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Synopsis:

This paper summarizes developments in the quality, designability,
and multi-functionability of stainless steel sheets. The corrosion
resistance of stainless steel has been improved by controlling alloying
elements in two ways. The first is to reduce carbon to an extra-low
concentration, and the second is to increase the content of alloying
elements. Also described are improvements in the oxidation resis-
tance and quench-hardenability of stainless steel for disk brake use.
For designability, two coloring methods of stainiess steel have been
developed. One is the electrochemical oxidation to form a thin film
and the other is the transparent resin coating on the surface of stain-
less steel. Stainless steels also attained multi-functionability by
developing products for far infrared radiation, for a catalyst sub-
strate to be used in automobile exhaust systems, and for nonmag-

netic application.
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Fig. 1 Charpy energy vs temperature curves for TIG weld met-
als of 3 mm (0.12in) thick sheet of 16% Cr steels
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Fig. 2 Relationship between measured pitting potential
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Tahle 1 Pitting potentials (V5 10) and major applications of new ferritic stainless steels with low carbon and nitrogen contents

Steel Composition Outline Ve (mv SCE) Major Applications
R 409L 11Cr-T3-0.01C 105 Automehile exhaust pipe
SUS 430% 17Cr-0.06C 120 —
R 430LT 17Cr-Ti-0.02C 148 Bicycle rims
R 430LN 18Cr-Nb-0.02C 155 Bicyele rims
SUS 434% 17Cr-1Mo-0.068C 167 ——
R 434L.T1 18Cr-1Mo-Ti-0.003C 230 ‘Warm water tanks
R 430LNM 18Cr-0.5Mo-Nb-0.02C 245 Warm water tanks
R 434LN1 18Cr-1Mo-Nb-0.003C 258 Warm water tanks
R 430CuN 15Cr-0.5Cu-0.3Nb-0.02C 286 Automobile external panel
R 434LT2 18Cr-2Mo-Ti-0.003C 370 Warm water tanks, Solar heat collector plates
R 434LN2 18Cr-2Mo-Nb-0.003C 388 Warm water tanks, Solar heat collector plates
R 445LY 22Cr-1Mo-Nb-Cu-0.02C 700 Roof
R 445M 22Cr-1Mo-Nb-0.02C 603 Autemobile external panel
SR 26-1 26Cr-1Mo-Nb-0.003C ‘Warm water boilers
S30-2 30Cr-2Mo-Nb-0.003C >1000 Plant for making organic acids
SR 26-4 26Cr-4Mo-Nb-0.003C Plant for making organic acids
SUS 304* 18Cr-8Ni-0.06C 302 —_
SUS 316L* 18Cr-12Ni-2Mo-0.02C 364 —

* Conventional stainless steels
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Fig. 3 Effects of Cr and Mo contents on pitting corrosion re-

sistance of ferritic and austenitic stainless steels
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Fig. 4 Effect of Cu content on the susceptibility to stress cor-
rosion cracking of 20Cr-12Ni stainless steel in boiling
MgCl; solution by U hend method
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Fig. 5 Effect of Si content on weight change of 119%Cr-Ti
steel by continuous heating in air at various tempera-
tures for 300 h
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Fig. 6 Relationship between hardness and quenching tempera-
ture (Holding time, 10 min; cooling rate, 30°C/s)
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Fig. 7 Schema of alternating current electrolyzing for produc-

ing LUMINA COLOR
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m%, total time 20 min, #.=1.., 60°C)
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Table 2 Specifications of substrate

Types of steel SUS 304, SUS 430
Available size

Thickness 0.3~1.5mm

Width <1219 mm

Length <4 000 mm
Finishes Hair-line polishing, etching, ete
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Tahble 3 Properties of Fancy-Coat-Color

Items of Test Result Test Method

Color 4 types clear, gray, bronze, gold
Film thickness 20 pm
Pencile hardness Fj2H “Mitsubishi Uni*’
Paint adhesion Excellent Cross-cut adhesion Erichsen test: 6 mm
Formability Excellent Bending test 17" 180°
Durability*! Excellent Boiling water for 2 h
Humidity resistance Excellent 959%RH, 50°C*1 000 h
Salt spray test Excellent 59, NaCl, 35°C¥*500 h
Acid resistance No change 59,H,50,, 20°C*168 h
Alkali resistance No change 59, NaOH, 20°C*168 h
Acc. weathering test Sunshine type W-O-M

Adhesion 100/100 3000 h

Gloss retension 959%

Discoloring and fading (4E) 2.1

*L 90° bent area of test pannel
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‘Photo 1 CrzOj on the surface of RF-100 sheet
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Fig. 9 Far infrared emissivities of FR-100 and usual stainless
steel at 400°C
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Fig. 10 Effects of REM contents on the oxidation resistance of
Fe-20Cr-5A1 foil 50 um thick at 1 150°C in air
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R3055 and SUS 316 with cold rolting reduction

=TI, FEEEE & DA A ER SR, B, coE
D3 Fpr SUS3I6 v bh, BESYBABELCFALE 7
FA L (CREM) RMERLAE WAESEHABL Dk nT
L CHEYEDTHA SRS, SUS6 o kfiaits ey s L
AHETH D, N, Mok {&EL, F0hodt~ATF ot
BETMI L 2 TwAF Vg FEBLE S Wbt SEREH 5
ELTEAZSRTWA, 2oz ki, FHER»LRED ST
LAMETARCHZ ERE LT, ¥ Mo 2B ikt o
o Tnd, £2C, 20X 5 RS 1 7R T5H Luv#
BOBREIHE D BT,

