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—Renewing Sulfuric Acid Resistance Steel STEN1-
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Abstract

S-TEN1, acorrosion resistant steel for sulfuric acid dew, has been widely used in flue gas treating
equipments such asair preheaters, smoke stucks and ducts as a counter measure for low temperature
corrosion caused by sulfur oxides. However recently, the steel alsoisrequired to corrosion resistance
against hydrochloric acid dew corrosion resulting from lower-temper ature waste gas at waste inciner at-
ing facilities. So, Nippon Steel Corporation hasjust developed “New S-TEN1" steel having not only
corrosion resistant for sulfuric acid, but also excellent corrosion resistant for hydrochloric acid. This
paper explains qualitative characteristics of electric resistance welding tube made of New S-TEN1 sted,
combining the comparison New S-TEN1 with STENL.
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Exhaust gas temperature Chemical compositions of S-TEN1 / New S-TEN1 (ladle analysis)
80°C (mass%)
High
" C Si Mn P S Cu Sh Ni
Wi % Exhaust gas temperatura
o 3 130~150°C I 0.25-
| — E'E 136°C Specification |0 0.14 |0 0.55|0 1.60 |0 0.025|0 0.025 0'50 [J0.15|00.50
Eo ; :
5.5 B O S-TEN1
== o Occurrence of sulfuric acid 0.096 | 0.19 | 0.35 | 0.009 | 0.006 | 0.26 | 0.096 | 0.18
= % = dew-point corresion example
S == = . New S-TEN1
Co =g 2o = e 0029 | 0.21 | 0.89 | 0.010 | 0.006 | 0.32 |0.097 | 0.21
2 =2 2 { » example
38 o % £
5—?2C—8 s — O D bDS-TENIODOS-TEN1IOO OO OO
=8 E =] Mechanical properties of S-TEN1 / New S-TEN1 tubes
=] 5
. Cre g = Yield strength | Tensile strength | Elongation | Hardness
Occurrence of hydrochloric = = , ,
bt acid dew-point corrosion = 2 (N/mm) (N/mm?) (%) (HRB)
§ = STB 340 specification 0215 0340 035 o7
STB 410 specification 0245 0410 035 ao79
000000000000000000000000000000 New S-TEN1/S-TENL| .0 0 380 035 0
0ooo specification
0moooooosofeppm, HCO300ppm, H,A1300 0000 O S-TEN1 example 281 415 52 70
Mechanism of sulfuric- and hydrochloric-acid dew-point corrosion
L . . L . New S-TEN1 example 293 404 53 69
occurring in flue-gas treating equipment at waste incineration plants
(In the case of exhaust gas comprising SO,: 6 ppm, HCI: 300 ppm, Test specimen : JIS Z 2201 No.11 or No.12B

H,0: 30%)

“gsrtes3gorrOOogoooooooon
OooOoo0OobDERwWOOOOS-TENIODODOOOOOOOOODOS-
TENIODOOOOOOooOoooooo

2. OS-TENIOOOOOOO

21 OJ00OO0OOOOOODOOoOoOoDo
O0Ma@OS-TENIDOODDOODODOODOODOOOOS-TEN1IOO
O00STENIOCOODODO000000OMNOO0O000000 (a) Flattening (b) Flaring
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22 OJ0O0OOOOOOOOO Formability test result of New S-TEN1 tubes
OS-TENIOOOOS-TENIO OO OOooseoooooonooogo

HERE SN NS ]
(c) Reverse flattening

00 S-TEN1OO S-TENIOOOOOOOOO
Formability test of S-TEN1 / New S-TEN1 tubes

Flattening** Flaring Reverse flattening
Specification | No evidence of cracks to flattening height H 1.2 times of outside No evidence of cracks
diameter
b o (Lrelt e=0.09
e+t/D
S-TEN1
example No crack No crack No crack
New S-TEN1 02 , ,
example No crack No crack* No crack*

*1 H: distance between flattening plates (mm)
D: specified outside diameter of the tube (mm), t : specified wall thicness of the tube (mm)
*2 See photograph 1
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Tensile properties at elevated temperatures for S-TEN1 / New S-
TENL1 tubes
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Stress-rupture plot for New S-TEN1 tubes
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Comparison of maximum allowable stress values for different steels
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Tensile properties at elevated temperatures for weld joints of New S-
TENL1 tubes
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Cold bend test (bend radius: 65R(2.0D), after liquid penetrant testing)
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Sulfuric acid immersion test results for different steels
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Hydrochloric acid immersion test results for different steels
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Hydrochloric acid (800 , 10.5%) immersion test results for different
tubes
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Field test results of S-TEN1 tubes

Test location

Tube type air preheater at heavy oil-fired boiler of power plant A

Test specimen attachment

Air preheater tubes of low-temperature side at front line

Test Flue gas 124-1300 Gas SO, 360 ppm
condition | temperature composition

Estimated dew 1300 H,0 About 10%

point of flue gas

Test specimen 70-800) Test duration 4,808 h

temperature Times of interval 35 times
Test Measure corrosion mass Estimated annual corrosion mass
results (mm/4,808 h) (one side) (mmly)

Grade Maximum Average

S-TEN1 0.12 0.02 0.04-0.22

STB 340 0.62 0.25 0.46-1.13
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Sulfuric acid with NaCl immersion test results for different steels
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50~400°C Interval operation
S0,;20ppm Exhaust gas +COG
+Coal pawder{includeing CI)
During half year

Average Corrosion mass(mm)
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Field test results of New S-TEN1 under sulfuric-acid dew-point with
chloride during half year
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