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Evaluation of Corrosion Characteristics of 316L Stainless Steel for Semiconductor
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This study investigated corrosion behavior of 316L stainless steel exposed to chlorine gas (Cl,gas) in dry
and wet environments at room temperature. Experiments were conducted over 14 days using both elec-
tropolished and non-electropolished specimens to evaluate effects of surface treatment and environmental condi-
tions on corrosion. The extent of corrosion was evaluated by measuring weight change and corrosion rate (mm/
year). Surface morphology, cross-section almorphology, and corrosion layer were analyzed using SEM/EDS map-
ping. The non-electropolished specimens formed a corrosion layer more than 7 um thick, composed of Fe, Cr, Cl,
and O. Electropolished specimens maintained a pristine surface with no formation of a corrosion layer. Weight
measurements indicated that non-electropolished specimens experienced a weight change of 5.44 mg/cm? in wet
conditions, which was over four times higher than that observed in dry conditions. In contrast, electropolished spec-
imens demonstrated exceptional corrosion resistance due to a stable Cr oxide layer, showing a minimal weight
change of less than 0.01 mg/cm” regardless of moisture presence.
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Table 1. Chemiacl composition of 316L stainless steel specimen (wt%)
Cr Ni Mo Mn Si Cu Co C P Fe
18.64 11.41 2.14 0.70 0.50 0.23 0.20 0.02 0.02 Bal.
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Fig. 1. XPS core level spectra of Cr and Fe of 316L STS surface, (a, b) non EP specimen, (c, d) EP specimen
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Fig. 2. Schematic diagram of Cl, gas corrosion equipment
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Table 3. Weight change and corrosion rate of 316L stainless steel corroded by Cl, gas under dry and wet Conditions

Weight change (g) w (mg/cm?) CR (mm/year)
316L STS 0.0082 1.32 0.0297
Dry condition
EP 316L STS 0.0004 0.06 0.0014
316L STS 0.0338 5.44 0.1226
Wet condition
EP 316L STS 0.0005 0.09 0.0018

Fig. 3. SEM/EDS mapping analysis results of the surface of non-electropolished 316L stainless steel specimens exposed to Cl,
gas in dry and wet environments, a) dry condition, b) wet condition
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Fig. 4. SEM/EDS mapping analysis results of the surface of electropolished 316L stainless steel specimens exposed to Cl, gas in
dry and wet environments, a) dry condition, b) wet condition

Fig. 5. SEM/EDS mapping analysis results of the cross-section of 316L stainless steel specimens exposed to Cl, gas in dry and
wet environments, a) dry condition-non E.P, b) wet condition-non E.P, c¢) dry condition-E.P, d) wet condition-E.P
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FeCly(s) + 6H,0 — FeCls - 6H,0 (6)
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