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On Formability Control Factors of Low-Interstitial 18 Cr-Mn
Ferritic Stainless Steel

Satoshi KADO, Taketomo YAMAZAKI, Teisu SAKAMOTO,
Yasuhiro NARKAGAWA, Mikio Taumi, Soichi Izuwmr,

Takeo ASHIURA, and Shoji UcHIDA

Synopsis:

On the purpose of increasing the toughness of welded joint, Mn-added low-interstitial 18 Cr ferritic
stainless steel has been developed.

The present investigation has been directed to make clear the effects of Mn and Ti contents, and of rolling
schedule on the formability of titanium-stabilized 18 Cr—Mn ferritic stainless steel sheet. Formability
and texture development are evaluated by utilizing mainly plastic strain ratios(r value), work—hardening
coefficients(n value) and X-ray pole figure analysis.

Mn addition of less than 29, has little effect on the formability of cold-rolled annealed sheet. The {554}
{225 type texture is formed by Ti addition, and composition range of Ti having the best formability depends
on G and N contents and not on Mn. Two-step cold reductions produce higher r values than those pro-
duced by the one-step schedules, but 47 values also increase with two-step reductions. The sheet with the
least plastic anisotropy can be produced by the processing conbination of non hot-band annealing and

one-step cold rolling.
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* BN 52 424 A 18 HEA (Received Apr. 18, 1977)
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321% (Products R and D Laboratories, Nippon Steel Corp.)

ek IR P ARELgk (BR) B R EIR IR T (Products R and D Laboratories, Nippon Steel Corp.,
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BB Ak (FR) 8L LB T22 7T (Products R and D Laboratories, Nippon Steel Corp.)
BB AR Bk (k) S8 8T (Muroran Works, Nippon Steel Corp.)
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Table 1. Chemical composition of specimens.

Specimen No. C Mn Cr Ti

Mn—1  lo.0044] tr 18.08 | 0.282

—2 0.0035f 0.10 17.95 | 0.269

—3 0.0054f 0.11 18.16 | 0.287

—4 0.0068]1 0.40 18.16 | 0.289

—b 0.0088) 0.98 18.29 | 0.2756

—6 0.0036] 1.90 18.08 | 0.274
—7 0.0110f 1.92 18.21 | 0.286

Ti—A—1]0.0056} 1.46 17.30 | tr

—2]0.0036} 1.66 17.04 | 0.098

—3§0.0062f 1.46 17.12 § 0.084

—410.0074] 1.47 17.04 ] 0.146

—5]0.0088] 1.48 16.99 | 0.188

Ti—B—140.0137} 1.47 17.08 | ir
—2]0.0130}] 1.46 16.86 } 0.089

—3§0.0142§ 1.48 17.21 1 0.139

—410.0115] 1.46 16.95 1 0.190

—5]0.0179) 1.48 16.85 | 0.202

M OBE TR S X O%&M%Z Fig. | iRy, Syt
et 21Ty, ZERGIEEEET X D BREIEREL
0.6mm & L7z. #KEREEE LCUX, 5BEERR, =V
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TRD7z.
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5. 889% ( 7 , 0.7mm)

Vacuum Melting
75kg Ingot

A
Forging, Hot rolling
t=4.0mm

1
Hot band Annealing
800°C X 8hr

|
Cold Rolling
t=1.6mm

(Reduction 60%)

Intermediate Annealing
820°C X 10min.

Cold Rolling
t=0.6mm
(Reduction 63%)

!

Final Annealing
820°C X 10min.

Fig. 1. Processing procedure.

C Mn Cr Ti N

0.008| 1.40 | 17.560| 0.22 | 0.006

SMELTING
LD-RHOB Method

y

BLOOMING

J

HOT ROLLING
Finishing Temp. 790°C
t=5.6mm

Fig. 2. Chemical composition and processing pro-
cedure of the specimen to investigate the
effect of cold-rolling schedule.
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Fig. 3. Effects of Mn on total elongation and 7.
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Fig. 4. Effect of Mn on formability.
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Fig. 5. Effect of Ti on 7 value.
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Domain1

C=0.010%_
Mn~1.6%

(a) Ti=tr

® {111} <211
® 1554} <225>
O {110} <001>

‘Domain 11

(b) Ti=0.098%

Domain 11l

1
(¢) Ti=0.188%

Fig. 14. (200) Textures of 18Cr-Mn stainless steel with various contents of Ti.

RO.

10.

Sy

(a)

Single reduction 82%

(2) Ti(C,N) 2WBT5zLickph, B G N
WL, ¥ MY v I AR THZ LI L B0,
(3) BB TIi2DdDITX5HDY.

