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Table 1 Chemical composition of the 27Cr44NiSW3AI+-MA alloy (wt%)

C Si Mn P S Cr Ni \\% Nb Al Ti Zr
0.35 0.20 0.10 0.024 0.0052 26.72 4422 5.19 0.07 3.36 0.053 0.029
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Fig.1 XRD pattern of as-cast 27Cr44Ni5SW3AI+MA furnace tube
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Fig.2 OM image (a) and SEM image (b) of as-cast 27Cr44NiSW3AI+MA furnace tube; EDS spectra (c—f) of point 1-4 in Fig.2b: (c) y phase,
(d) M,,C,, (e) ¥ phase, and (f) M,C,
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Table 2 EDS results of the identified locations in Fig.2b

Element Point 1 Point 2 Point 3 Point 4
wt% at% wt% at% wt% at% wt% at%

C 9.22 32.28 9.64 34.92 16.24 48.63
Al 2.30 3.58 9.21 17.75 -

Cr 16.21 13.12 58.98 49.37 13.01 13.01 21.80 15.08
Fe 15.89 11.97 7.25 5.65 8.02 7.46 14.71 9.47
Ni 53.65 38.44 8.62 6.39 69.76 61.78 42.15 25.82
w 2.73 0.62 15.51 3.67 5.10 1.00
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K3 27Crd4NiSW3IAIFMA J & JR UG5 4 A 2L PR AL 1) () TEM 23 #t

Element wt% at% ¢
C 15.30 46.50
Cr 59.90 42.20
Fe 6.00 3.90
Ni 8.50 5.30
, W 10.30 2.10

Point 2

Fig.3 TEM analyses of carbides in the as-cast 27Cr44Ni5SW3AIl+MA furnace tube: (a) bright-field TEM image of y and M,,C,, (b—c) SAED
patterns along [101] and [112] directions at the circle area in Fig.3a, (d—e) EDS spectra of point 1-2 in Fig.3a, (f) HRTEM image of the

rectangular area in Fig.3a, and (g-h) IFFT images of y and M,,C, marked in Fig. 3f
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Fig.4 TEM analyses of the dispersive y' phase in the as-cast 27Cr44NiSW3AIl+MA furnace tube: (a) bright-field TEM image of y and y',
(b) magnified bright-field TEM image of region A in Fig.4a, and (c—d) SAED patterns along [101] and [112] directions of region B in

Fig.4b
c
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Fig.5 TEM analyses of the blocky y" phase in the as-cast 27Cr44Ni5SW3AIl+MA furnace tube: (a) bright-field TEM image, (b) SAED pattern along
[11T ]direction of the blocky y' phase, and (c) EDS spectrum of the blocky y’ phase
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K6 27CraaNisSW3AH+MA B A6 625 LR P AT i AH TEM 23
Fig.6 TEM analyses of the precipitations in the as-cast 27Cr44Ni5SW3Al+MA furnace tube: (a) bright-field TEM image, and (b—c) SAED patterns

along [101] and [112] directions of region A in Fig.6a
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Fig.7 Dislocations in the as-cast 27Crd44NiSW3AI+MA furnace tube: (a) sparse dislocation lines away from the A,,C, region; (b) edge

dislocation, (c) screw dislocation and (d) dislocation network near M,,C, region
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As-cast Microstructure of Centrifugal-Cast 27Cr44NiSW3Al+MA Ethylene Cracking
Furnace Tube

Wu Zhigang, Chen Tao, Liu Chunjiao
(National Engineering & Technical Research Center on Pressure Vessels and Piping Safety, Sinopec Inspection and Assessment Center on Furnace
Tube, Hefei General Machinery Research Institute Co. , Ltd, Hefei 230031, China)

Abstract: To investigate the original as-cast microstructure of 27Crd44NiSW3AI+MA ethylene cracking furnace tube manufactured by centrifugal
casting, the phase composition and microstructure of the as-cast furnace tube were analyzed using XRD, OM, SEM and TEM. The results show
that the original as-cast microstructure of the furnace tube is mainly composed of austenite matrix (y phase) and fishbone-like multi-phase carbides
at grain boundaries; the inside of the multi-phase carbides is lamellar M,C,, while the edge is blocky M,,C,. In addition, two shapes of Ni,Al ('
phase) are observed, namely the granular phase distributed near the junction between A,,C, and matrix, and the blocky phase adjacent to M,,C,.

Both of M,,C, and granular y’ have the cube-on-cube orientation relationship with the y matrix ( [101], / [101],, (., (T11), / (T11) Moo
(llT)}, //(llT)Mch [1T2]7, //[1T2]MDC6, (Tll)y //(TII)MMCH, (220), //(220)Mz,~,c; [101], //[101]},,, (Tll)w //(Tll);,,, (llT)W // (llT);,,;
[112 1, /1112 1 (11 1), /(11 1), (220), Va (220),). In addition, a large number of dislocations are observed in the as-cast microstructure,
with sparse distribution away from M,,C, and dense distribution near M,,C,. The precipitation mechanism of y and M,,C, during centrifugal
casting was also discussed. The W element reduces the lattice misfit between M,,C, and y phase, thereby promoting the precipitation of M,,C,. The

chemical composition of M,,C, and )’ phase exhibit complementarity, and the precipitation of M,,C, further facilitates the formation of y’ phase.

Key words: ethylene cracking furnace tube; 27Cr44NiSW3Al+MA; as-cast microstructure; carbide; precipitation mechanism
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