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Corrosion of stainless steel by hot caustic 

Research using solutions of 

chemically pure caustic (sodium 
hydroxide [NaOH]) led to the 

development of a diagram that 

attempts to delineate the param- 

eters of concentration and tem- 

perature governing stress 
corrosion cracking (SCC) of type 
300 series austenitic stainless steels 

(SS), such as types 304 (UNS 

S30400), 316 (S31600), and their 
low-carbon forms, types 304L 

(S30403) and 316L (S31603). This 
diagram (Figure 1) is analogous to 

a similar diagram for caustic 

embrittlement of carbon steel un- 

der stress from welding or cold- 
forming. The term caustic 

embrittlement is a misnomer be- 

cause the phenomenon is simply 
SCC of steel in the alkaline 

solution. 

The 1 mpy (0.0254 mm/y) 
isocorrosion line in Figure 1 is 

nearly constant at 100°C (212°F) 
from -20% to 50% caustic. The 

dashed line delineating SCC (la- 

beled Apparent SCC boundary) is 
U-shaped, with the minimum at 

-40% caustic and -240°F (115’C). 
In actuality, there is a real 

possibility that type 300 series SS 

may lose passivity and undergo 

rapid general corrosion in hot 
40% to 50% caustic. Probable safe 

limits are well below those indi- 

cated by the diagram, perhaps 
70°C (158°F) for 50% caustic and 
80°C (177°F) for 40% solution. 

However, oxidizing contami- 
nants can maintain passivity. 

Extra-low interstitial ferritic SS 

grades, such as alloy 26-l 

(S44627), have been used instead 
of Ni (UNS N02200) in caustic 
evaporators provided the chlor- 

ate content is sufficiently high. 
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FIGURE 1 
lsocorroslon diagram for type 300 series austenitlc SS in NaOH (caustic).’ 

Above 300°C (570”F), the dan- 
ger of caustic SCC is very great. 

Bellows-type piping expansion 
joints made of type 321 (S32100, Fe- 

18% Cr-10% Ni-Ti stabilized) in 

300-lb to 400-lb steam (-215’C to 
230°C [QO”F to 445”F]) are prone to 

rapid SCC if there is entrainment of 
caustic from boiler treatment. When 
high-temperature caustic SCC of SS 

is encountered, there is a charac- 

teristic gunmetal blueing of the 

surface. 
The role of chlorides in caustic 

cracking is often misunderstood. 

Chlorides, if present, are not a 
factor. There have been failures of 

alloys 800 (NOSSOO, Fe-30% Ni-20% 
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Phorgotten Phenomena 
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Cr) and 825 (N08825, Fe-40% 
Ni-2096 Cr-3% MO-~% Cu), high- 

Ni alloys that are very resistant to 

chloride SCC, used as replace- 

ments for type 300 series SS. Rus- 
Sian investigators reported that 

chlorides, a common contaminant 

in concentrated caustic, do not 
aggravate SCC and may even play 

an inhibitive role. 

Alloy 600 (N06600, Ni-15% 

Cr-8% Fe ) is satisfactory in hot 

caustic service. For bellows, alloy 
625 (N06625, Ni-20% Cr-8% Mo-Cb 

stabilized) is currently used almost 

exclusively. 
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WANT CERTIFICATION? 
Consider taking a course. 

Corrosion Technician and Corrosion 
Technologist Certifications 
at-e now on a parallel path 

through education! 

By taking specified courses and successfully passing 
the course exams, you can apply for certification 
without further testing. (Application and additional 
documentation required.) 

For more details, call Sonia Bell in the NACE 
certification department at phone: 281/228-6214. 
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NACE REPORT 

“Impressed Current 
Anodes for Underground 

Cathodic Protection 
Systems” is now 

available. 

This new consensus-approved 
technical committee report pro- 
vides an overview of impressed 
current anode materials for those 
new to the cathodic protection field 
and serves as a reference for more 
experienced personnel. 

Addresses six commonly used 
anode materials: 

+ graphite 

+ high-silicon chromium cast 
iron 

+ mixed-metal oxide 

+ platinum-coated niobium, 
titanium, and tantalum 

+ polymeric materials 

+ scrap steel 

To order, contact NACE Membership Services 

Phone: 281/228-6223 

Fox: 281/228-6329 

Emoil: msd@mail.noce.org 

$14 List, $10 NACE Member item R4190 
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