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Development and Application of the New Low Alloy Steel (ARU-TEN™) Exhibiting Good Corrosion Resistance

® Z 18 w OB B # ] E EF *
Makoto NAGASAWA  Naoki SAITOH Takeshi TSUZUKI
"B K ® £ T E R H 5 B A

Motohiro OKUSHIMA Michio KANEKO Mutsuto TANAKA

4 %

SEEREPICEVTAT L AEISEVWVEN R4 2HF T % ARU-TEN® 2F3, AL
ARU-TEN (&, E#Zn ) v F 771 Y HEDOBRRBRERMICL BB TILHULE CrRAILED
BETRANCE - T, ARRAEAHRILSLEIETENAMEEEREET S, SELLT7XZILD
ANMEEIZXLEL TV B HHEBNEMT, Eh/AMEEEE T IHEIRBEICELWMVMESLETH
W, BICHEMEEERSNAIAFRMIETERINA WS, 51, BREREBEIEBN YAV NEEBARE
TREZRTEN-MARSIVUMEEEL, BEEBEORHEIIFIA TV S,

Abstract

We developed new corrosion resistant steel (ARU-TEN™) that exhibits good corrosion resistance
closer to that of stainless steels in high chloride environments. Corrosion resistance of ARU-TEN
steel is derived from a combination of inorganic zinc primer coating and the addition of Cr and Al
etc. to the steel. It results in passivation of the steel surface due to a weak alkaline environment by
corrosion products of the inorganic zinc primer and alloying elements added. ARU-TEN is an
environment-friendly low alloy steel that minimizes the amount of rare-metal alloy addition and
the application of ARU-TEN is gradually expanding for steel making plants in seashore areas. In
addition, ARU-TEN shows good anti-rust resistance in mild corrosion environments such as indoor
environments without the inorganic zinc primer and it is expected to be used as precision instruments

in indoor environments.
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%=1 ARU-TEN b2 251 (mass%)
Example of chemical compositions of ARU-TEN (mass%)
C Si Mn P S Cr Others
0.02 0.26 2.61 0.007 | 0.001 5.99 Al, Cu, Ni

1 EEREMAHEOATLRK CCT RERZBIE 9
(90 1 7 IL1%)
Appearance of samples (bare surface) after corrosion test

for 90 cycles

ARU-TEN

B Mild Steel 5%Cr Steel Type 304

10mm

2 FEZnN T IAYERMOALBKCCT REREBNEY
(150 %1 7 Iv1%)

Appearance of Zn-primer painted samples after corrosion

test for 150 cycles

1.65

15

Max.corrosion depth(mm)

0.5

0.04

Mild Steel Fe-5Cr ARU-TEN  Type304

3 AI#EKCCT RBEOCZERMORABIHRES 9
Maximum corrosion depth of samples after corrosion test
for 150 cycles

TEN 3 Zn V) v F T IA <52 BATHZ LT, SUS304
DT EWNEET L2 Ebhb 9%
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F A < ¥AT L7z ARU-TEN OF LW S OGN 2L ¢

BoH B & B F400%5 (2014)



Bh/-TEMEEKR L HHERE (ARU-TEN®) OFIR & XAt

WBHDLEZ, 5TV EIZIREE L7 ATk E Vv,
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M4 BSUED pH BIERER
Measurement result of pH on Zn-primer painted corrosion
product after CCT
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Mild Steel
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% 1.E-05 / .
’
5 / /
o 1.E-06 ’ /I - e
€ '/J’
g . pHO2  30°C
8 1.E-07 [ 2/3artifical sea water
: Ar.Sat. 20mV/min
1.E-08 : :
-500 —400 —-300 —200 -100 0

Potential, £/ mV vs. Ag/AQCl e sat)

