume fraction of

Grain size/

Size of precipitated phase/nm

Volume fraction of precipitated phase/ %

Process Process state L Short rod- Spherical Short rod-shaped . .
recrystallization/ % ~ pm ) ) ) Spherical carbide
shaped carbide  carbide carbide
P1 Extrusion 26 7.843.7 166+88 94438 6.5+0.2 0.440.1
1st rolling 11 58+1.8 155+74 100+38 6.1+0.7 0.24+0.1
2nd rolling 73 8.446.6 183+£83 11347 4.84+0.2 0.440.2
3rd rolling 90 9.948.5 179+71 10636 5.8+0.3 0.2+0.1
4th rolling 95 11.9£0.5 180467 9732 5.6%0.3 0.3%0.1
P2 Extrusion 15 9.1+1.9 20665 114447 7.8+1.0 1.140.2
1st rolling 34 4.74+2.5 234458 122+38 6.6+0.4 1.0+0.6
2nd rolling 72 12.94+4.3 238459 15257 7.5+1.1 1.2+£0.5
3rd rolling 73 16.3+7.9 215459 140+£53 8.94+2.0 1.5+0.7
4th rolling 92 19.1£6.9 22966 1544-44 8.61.8 1.340.3
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Fig.4 Mechanical properties of tubes at different states under two processes

(a)stress-strain curves; (h)comparison of mechanical property
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Table 3 Yield strength, tensile strength, and elongation of tubes at different states under two processes

Process 1 Process 2
Process state

o,/MPa oy/MPa El/% o,/MPa oy/MPa El/%
Extrusion 437+21 688+8 27.1+£79 534+41 727+74 20.4+0.6
1st rolling 302422 588417 28.648.1 487438 72141 23.9+1.2
2nd rolling 341+9 600+8 31.5+1.1 372421 63919 25.1£2.0
3rd rolling 407£8 587+6 25.8£5.3 3677 60111 28.3+1.1
4th rolling 379+5 611+1 28.31£8.2 364+6 59444 36.3+£1.5
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(FCC ) 4544 Bl S bR M Cs BUBR AL 4 A1 , 75 B 5% 9 356
Brif T RFEEA FCC 4544 ik MC B L, iX 5
B 1 T 2 P i A B T R — 3, o MGy
TIRRAL ) J & 4E Cr W HTC Y (Cr, W),.Cs, MC BB AL,
Yol w4 Ta . CHY TaCo G50, WP T2 i £ Bk
i R B G AR R 2% 5 BE 433014 (410+145) nm (P1) Al
(3364113) nm (P2), &R CroCo b R 43 51 R
(168+56) nm (P1) fi1(228+43) nm (P2) , ¥k TaC
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Fig.5 Microstructure characterization of finished product tubes under two processes
(a)SEM images; (b)EBSD maps; (¢) TEM images
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