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Material Problems in High Temperature Corrosive Environments and Their

Solution by Surface Technologies
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Table 1.

sion and related equipment.

Classification of high temperature corro-

Forms of corrosion

Environment

Related equipment

1)High temperature
Oxidation

Air, flue gas(Os)
Steam

Direct fired heater
Boiler

2)Sulfurization H.S, S Atomospheric/Vacuum
distillation
H2S/H, Hydrodesulfurization
Flue gas(S0;) Direct fired heater
3)Carburization Hydrocarbons Thermal cracking

and metal dusting

CO0/CO;, CO/H2

Steam reforming

4)Nitriding NH3 Ammonia synthesis,
Melamine synthesis
5)Carbonyl attack | CO Methanol synthesis
6)Hydrogen attack Hy Hydrodesulfurization,
Hydrocracking,
Catalytic reforming
7)Halogenation Cly, HCI CCR(Continuous Catalyst
attack Fq, HF Regeneration)
HBr Flon(fluorocarbon)
synthesis

Thermochemical process
for hydrogen production
using hydrogen bromide

cycle

8)Naphthenic acid

Naphthenic acid

Vacuum distillation

corrosion

9)Fuel ash corrosion | V305, NaSOy4 Boiler
Vanadium attack NaS04(+NaCl) Boiler, Gas turbine
Sulfidation LisCO3+ K,CO3 Fuel cell

Molten salt attack
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b i FhEAE LTHEICAETH S.
EROEBCIZREREI DL ZHAFEZ LT
H5ThAI b, {LFEBOBEF+F- HEIZRITL
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T
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H-C, Ni ZOflEE% IR L 72 SE £ BH L 7258
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Stack

Test tube

Combustion
— chamber

<

AN

B AN

“~}_Exhaust pipe
Burners

d LTRH;IL

Two tangential burners
Combustion chamber, diam. 1m
Test tube or exhaust pipe equipped with test pieces

Fig. 1. Test apparatus (Fuel oil firing furnace).
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Fuel : A, C fuel oil
Temperature : 1 090°C
Test material : HP

—

=
2
[

Metal loss (pm)
T

—
(=]
T

1102 10° 10*
Test duration (h)
1:C fuel 0il 2: A fuel oil
3 : Allowable corrosion rate
Fig. 2. Corrosion rate of HP alloy in fuel oil fir-
ing furnace.

Corrosion
products

Oxide film

_____ VA

¢ : Base metal
d : Cavity

a : Decarburized zone
b : Metal loss
Magnification : 100

C fuel oil, 1090°C
Fig. 3. Cross-section of the metel (HP) exposed
to fuel oil combustion gas.
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Photo. 1.

Alloy 800H ferrule damaged in hot sul-
fidic atmosphere.
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RF IR OMERE F R T S ¢ GEERRE O LH 2505
TR, RBEICHE, LT (a—Fr 2w
5) B O F T REERGERIT.
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ENBF—ATFFA b= MY v 7 X (IEEROIH) 12X
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Test fluid : Ethane -+ Steam f
Flow rate : 400cc/min Ni
r Temperature : 800°C
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Carbon deposition (mg/cm?/h)

ISUS§O4 1 N 1 1 i L 1
0 20 40 60 80 100
Ni content in alloys (%)

Fig. 4. Deposition rate of carbon on the specimen
surface of Ni-containing alloys.

Table 2. General feature of the double-layered cast tube, CORET.
Chemical composition (wt%, max) Dimension (mm)
Layer c Fe r Ni Mn Nb, etc. OD/ID/TH Note
Inner 0.60 rem 25 5 10 total, 3.0 —/40 min/2.0 avg
Outer 0.40 rem 25 35 — total, 3.0 60 min/—/— *

* KHR-35 CW (Kubota)
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Change in metal temperature,
AT (°C)

Material:
o 1 CORET ]
10k 2 HP i
| L 1 1 1 1 1 1 1
—20; 20 40 60 80 100

Days on stream (days)

Fig. 5. Increase in tube metal temperature of two
alloys with service time.

Rt s hTwansgs, EEHS IR EHE »5FERY
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® KHR-35CW HEREELH T, MFL bmUHESL
T A L7 RUEEBES Tl L - EREHRE DAL T
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L7220, Zoficb 7uh ) gzl 7vh ) T EESRE Y
WLz, ChoDBtEra—74 0 73h&0w)
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FHHILEL Y L v bDOTHA. BHTIE Al ILBRE
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3:3:2 KEKWHEW: TEETHOa—Fr

WRESL AT EIHBETCIRENB 2L, 2—F
YIIBETRERTW., EELORBRL-EBHO—D%
Ty, HUoHEF HmASICL - THREFShATY
%22)'

KEDT =T TT ¥ MHWSNRBEKERLE N

Transfer line

- (Out)

Riser sleeve
Refractories

Riser pipe

Pressure wall

S| FHA Water jacket
W (% Damaged part

Riser tube

t Process stream (In)

Fig. 6. Coke formation at the outlet piping of
steam reformer furnace.
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Inside
' surface

Outside surface

Photo. 2. Alloy 800H pipe buckled by coke build-up.
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L.
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F 2—7 (0.5Mo %) (2 Photo. 3 IZ/RL 2 kERAI
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EROE IO LD D,
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Photo. 3. 0.5Mo steel WHB tube
blistered by hydrogen attack.
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DbHHHD, U LEOREHEETIEIVThOMEHHE
H _Eix i A58 L2, Photo. 4 12, #RT I ABERNE
PR %K L - BRIET, £BIEE 600°C TRAENEY
1T - 72 SUS321 REER O BRE OB ANRK 2R Y. &
SIRONB LS, B IABEFEOFOSENE
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Materiz;}_l :SUS321
Test duration: 120h

Environment :HCI1 1 000 ppm

with cyclone ash

0

Appearance

Photo. 4.

Microstructure

Stainless steel (SUS321) corroded by municipal waste

incinerator ash containing chlorides.
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#EEGORHEME DT —T 1 ¥ I TH B

4. BABXMEE L TOMEE

3TN FHRFBOFFx ML Ch LB E, Zoxt
RIEKOZDoOWTFRPIFEEIND.
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