X5 EEEMOEEMEED PHI2 DT/ — KABRAIE
LS

Anodic polarization curves of mild steel, 5%Cr and ARU-

TEN in mixed solution of artificial sea water and standard

buffer solution, with its pH 9.2
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6 (Z MBI 22 ke Zn ) v F 75 A < A R oW HIT
HZRYo R7IZMA Zn ) vF 75 4 &4 L7z ARU-
TEN @ CCT iRErAE DO H S OO A SRR B SR L 2 7R
T Q5um H\, ERTHERH SN L&A EIL O HEE
In Vv FTIA4~ (NGRS OHERER = 0B ME) %
A 72 ARU-TEN, 12 2*F CCT iBif%). #IHILFH
10um DU OEE Zn K 255890 515708, CCT illifa T
FEBHSR FIXIE A LR L TB5 T, MR a4
EYETEBbILTEBY, MEOBEIIFEDSNL V.
FANYBNTIE, Zn, O, Mg D AEHFRD HNE (H8),
Tabb, DR LBARICB VT Mg & & Ol SR

X6 E#EZN )y FT T4 BRMOREERZRG] (F1HA)
Example of optical microphotographs of cross-section of
Zn-primer painted samples (before test)

100um

7 ANI#EKCCT HERBEODBIVISDMEERER
Optical microphotographs of cross-section of rust layer on
Zn-primer painted samples after CCT

8 ATk CCT REREDMIE Electron Probe Micro Analyzer (EPMA) Tt~ v E> Y
EPMA analysis results of cross-section of rust layer on Zn-primer painted steel for after CCT
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B Mild Steel

10mm

K9 HKIRET COREEARRZIE
Appearance of samples (bare surface) after condensation
corrosion test for 300 h

HEBYWESR SN, CORR, WEFEAGET Vv 7)
L2265,
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FCEDEEZ, HMEZERETO ARU-TEN OERFH
BT ET L7z

BEEtbicid, 75 x 75 X 2.5 mm JEOE#EH, ARU-TEN,
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HRAEHN ORI % 80T Tl L CRlBi i 21H % & WKk 2
X LRE TR AL 300 BRI L 720 B9 12 300 K
1 falBR iR OB OVBIE E 2 7R T il TIIRs
CDFEAHEZRD 55D, ARU-TEN (SR 51 73 R
LN EOMRTH 5720 > T, ARU-TEN IFEN
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RENEEFTLI ENbN D,

4. ARU-TENDOE#H & WNBEEBDEIFMEICDOWT

4.1 Bt
4.1.1 SIS

4.1.2 HEMRVAFIE

R2 |\ E 2 7R3 ARU-TEN ORI 5REE L
490MPa M TH 1Y), 0CIZBIT S Y ¥ IV E—IRILT A )L F—
b 200) LLEOEWEEZIRT

4.2 JAEEEREEME

4.2.1 B[E%

R SIHE 25mm % HIW JIS Z 3158 12 & Y FE i & 7z
y B EIn Bt %, RA4CEONFBRERT %
B, RN AENEEZZE L T, SUS309 Hix T
Wb, 0CIZBWTHIIREILUIFED 5113, ARU-TEN (X
BRI REEEEE L T,

422 BREMRFEMN
ME 12mm B L 25mm SRz H, BT O
MAEEIZOWTHRAT L7z, REICHW -GS %,

xR2 BEMOBEHEFE

Mechanical properties of base plates

Plat Tensile properties Impact property
ate
. . Yield | Tensile . .
thickness|Specimen| Elongation Specimen| VE .
(mm) ) strength | strength %) ) 0
mm e e
P N/mm?) | (N/mm?)| P
4.5 JIS5 488 620 29 - -
9 JIS5 437 636 27 - -
12 JIS1A | 409 659 21 204
JISV
25 JIS 1A 390 636 21 215

#=3 yEREEIIhRBREG
Welding condition of y-groove weld cracking test

Plat
thi lje Welding Current | Voltage | Speed [Heat input
ickness
material (A) \% (cpm) | (kJ/mm)
(mm)
JIS Z.3323
e 170 26 15 18
YF309LC type

