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To elucidate the effect of heat inputs on phase transformation and resistance to intergranular corrosion of F316
austenitic stainless steel (ASS), thermodynamic calculations of each phase and time-temperature-transformation
diagram were conducted using JMaPro simulation software, oxalic acid etch test, double-loop electrochemical
potentiokinetic reactivation test (DL-EPR), field emission scanning electron microscopy with energy dispersive
spectroscopy, and transmission electron microscopy analyses of Cr carbide (Cr;Cs), austenite phase and
ferrite phase. F316 ASS containing a relatively low C content of 0.043 wt% showed a slightly sensitized
microstructure (acceptably dual structure) due to a small amount of Cr carbide precipitated at heat affected
zone irrespective of heat inputs. Based on results of DL-EPR test, although heat input was increased, the
ratio of I, to I, was only increased very slightly due to a slight sensitization. Therefore, heat inputs have
little influences on resistance to intergranular corrosion of F316 austenitic stainless steel containing 0.043
wt% C.
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Table 1 Chemical composition of ASTM A182-F316 austenitic stainless steel-hot rolled bar (wt%)

C Si Mn P S Ni Cr Mo Cu N
Specification | < 0.08 | < 1.00 | < 2.00 | < 0.045| < 0.03 |10.0 ~ 14.0|/16.0 ~ 18.0| 2.0 ~ 3.0 - -
Analysis 0.043 0.35 1.50 0.0315 0.0095 10.197 16.489 2.036 0.330 0.0468
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Fig. 1 Thermodynamic calculation of the mole fraction vs.
temperature of each phase in F316 austenitic stainless steel using
a JMATPRO simulation software.
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Fig. 2 Extended view of Figure 1: thermodynamic calculation
of the mole fraction vs. temperature of the phases (MxGCs, My(C,
N), o-phase, X-phase) in F316 austenitic stainless steel using
the JMATPRO simulation software.

Table 2 Thermodynamic calculation of the mole fraction vs.
temperature of the phases (M3Cs, My(C, N), 0-phase, X-phase)
in F316 austenitic stainless steel using a JMATPRO simulation
software

Phase hf/iixﬁl:glpizzlgf?%r)e Content (wt%)
M;;Cs 940 0.02
My(C, N) 800 0.04
Sigma (0) 670 0.14
Chi (X) 840 0.16
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Fig. 3 Thermodynamic calculation of TTT diagram for M;Cy, Mu(C, N), 0-phase and X-phase of 0.1 and 0.5 wt% in F316 austenitic

stainless steel using the JMATPRO simulation software.

(a) 0.1 wt% precipitate

(b) 0.5 wt% precipitate

Precipitate Temperature (°C) Time (min(h)) Precipitate Temperature (°C) Time (min(h))
at TTT nose at TTT nose at TTT nose at TTT nose
M,3Cs 870 21.18 (0.35) M,3Cs 850 199.20 (3.32)
Chi (x) 790 118.87 (1.98) Chi (x) 790 423.60 (7.06)
Sigma (o) 750 499.69 (8.33) Sigma (o) 750 1,647 (27.45)
M,(C,N) 760 513.89 (8.56) M,(C,N) 730 5,158.8 (85.98)
(c) 0.1 and 0.5 wt% precipitate
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Fig. 4 Thermodynamic calculation of TTT noses for M;;Cys, My(C, N), 0-sigma and X-chi phases of 0.1 and 0.5 wt% in F316
austenitic stainless steel using the JMATPRO simulation software.
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Fig. 5 Effect of heat inputs on the optical microstructures of
F316 austenitic stainless steel welds etched with 10 wt% oxalic
acid according to ASTM A262-practice A.
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(b) FE SEM-EDS analysis at x 5,000 magnification

Fig. 6 FE SEM-EDS analysis of &-ferrite and y-austenite in the
wed metal of F316 austenitic stainless steel welds etched with
10 wt% oxalic acid according to ASTM A 262-practice A.
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Fig. 7 FE SEM microstructures of the base metal in F316 austenitic
stainless steel welds etched with 10 wt% oxalic acid according
to ASTM A262-practice A.
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Fig. 8 FE SEM microstructures of the heat affected zone of
F316 austenitic stainless steel welds etched with 10 wt% oxalic
acid according to ASTM A262-practice A.
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il L

6 8
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kev

Fig. 9 TEM-EDS analysis of (Cr, Fe, Mo, V) C carbide using
a replica technique at different locations in heat affected zone
of F316 stainless steel welded with the heat input of 70 kJinch:
(a) image of (x 1,100 magnification), (b) extended view (x 56,000
magnification) of (a), and (¢) EDS analysis of a carbide.
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Fig. 11 The DL-EPR behavior of the Base Metal and heat affected zone of F316 austenitic stainless steel in 0.5 mol/L H,SO,
+ 0.01 mol/L KSCN + 0.5 mol/LL NaCl at 30 °C.

Table 3 The ratio of Ir to Ia for base metal and heat affected zone in 0.5 mol/L H,SO,; + 0.01 mol/LL KSCN + 0.5 mol/L NaCl
at 30 °C measured from DL-EPR test

. Heat input " 2 0
Location (kJ/inch) Test No. Ia (vA/cr) Ir (vA/cnt) Ir/la (%)

No.1 17,350 66 0.38
No.2 21,500 93 0.43

BM -
No.3 21,400 118 0.55
Average 20,083 92 0.45
No.1 17,400 183 1.05
50 No.2 29,600 145 0.49
No.3 23,200 160 0.69
Average 23,400 163 0.70

HAZ

No.1 27,000 134 0.50
20 No.2 27,400 430 1.57
No.3 21,400 491 2.29
Average 25,270 352 1.45
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Fig. 12 The ratio of Ir to Ia for the base metal and heat affected
zone in 0.5 mol/L H,SO; + 0.01 mol/LL KSCN + 0.5 mol/L
NaCl at 30 °C obtained from DL-EPR test.
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Fig. 13 FE-SEM analysis on the intergranular corrosion behavior at the base metal and heat affected zone of 316F austenitic
stainless steel welds after the double loop electrochemical potentiokinetic reactivation test in 0.5 mol/L H,SO4 + 0.01 mol/LL KSCN

+ 0.5 mol/L NaCl at 30 °C.
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