AR OXE A v bid, MTHR-A 7 w4 bAUER LI W
&, BETCTFAZ 774 PBEBRLEVLZE, BEBCT v
F—h oy VEORBEERLAEVZETHD, chbTRTEHE
THERGAT v A% R DI FER, 20Cr-13Ni-0.9Mn 1k > RI05S »:
BB Zhi®,

R3055 43, Fig. IR+ L5 60% OEEN T4 F-Th+
SRR L TE ), MEENEAE T2 bcimmTviL
BEZ Eddhinb, ¥, R3058 & SUS316 o L S# 0
FREYLETS &, BEDC K VORET 1.0040, #3EiT 1.0230,
BB GTRTHE 1.0033, #HEi31.0034 TH ot LicAia T,
R3063 i3, HFERLEHN (AEOHEUBERT DTS2V T 2T

JIiEMEEER Vol. 21 No. 3 1589



238 ATV AREOLIT & BRIEOM L

A EEYHRE LABnEVLE LT, BEOFECOMER
THECHAH, FARE—ROIMEMIOLE M L LTRY, B
WC7 v F—Hy P OERIITRGIDSEND Y- FREALIERT
.

7 & E

ATV VAR BT 2 RAOHEOALE BEREELRLUR
ARENH OB OVWTEEBELUTOLRI TS,
(1) Ao LT,

(a) BERBLOFAT, BEHHOTT/ I TAHM
AL LHELABE D7 FI P RAF VLA
M|MEHR L,

{(b) BE&E&LEOKFATH, Cr, Mo, Nt Cu LH#Y £
hEhEDHCHALLEEOBRRAEER T v Vv ARY R
L.

(2) MRk EEBELTI, Si2RMT52 LR %

b @hi-7 =71t RAT Y Vv AREBHE L.

(3) ®mAtomEC STz, CENBIUMnRINESYRE

(4}

(5)

ThHIbCED, BRUABZSEL LVWRAAEOLTE
ELABEYTT AT YA P RAT v ABEAR L.
BEEHHOBRCH LTI, THOAT v v ARMELEM

Lic#s7aicBlshé LT,

(a) ZEEMREMEC L OAT v v AL #0E
IR LA R R AR F v VAT L.
(b) FUMBEEFEATVILASMIKELTL, AT LA
HREE - OEEEYED, THEE, 6talE, TS

Bhiv . EEEREN PRI L.
SR ORI LT, FhiTkeS I, 7 ABEEE

HLcHE LT,

(a) TaMkoBVE Cr@oXRmEIZEY Cr iy & BUE
L oREe, WAl SBERESCEL Ly
ROFEBEARARRSHEA R LR L.

(h) €Fi,7A2c{ihs ABENSRELME= v~ -5~
A= AR ELT, WERERBECHECSER - BRR T
L1,

(c) FOfMoBELYETaL 0L LCIEREHM MO T

21

£ EF LW
1) W. O. Binder and H. R. Spendelow Jr.: Trans. ASM, 43 (1951),
759

2y HRAE— EEwE HEELE KT
IS EEEE R, 17 (1985) 3, 249

3) S. Iwaoka, H. Kaito, T. Ohtani, M. Takeda, and N, Kinoshita:
Stainless Steel '77, sponsored by Climax Molybdenum Co., Londen,
{1977)

4) NEFOTEL BRI UFRSERE, 17 (1985) 3, 193

5, HEE—, #HAEHR AT 7. FERLY, LN BREOE N
WM, 17 (1985) 3, 240

6) FR T, BkE . HRE— BAER: P 70 (1984) 13,
51348

7) Eftw, 258 @ AR 86 IRE, (1986), C.108

8) N. Suutala and. M. Kurkela: Stainless Steels "84, sponsored by Cli-
max Molybdenum Co. (1984), 240

9) T I, GIERE, fAREE: TR ANMRe (1987,
A-302

10) ¥ T, PRk, HF 5 ML S=wA, 1 (1988) 6, 1804

11} #ED%E: KSIETFA%RE, 35 (1984) 2, 167

12) HR @, SR, /NP T BRI 69 (1983) 7, 837

13) ST, AN, FEEAT, iR JINPHREZE 16

fho RAIMERE, A4 N

ISR ESR Vol. 21 No. 3 1989

14)

15)

16)

17)

18)
19)

20)

21)
22)

23)
24)
25)

— G2 -

(1982) 2, 116

BN, WIER W B AN TOHRE S EMS
gfeRs, (1988), C-Ll12
AL UERIZD DIk, RO KHMERG JIRTRBEN,

7 {1975) 1, 21

Jwga e, ERRE, AN KEEEESE:
4, 437

HRE—, fRkER, AON,
£, 15 (1983) 4, 266

JIREER, 8 (1976)

PRPMEEE, sE TT: NG S28kb

HHAR: ATFwLoA, 30 (1987) 4, 1
B, THRET, WRK—, 4 {5 LWREIE, R

JInFR g, 21 (1989) 1, 34

Bl arEdamER: DBy P &l & £ ORER L,
B R EARD

B EZ, BETHA: BHERN, 42 (1983) 6, 655
B, JEGsERE, fvAREA: OESMESFINRENTE, (1988),
369

JREE: SRR, 37 (1988) 11, 50

cpE 1, THEEE, PRSMG (IDEERERT 42 (1988) 11, 1501
iAo . ORRE 1. ehkmr, BN R R OR, AF R NS
BIFEENER, 21 (1939) 1, 39

(1986), (&



