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New STEN1: an Innovative Acid Resistant L ow Alloy Steel
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Abstract

New S-TENZ, a corrosion resistant low alloy steel (CRLS) was developed. Based on the conventional
S-TENL1, aclassic and standard CRL Sfor sulfuric acid dew corrosion, its corrosion resistance against
acid containing chlorides such as hydrochloric acid was drastically improved by Nippon Steel’s novel
alloy-design technology. As an economical countermeasure against acid dew corrosion, New S-TEN1is
being widely used for plants such aspower stations, wasteincinerators, industrial refuse furnaces, and
various so-called eco-plants, in which hydrochloric acid dew corrosion aswell as sulfuric acid dew cor-
rosion isanticipated. New welding materialsfor New S-TEN1 were also developed, which show equiva-

lent corrosion resistance and solve selective corrosion of welded metal.
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Types of acid dew corrosion

Coal fired
power plants

LNG fired
power plants

Heavy oil fired
power plants

Refuse incinerators and
industrial refuse furnaces

Level of corrosive components in exhaust gas

SO, 100-2,000ppm 100-2,000ppm - 20-150ppm=3-
HCI <lppm not available - 300-1,500ppm™*3-
H,0 5-10% 5-10% 10-20% 10-50%
Acid condensation
H,SO, +++ *10 +++ - ++
HCI - *10 - - +++
HZO - - +++ O ++0
CI- level in ashes / corr. products - Low Low-high*?" Extremely high
Typical ranges of dew points 100-15001 100-15001 50-600) Sulfuric acid : 100-1500
O sulfuric acidOJ O sulfuric acid[] 0 waterd Hydorchloric acid : 50-800]

Facilties nesessary for
protection against acid dew corr.

Air preheaters
Ducts, stacks

Air preheaters
Ducts, GGH

Air preheaters
Ducts, stacks

Rapid coolers
Bug-filters
Ducts, stacks

*10+++ : dominant and aggressive, - : negligible

*20 At air-preheaters, high chlorides from air-born salt were detected.
*3J\Waste incineration plant.

Corrosion condtions after WFGD processes are not listed above.
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Exhaust gas temperature
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0000000 SO, 6ppm, HCI: 300ppm, H,0: 30%0 0 0 00
Schematic diagram of acid dew corroion mechanisms (Flue gad1SO,:
6ppm, HCI: 300ppm, H,0: 30%)
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SE-image of the corroded inner cylinder and distribution of chlorides
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Chemical compositions of New S-TEN1

[J mass%[]
C Si Mn P S Cu Sh
Conventional
S-TENL 0.10 | 0.27 | 0.42 | 0.019 | 0.005 | 0.31 | 0.10
New
S-TEN1 0.02 | 0.27 | 0.95 | 0.011 | 0.011 | 0.29 | 0.10

[0 Other micro-elements may contain for purposes
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Specifications of New S-TEN1
0 1CBize range

Steel type
Cold-rolled sheets
Hot-rolled sheets and plates

Thickness/size

0.6mm or more to 2.3mm or under

1.6mm or more to 20mm or under

Wall thickness :1.8mm or more
Electric resistance welded to 10.5mm or under

pipe and tubes

Outside diameter :19mm or more

to 114.3mm or under

O 2[Chemical compositions [J mass%l[]
C Si Mn P S Cu Sh
<0.14 | <055 | <1.60 | <0.025 | <0.025 | 0.25/0.50 | <0.15
[0 3[Mechanical properties] sheets and plates(]
Tension test
Yield strength | Tensile strength Elongation Test piece
0 N/mm20 O N/mm?0 0 %0 gJisgd
=235 =400 =23 No.5
O000S-TENIOOODOOD
Physical properties of New S-TEN1
Temp. | Youngs Specific Heat Coefficient of
modulus heat conductivity | thermal expansion
200°T
go0o | OGPad |OJkgO KO |OW/mOKO Ox 107800
25 207.4 0.450 44.2 -
100 203.7 - - 12.8
200 198.3 0.491 45.5 13.2
300 192.0 - - 13.6
400 184.0 0.532 36.8 14.0
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Typical microstructure of New S-TEN1
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Results of tension test and bending test

Tension test Bending test
Thickness | yield point | Tensile | Elongation | Test | ~R=1.5t
strength [t : thickness[

OmmO |O0Nmm?0 0N/mm?0 0 %0 piece

2.3 300 436 37 -

6 320 432 42 JIS -

12 384 446 42 No.5 -

16 417 458 43 Good
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Chemical compositions of test coupons

(1 mass%[]
C Si Mn P S Cu Cr Sb Ti
Carbon steel
0 JIS SS40000 0.15 0.14 0.70 0.010 0.010 - - - -
Conventional
S-TENL 0.10 0.27 0.42 0.019 0.005 031 - 010 -
New
S-TENL 0.02 0.27 0.95 0.011 0.011 029 - 010 -
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Temperature (°C)
20 40 60 70 80 100 120 140

T T T T T T 1] T

---0-- 55400
--v- Conventional S-TEN1

O.. —a— New S-TEN1
10" | B

Corrosion rate {(mg/cnf/h)