F4 yRENEHBRER
Test results of y-groove weld cracking test

WIS, FET4 »THE SN2 ARU-TEN OFFEIZDOWT
IR AL, W ORI X O T RESE T Condition Cracking rate (%)
KL SRR L 0 EEE S GE R FT, Temperature | Humidity Surface | Cross section Root
’ T ’ (°C) (%) 1|2 Ave| 1 | 2 |Ave| 1 | 2 |Ave.
?&Fﬂﬁgﬁﬁ)éhwi}?*ﬁ%ﬁ7/f :/a:; V)*}ig 45 -~ 25mm 20 60 0 0 0 0 0 0 0 0 0
fif e L Sz, 0 - ojojojojojlo]olo|o
=5 BEEHG
Welding condition
Weldi diti
Plate thickness Welding Welding . Number of ciding roncition -
(mm) method material Shield gas asses Current Voltage Speed Heat iput
P @) ) (cpm) (kJ/mm)
12 JIS 73323 5 210 27 26 1.3
Flux cored arc Ar+
. (1.2mm¢) BP: 5 210 26 25 1.3
25 welding 20%CO.
TS309L 2 FP: 5 220 27 25 1.4
— 75— oA 8k & B %4005 (2014)
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Backing pass (BP)
4mm 60°
2.5r
60° .
s 25mm thick
12mm thick 12:5m
Backing
19mm
Finishing pass (FP)
10 REmIK
Groove shape
F*6 MF5RARBER
Test results of tensile test
Plate Tensile properties
thickness Specimen Yield Tensile Lacation of
(mm) type strength strength fracture
12 521 648 Weld metal
JIS Z 3121 522 620 Weld metal
95 Type-1 463 644 Weld metal
465 633 Weld metal
150 [ | 12mm thick | 150 | 25mm thick '—
100 100 /%

vEo (J)
vEo (J)

50 | 50 /E/
I 5
e lm T“T/zw

ol 0

WM  FL HAZ1 HAZ3 WM  FL HAZ1 HAzZ3

Notch location Notch location

11 #MFLvIILE—HBER
Test results of Charpy impact test

10 2B IRZ RS 7 A4 Y —1F 1.2mm O 309 R iE %
MEZ T, FCAW IZTHE 12mm 3 X UF 25mm §iK
WZREFBHREER L2 2B, AL 13 ~ 14k)/
mm, BETFEB L OBHUTFER L TR,

KOIEBELNTHFIEABEREZ RS, wTho
ARU-TEN A BT B OF 3R S 1241V 600 MPa
DA EOFREE TR L TV 5,

X 11 |27AH 48, Fusion Line(FL), Z11 X V) 1mm(HAZ1)
BXU 3mm (HAZ3) BENZEFTICYIR % AN TER S
T v V=S BE R E R T LT NOSRKIZB T
L 0CT 27T P EOWIR T AN F—%IRL TV 5,

12 IZARE 25 mm M2 BT 2 HETFHER O Wil < 4346 %
HE L7 R %R 9. FL R BT b2s, HAZ
TR R SN LD, TOREIIRE RV,

4.3 Z D04

4.3.1 IR S £ UHIEIM

ARU-TEN 2 UM+ 2361, 79 AX<HbH0idL —
F—UWE L2 ENLF L v, —F, ARU-TEN I35
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Distance from FL(m?n)

12 #FHEES 2 (25mm)
Hardness distribution of welded joint

[Material SKH51
Drill Drill diameter 6 mm
Revolution 890 rev/min
Feed amount per rotation 0.1 mm/rev
Condition |Drilling depth per rotation 20 mm/rev .
Number of holes 300 we  Outer corner wear
Cutting fluid Water—soluble coolant wi W'=W1-w2
0.6
E
0.5
= ARU-TEN
$ 04 [xSUSIH A
. ——
- -~ 55400
o 0.3 -
= /
9]
c 02
Q
o
o
5 01
3
0
0 2000 4000 6000 8000

Drilling depth  (mm)
13 RUIIEEICRIZTMEOSEE
Influence of materials on outer corner wear of drill tip

=7 ARU-TEN O#32R914E
Physical properties of ARU-TEN

Physical properties (20°C) | SS400 SUS304 | ARU-TEN
Elastic modulus GPa 206 194 206
gfpzlfggflm of thermal 560 | 5 17 13
Thermal conductivity W/m/K 58 16 22%
Specific heat J/g/lK 0.46 0.5 0.45
Electrical conductivity xQ-cm 16 72 72
Magnetism Magnetic [Nonmagnetic/ Magnetic
% 20-300°C

