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Fig. 1 Schematic drawing for two-layer clad pipe extrusion
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Table 1 Nominal sizes and extrusion ratios

1.D. O.D. Inner Outer
i i
(mm)  (mm) (mm) R (mm) R
9.6 14 1.2 8.68 1.0 8.65

1.D., O.D.: nominal inner and outer diameters
t : nominal wall thickness, R: extrusion ratio
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Fig. 2 Extrusion load vs. stroke curves for extruding single-
layer pipes.
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Fig. 3 Extrusion pressure as a function of volume fraction of
binder for extruding single-layer pipes.
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Fig. 4 Appearances of sound single-layer pipes formed by multi-
billet extrusion method. (a) SUS-48%B and (b) Fe(A)-54%B.
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Fig. 5 Extrusion load vs. stroke curves for extruding stainless
steel/low carbon steel two-layer pipes. Inner: SUS-48%B in all
cases; outer: (a) Fe(A)-54%B, (b) Fe(B)-54%B, (c) Fe(A)-
50%B, and (d) Fe(B)-50%B.
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Fig. 6 Appearances of extruded stainless steel/low carbon
steel two-layer pipes. Binder content: SUS inner: 48% in all
cases; Fe(B) outer: (a) 62%, (b) 58%, (c) 54%, and (d) 50%.
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Fig. 7 Examples of typical flaws in sintered two-layer pipes.
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Fig. 8 Linear shrinkage of single-layer pipes as a function of
volume fraction of binder.
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Fig. 9 Cross-sectional views of two-layer pipes sintered at
1350°C for 2h. Binder content: SUS inner: 48% in both cases;
Fe(B) outer: (a) 54% and (b) 56%.
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Fig. 10 SEM image and EPMA results around the interface between inner and outer layers.
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Fig. 11 Distribution of Vickers hardness around the interface
between stainless steel and low carbon steel layers.
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