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Recently, the application of bending products has been increased since the industries such as automobile,
aerospace, ships, and plants greatly need the usage of pipes. For facility fabrication, bending process is
one of key technologies for pipings. Induction heat bending process is composed of bending deformation
by repeated local heat and cooling. Because of local heating and compressive strain, detrimental phases
may be precipitated and microstructural change can be induced. This work focused on the effect of induction
heat bending process on the properties of ASME SA312 TP316 stainless steel. Evaluation was done on
the base metal and the bended areas before and after heat treatment. Microstructure analysis, intergranular
corrosion test including Huey test, double loop electropotentiokinetic reactivation test, oxalic acid etch test,
and anodic polarization test were performed. On the base of microstructural analysis, grain boundaries in
bended extrados area were zagged by bending process, but there were no precipitates in grain and grain
boundary and the intergranular corrosion rate was similar to that of base metal. However, pitting potentials
of bended area were lower than that of the base metal and zagged boundaries was one of the pitting initiation
sites. By re-annealing treatment, grain boundary was recovered and pitting potential was similar to that

of the base metal.
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Table 1. Chemical composition of ASME SA312 TP316 stainless steel (wt%)

UNS No. C Mn P S Si Cr Ni Mo Fe Remarks
S31600 0.02 1.27 0.012 0.001 0.33 16.1 11.1 2.05 bal. austenitic
Table 2. Identification symbols for test areas of ASME SA312 TP316 stainless steel bended pipe
Areas Transition (start) Bend Bend Transition (End) Remarks
Intrados I1 12 13 14
Extrados El E2 E3 E4 » B(Base metal)
Crown Up CU1 cu2 CuU3 Cu4
Crown Down CDl1 CD2 CD3 CDh4
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Fig. 1. Schematic diagram of ASME SA312 TP316 stainless
steel bended pipe and identification symbols.
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Fig. 2. Optical microstructures on base metal and bended areas of ASME SA312 TP316 stainless steel (Magnification : x200)
; (a) 11, (b) CUI, (c) El, (d) I3, (e) CU3, (f) E3, (g) 14, (h) CU4, (i) E4, (j) Base metal.
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Fig. 3. SEM images on extrados areas of bended pipe of ASME SA312 TP316 stainless steel (Magnification

El, (b) E3, (c) E4.

()
1 x2000) ; (a)

(d)

(h)

(@)

@

Fig. 4. Optical micrographs on the surface after ASTM A262 Practice A test of SA312 TP316 stainless steel (Magnification
1 x200) ; (a) II, (b) CUL, (c) El, (d) I3, (e) CU3, (f) E3, (g) 14, (h) CU4, (i) E4, (j) Base metal.
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Fig. 5. Double loop EPR test result on base metal and bended areas
of SA312 TP316 stainless steel(30°C, 0.5M H,SO, + 0.0IM KSCN).
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Fig. 6. Intergranular corrosion rates with each test periods by
ASTM A262 Practice C test of SA312 TP316 stainless steel.

800

BageMetal

BaseMetal

400

E, mV(SCE)

-10 -8 -6 -4 2
: 2
Log i, A/cm

Fig. 7. Anodic polarization curves of base metal and extrados areas
of SA312 TP316 stainless steel in deaerated 30°C 1% NaCl solution
(scan rate : 0.33 mV/s).
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(d)

Fig. 8. Optical micrographs on the surface after potentiostatic test (Eypp, = +250mV(SCE)) of SA312 TP316 stainless steel in deaerated
30°C 1% NaCl solution (Magnification : x200) ; (a) E3 Areal, (b) E3 Area2, (c) E4 Areal, (d) E4 Area2.

(b)’

Fig. 9. Optical microstructures on extrados areas of ASME SA312 TP316 stainless steel (Magnification : x200) ; (a) before annealing
- E3, (a)' after annealing - E3, (b) before annealing - E4, (b)' after annealing — E4.
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Fig. 10. Effect of re-annealing on the anodic polarization curves

of E3 and E4 areas of SA312 TP316 stainless steel in deaerated

30°C 1% NaCl solution (scan rate : 0.33 mV/s).
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Fig. 11. Effect of re-annealing on the pitting potential of base
metal and extrados areas of SA312 TP316 stainless steel in dea-
erated 30°C 1% NaCl solution (scan rate : 0.33 mV/s).
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