FHN RO T2 A L TBY), WAL AEED
TE5Z &5, SUS304 1w LCLEEqA, YHIEES
SUOMIREPENLTWIRELZAE TS (B13), 512
SUS304 OB T % Uz L 72 SUS303 1oxt LT %L L
DML EHERRL T 5,

4.3.2 MIEROYEME

F 712 ARU-TEN OWERRIEE % SS400 B X UF SUS304
LI L TR T, BYRIEER B L OB AIPUIE SUS304 123
$, FNLIAHIEA SS400 (T WIEE % 7R,
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FZOWTIE, Cr, ALRINTCHTESZ P LS, C KD
W 2L T Cr Ao 2 HHI L T %o Mn (3T 147
ErEBLEEL

MEIL 6mm 705 25mm ZEEHE L 3575, TRIE 2.3mm,
FBRIZ 50mm ¥ CHEGEWEETH Do HIM O LTI,
ARU-TEN-A, B, C ® 3f#i#i& L, ARU-TEN-A (2857 H5E
DI TS Z£3E L 72\ b, ARU-TEN-B 355k
REEE AT 5 DD, ARU-TEN-C 13 & 5 | 2B % 4
TTLHDTHAS.

6. ARU-TEN®ZE#:E )

B 14 |28k oA RFEE 2> X7 (PCD) %7 M#EH
SN Zn 7T A~ & AT L7 ARU-TEN 27~ 5,
FE S 200m FREEICE L, MIEEREE LS, H284F
L TW5A, BFRIMBITHRLTWD D, Z0fl

%8 ARU-TEN OtZR 5
Chemical compositions of ARU-TEN

PUERAT OF A FRHRIE T > R T FEI, I R Is TR
7 &, EIHEBRE T COBMMAEED TV 5,

F72, BHOREINED, HBE T O D
VB2 EO BRI~ AV FRBAEBRBICBW T
RS CL BRI AT RS OMASIFETEL 2225, M15
R EZERE R ENOMHADED TV 5,

7. #&

[

R Zn ) v 57 7 A v H LR O HEERIE AR X
HEGT N AL Cr R Al R EDBEETLHRERIMIE > T,
HAEE Z AEREL S A 2 L TEffize L 7 A 7 IV Ousl
wA2 KIRICHIRL 2D, BEEREICBVTCOENLIEA
% S84 C& 5 ARU-TEN %58 L 720

ARU-TEN I¥, A7 ¥ VAW EEE A L 2RATS
PEFIN A AERMOIN T, R AT 545 F TSR W
BHTHY, TOL)BEEMEENL, Sk, BRI
TR < B NERBE DA B 2 &~ 8 FHHL R 2SI FF
SNTW5h,

C Si Mn P S Cr T-Al Others _
Other Cil
| t PR OIEE T > NTF Oz 7> HHE
=0.05| = 0.55| = 3.00 = 0.035= 0.035 = 550 = 1.10 "o MY R OEE 757 POBRIHIZY, AR
be added if ey v=7) 7 k) SHERIK AR,
necessal . - < 3
- 370, BIBSA~ORMTIE, HEEST v 7 210 Y ()
}9  ARU-TEN O#RAYIEE
Mechanical properties of ARU-TEN
. . . Charpy impact test
Yield t El t
Thickne el poiy Tensile ongation (1/4 thickness-longitudinal direction)
ckness or
Grad Strength Absorbed
rade (mm) |Yield strength reng Thickness Test Thickness | Test temp. SOrbe Test
(N/mm?) (%) energy
(N/mm?) (mm) specimen (mm) (°C) o specimen
ARU-TEN-A No test
ARU-TEN.B | 6-25 =16 JIS 1A =15 b No test
— (2.3-50) =315 490-700 16 < JIS 1A =19
ARU-TEN-C 40 < JIS 4 =21 0 =27 JIS V-notch

14 ARU-TEN #AREBEINTE T b
Coal perpendicular conveyer duct of ARU-TEN

15 ARU-TEN ®HEZHFz:
Precision machinery of ARU-TEN
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