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High Temperature Corrosion of Mild Steel, 16%Cr Steel, Nickel and
Ni-20%Cr Alloy in the Presence of Calcium Sulfate and Carbon

Synopsis :

Kazufumi MORIMOTO and Mikio OBAYASHI

Ash deposits, especially alkali and alkaline earth sulfates, have been said to be an important source of
the hot corrosion of valves and pre-combustion chambers in automobile diesel engines.

In the present work, to clarify the corrosion behavior, crusible-type corrosion tests by CaSO~C mix-
tures have been carried out on pure nickel, iron and their Cr-containing alloys in the temperature

range from 650° to 1100°C for 4h in air.

The results obtained from gravimetric measurements and metallographic examination are summarized

as follows :

1) The CaSO, alone is not corrosive for above metals and alloys, however the addition of C causes

very severe attack, especially on Ni-20% Cr alloy.

2) On Ni and Ni-202 Cr alloy the temperature dependence of the corrosion caused by CaSO-20%
C mixture is different from that of well-known SO, gas corrosion; nickel shows a monotonic increase
in weight loss with temperature and Ni-20% Cr alloy shows a maximum at about 875°C.

3) In the corrosion scale, the sulfides and the oxides of each element in alloys are recognized; this
scale morphology is characteristic of the sulfidation-accelerated oxidation.
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(a) Optical microstrure, (b) Secondary electron image, and X-
ray images for (c) Fe, (d) Ni, (¢) Mn, (f) Cr, (g) S, and (h)
O.

Photo. 1. Cross-sectional view of a scale formed
on the pre-combustion chamber jet made of heat-
. resistance casting steel (JIS SCH 21) after long
time bench test of automobile diesel engine.
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Fig. 1. Concentration profiles through the scale
shown in Photo. 1 by EPMA.
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Fig. 2. Weight loss (mg/cm?) of Ni corroded by
CaS0,-BaS0O,~-Na,SO, ash mixtures at 900°C for
4h in air.
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Fig. 3. Weight loss (mg/cm?) of Ni-20%, Cr alloy
corroded by CaSO,~-BaSO,-Na,SO, ash mixtures
at 900°C for 4h in air.
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Fig. 4. Weight loss (mg/cm?) of mild steel (SS41)
corroded by CaSO,-BaSO,-Na,SO, ash mixtures
at 900°C for 4h in air.
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Fig. 5. Weight loss (mg/cm?) of Fe-169, Cr
steel (SUS 430) corroded by CaSO,-BaSO,~Na,SO,
ash mixtures at 900°C for 4h in air.
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Fig. 6. Effect of C content on the weight loss of
Ni-209, Cr alloy corrded by CaSO,-C mixtures
at 900°C for 4h in air.
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Fig. 7. Effect of C content on the weight loss of
mild steel (SS 41) and Fe-16% Cir steel (SUS 430)
corroded by CaSO,-C mixtures at 900°C for 4 h
in air.
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Fig. 8. Effect of temperature on the weight loss
of Ni exposed to air and corroded by CaSO,-C
mixtures for 4h in air.
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Fig. 9. Effect of temperature on the weight loss
of Ni-20% Cr alloy corroded by CaSO,-C mix-
tures for 4h in air.
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Fig. 10. Effect of temperature on the weight loss
of mild steel (SS 41) and Fe-16% Cir steel (SUS
430) exposed to air and corroded by CaSO,-C
mixtures for 4h in air.
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(a) Optical microstructure, (b) Secondary electron image, and
X-ray images for (c¢) Ni, (d) S, (e) O, and (f) Ca.

Photo. 2. Cross-sectional view of a scale formed
on Ni corroded by CaSO,-59,C at 900°C for 4h
in air,

(1) Outer part of corroded layer.
(2) Intermediate part of corroded layer.
(3) Inner part of corroded layer.

Photo. 3. Cross-sectional view of a scale formed

on Ni-209, Cr alloy corroded by CaSO,-209,C
at 875°C for 2h in air.
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(3)

(1) Outer part of corroded layer.

(2) Intermediate part of corroded layer.

(3) Inner part of corroded layer.

(a) Optical microstructure, (b) Secondary electron image,

and X-ray images for (c) Ni, (d) Cr, (e) S, and (f) O.
Photo. 4. Cross-sectional view of a scale formed

on Ni-209% Cr alloy corroded by CaSO,-20% C
at 875°C for 2h in air.

U K ot

Photo. 5. Cross-sectional view of a scale formed on mild steel (SS 41) corroded by CaSO,
at 900°C for 4h in air.
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Photo. 6. Cross-sectional view of a scale formed

g

on Fe-169; Cr steel (SUS 430) corroded by CaSO,4-
59, C at 1050°C for 4h in air.

Fig. 11.
shown in Photo. 6 by EPMA.
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