LRSS ATV 5. H Mn-18Cr i X 2 AEKRD
WEPOHETH L, A Ti BEmT 5 LEgITr
DBIPZDO TS L, P54 LB)DERMLH LD &7
Enb, (DI EZLNT, FRBREMOBREO T
LT Ll EP D, SREMRTEECMEIhTWEbIT
v oT, (2)bFzie <, (1)oMumrEmon)
Rz X 5N —FH 207V, EEEEHSCI L
ko TiI(C,N) ofrkiEZ2EIET 5 &, Ti(GN)
LROSNBRRHE, Ti 82520303 E, B
%% LRI RELED2TVS. L2 T,
ST T T L, TR SR ENC R
ICHFET IR ENMH L THEST, 72T Tl
MR AKERE, BLARPDELY, PRlOFRI
THHDB R IR REZI L DD LEFE2L R
4. THREDL A LEE (C=0.0036%, Ti=0.098%)
OHHImOKRE ST, FE 0.1 DITTHD, TS
FEENcEE R 525 L3 ELILNS.

RD.

(b)
Double reduction 46~87%

Fig. 15. Recrystallization texture of Cr-Mn stainless steel sheet.

RD.

(c)
Single reduction 93%
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{001} 110> 2524 DT H 55, EFTROBSIC X b+
OEENLEP % . Fig. 15 1213, Fig. | o{b¥Eks 2o
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225y BDB—/n HRricin 5 2 ER R E LTETF LR
%. HIE T2z, & Mofbic Lo T4T 5 {0013(110)
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In s LB 41 3 KE 785 DV, EAHEEs {554}
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{225) ROB—HiETH 50T, hix 189Cr-29
Mo iz DT Davison® HRIEHILTCWD L 25 THh
5. —ERGEEDEE 1, dr BT Ivorx, —[E
WIEOHETES {110} &, EETERCKRS LHmLT
k5 {211} wxs4oThHh, {111} & {200} > ok
FEOB IO 211} BHEL, ETES L oBKRTER
L7zb ok, £hrin Fig. 16, Fig. 17 wiRd. X
BE &2 7s X 9z, {111}/{200} v&7 o534 (Fig. 8) &
KELHERD D, {200 OFER T ZERTI L2 &
CECFELTWE EELLND. 7= 211113 rg %
BOBHZEXHFELE LT, dr /NI THHMERD Y,
L7e52 T, —ERGEEETROSED {211} oiignss
A2 FERICTIHEE L TCHDRTLBDTHA 5.
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Fig. 16. The ratio of pole density (111)/(100)
(Hot coil annealed).
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DHEERR OB, 2R SIMEERS 3 X O ELLET D
THROMBCXH5LDEE 2 LN, HBHECOWTIE,
IERRBESHAE L DG HORER O 5 L T b
5.
44 GEREHOTHR

& Mn-18Cr $0 D BGEMN 2 HaptiE 7% O F £ HUE LT
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Fig. 17. (211) pole density (No hot coil anneal-
ing).

(a)
. Double reduction 46~87% -
Fig. 18. Recrystallization texture of 18Cr-Mrm stainless steel sheet without annealing

after hot-rolling.

(b)
Single reduction™93%
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RSB T B0, Ar AT D, Ei dr BENT
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Fig. 18 |z SWEN RS & O TG SE S e T
. (a)ix 464-87% o =[EEHE, (b)ix 93% o—[q
FEDEETHS. (a)(b)ikic {554}<225) %4 7o
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5. Zhi, BNERZESE LI O, Work AT
Hfk &7 DR LT, BRI ERTIn bl Ha T BAE AL
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B Mn-18Cr $OITHIc R XiET Ti, Mn 0%
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1) Mn 2T HECEETHDE, Mo 8B &bdT
BNBE (<0.1%) BIUEHLDTEWEETHD,
WEOMngE (0.3%~0.5%) % 1.9% 2% chénL
T, MLEOHILIEE D T/HE V.

2) Ti mmE i LEEEPET 5, chixC,
NEickoTiE D, Mn E3BER LAV,

3) @FETEIZELVWHEE, ZEREZ{THR Z0E
—ESEDEE X VT EFRT 5, dr LT 5.

FHC, SETRSS 80% BAOEAIE 4r RE V.

4) TRHEETRICXORED, 2ETERBWTE
FRTS. —F, dr WETFES RS LWEEICRK
700, ETES BRI LB v L, —BY
HEDBENRNETS.

5) BMEMOMEESLICX b r 13D LT B8, dr
B L, MEREHE, —[FIRSIED T o2 TH, DT
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