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Austenitic stainless steels have been widely used in many engineering fields because of their high corrosion
resistance and good mechanical properties. However, welding or aging treatment may induce intergranular
corrosion, stress corrosion cracking, pitting, etc. Since these types of corrosion are closely related to the
formation of chromium carbide in grain boundaries, the alloys are controlled using methods such as lowering
the carbon content, solution heat treatment, alloying of stabilization elements, and grain boundary engineering.
This work focused on the effects of aging and UNSM (Ultrasonic Nano-crystal Surface Modification) on
the intergranular corrosion of commercial 316L stainless steel and the results are discussed on the basis
of the sensitization by chromium carbide formation and carbon segregation, residual stress, grain refinement,

and grain boundary engineering.

Keywords : 316L stainless steel, UNSM, Intergranular corrosion, Sensitization, Carbide formation, Carbon
segregation, Residual stress, Grain refinement, Grain boundary engineering
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Table 1. Chemical composition of commercial 316L stainless steel
(Wt%)

Cr | Mo | Ni C | Mn | Si P S Fe

316L[16.69| 1.99 [10.19] 0.01 | 1.19 | 0.59 | 0.04 | 0.01 | Bal

Table 2. Condition of UNSM treatment on 316L stainless steel

Alloys 316L stainless steel
Amplitude 30 um
Static load 10N

Pitch 0.07mm

Speed 1000mm/min
Tip diameter 2.38mm(WC)
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Fig. 1. Phase diagram of commercial 316L stainless steel plotted
by using ThermoCalc program.
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Fig. 2. Schematic diagram of UNSM treatment'?.
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Fig. 3. Effect of aging time on intergranular corrosion rate by ASTM A262 Pr. C; (a) Corrosion rate, (b) 316LM(144hrs immersion
test), (c) 316LT(144hrs immersion test), (d) 316LS(48hrs immersion test).
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Fig. 4. Degree of sensitization determined by ASTM A262 Practice
A; (a) 316LM, (b) 316LT, (c) 316LS.
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Fig. 5. Degree of sensitization determined by double-loop EPR
test.
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Fig. 6. Grain boundary segregation of 48-h sensitized 316LS analyzed by EPMA; (a) SEM image, (b) Fe, (c) Cr, (d) C.
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Fig. 7. Grain boundary segregation of 1-h sensitized 316LT analyzed by EPMA; (a) SEM image, (b) Fe, (c) Cr, (d) C.
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Fig. 8. Effect of aging on the relationship between the intergranular
corrosion rate and the residual stress of the surface.
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(b)
Fig. 9. Inverse pole figure (left) and orientation relationship boun-
daries (right) of the cross-section by EBSD; (a) as-received 316LM
(b) 48hr-sensitized 316LS.
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Fig. 10. Effect of UNSM treatment on the intergranular corrosion
rate of (a) 316LM(48h-5 periods test), (b) 316LT (9h-6 periods
test), (c) 316LS(3h-6 periods test).
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