T YT

- *for 70%,75% and 80%; 300g/L of acitivated carbon powder
was added to test solutions.
1 ] ] 1

1 1 i 1
20% 40% 50% 60% 70% 75% 80%
Concentration of H SO, (mass%)

10%

oooos-TENlOSO,000ouououooooooog
Immersion test results under the SO_-10%H,0 equilibrium state of
sulfuric acid
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SS400 Type304SS  Type316LSS Conv.S-TEN1 New S-TEN1

Corrosion rate (g/m’/h)

w
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Immersion test results under 50%H,SO, at 70°C
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Results of field test in surlfuric acid dew point corrosion

Test location Ljungstrom type air preheater
at coal-fired power plant
Coupon attachment Radial seal at cold-end side
Flue gas temperature 1300 Flue SO, 455ppm(dry)
Inlet air temperature 300 gas H,0 5vol%
Conditions | Dewpoint (estimate) 1280 " 0, 3.6vol%
. composition
Coupon temperature | not available Co, 15.5vol%
Test duration 5 months ( 3.6kh)
Grade Corrosion rate Corrosion resistance
Results Conventional S-TEN1 0.12 mm/y good
New S-TEN1 0.11 mm.y good

00000000000 38000020040

0240



00000000000000000S-TENL

1200

- 80°C 10.5mass% HCI solution for 6h
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Immersion test results under HCI solutions at 80°C

200 T T T

0.3N H_SO, at 60°C

Py
(3.}
o

bt

100

Corrosion rate (g/m/n)

50

NEW S-TEN1

0.1 1

0
free 10

NaCl content in solution (mass%)

O000S-TENIOOOOOOODO0DO0D0ODDONaCIOOO
Effect of chlorides on corrosion rate of New S-TEN1 in dilute H,SO,
solution

S$S400 |

Location: duct panels for dust collecter
in a coke oven plant
Thermal nsulator: none H
Fumnace operation: intermittent:
Estimatedtemp: 50400°C  :
Gas:exhaust gas + COG + coal powder
S03:20ppm: H
Fly ash: contains chlorides
Testduration; 6 months

Conv. S-TEN1

New S-TEN1

0.10 0.15 0.20

Corrosion rate (mm / year)
J0000000000oooooooooooooooooooon
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Corrosion loss in thickness of duct panels at coke oven gas, where
sulfuric acid dew corrosion involving chloride-containing ashes

0.00 0.05
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Mechanical properties of welding materials

Welding Tension test Charpy impact test
; Yield Tensil |Elongation| Absorbed energy
material point strength
0 MPall | OO MPald 0 %0 gJo
ST-16M 471 568 31 165 at 0O
SF-1ST 581 640 27 71 at 0O

gooooooooooo
Chemical compositions of welded metals with New S-TEN1

0 mass%l]
\r’T\]’zt'gr';? C Si  Mn P S cu sb
ST-16M | 0.04 062 050 0.009 0004 042 0.08
SF-1ST | 0.05 060 141 0012 0.013 039 0.10
ploooooo
Welding conditions
Welding | Diameter Current Voltage Speed Heat input Shielding
material | O mmO OAO 0OVOOmm/minC kJ/mm0O gas
SMAW 4.0 170 24 140 1.7 -
FCAW 1.2 280 30 300 1.7 Co,
Dl11o0o00oooooo
Welding joints tested
Welding method \r/nvgtlgrlir;gl Base metal Remarks
Shield metal ST-16M New S-TEN1 New
arc welding ST-16 Conv. S-TEN1 -
0 SMAWD S-16 Mild steeld JIS SS4000] -
Flux cored SF-1ST New S-TEN1 New
arc welding FC-1ST Conv. S-TEN1 -
0O FCAWD SF-1 Mild steeld JIS SS4000] -
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Cross-sectoin of welded joints after HCl immersion tests
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New S-TEN1 i b
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Cross-sectoin of welded joints after 20%H,SO, immersion

s
¢
2
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Appearance of welded joints after 4 months immersion test in
a HCI pickling pot

crevice corrosion I

A mild steel (JIS S5400) |

it L

| A conventional S-TEN 1 l

Pits

A New S-TEN 1

1]1\V1|Tlmgi“.l}‘.m‘}m:“:ngumc i )

11 NN AN R

000ooo0o0ooOo0ooOoUoooOoOoooOoOoooOo
Cross-section of welded joints after 4 months immersion test in HCI
pickling pot
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T T T

(with comventional welidng material; S-16)

ZNE

S$S400 | BM (Base Metal)
WM (Welded Meta) |
(with comventional welidng material; ST-16)
Conv. S-TEN1

after full immersion
in an acid pickling bath |
(17.5%HC))
for 4 months at 32°C
T

T

4 6

Corrosion rate (mm/y/side)

New S-TEN1
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Corrosion loss in thickness of welded joints in acid pickling bath
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-200 rr T T T

1N{3.5mass%) HCI solution (air open) at 40°C
measured after after 1 hour immersion

* FJ“" corresponds to corrosion rate

E -100 New S-TEN1

Z (ohm-cm?)

im

0 ‘ T;‘r N ol -
200
zZ_, (ohm-cm?)
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Cole-Cole plots of New S-TENL1 in 1N HCI solution by EIS
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