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Synopsis:

The effect of mill processing variables on the r—value and texture of Ti-stabilized low C,N-17%Cr stain-
less steel has been investigated. The results obtained are as follows;

(1) The r—value in cold rolled and annealed steel sheet is very effectively improved by Ti addition of
0.2-0.3 weight percent but the excessive addition should be avoided because the recrystallization temperature
is shifted to a higher range.

(2) The optimum r—value is obtained by the following conditions: Finishing temperature of hot rolling
is low. Hot rolled sheet is annealed at 900°C, with a rapid heating rate and a cooling rate as fast as air
cooling. Cold reduction is more than 809% and in case of two stage cold rolling and annealing process
the distribution between Ist and 2nd reduction is 409, to 609%. Finally, intermediate of final annealing
temperature is 850°C.

(3) When favorable fine carbo-nitride precipitates are formed in hot rolled sheet before cold rolling
by conforming the above processing conditions, these precipitates seem to develop strong {112}<110> defor-
mation texture in high cold reduction and supress {110}<001> and develop strong {554}{225) component

in the recrystallized texture, resulting in annealed products with very high r—values.
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Table 1. Chemical analyses of vaccum melted stainless steel sheets.

Samples e Si  Ma P S cc | Ti | N
VF-09,Ti 0.004 | 0.03 0.05 | 0.013 0.002 | 16.4 J\ Tr 0.0058
VF-0.29,Ti 0.006 | 0.4 0.41 . 0.019 0.007 | 16.5 . 0.17 0.0037
VF-0.49,Ti 0.006 0.4 0.41 : 0.019 0.607 | 16.5  0.40 0.0038
VF-0.69%Ti 0.006 0.4 0.41  0.019 0.007 16.5 | 0.64 0.0040

Table 2. Chemical analyses of commercial stainless steel sheets.

Materials 1 c si | M | p S Cr Ti N
Ti-LC, N-17¢,Cr ﬂ 0.010 | 0.64 1.32 T 0.021 | 0.005 | 16.65 0.34 0.008
LC,N-179,Cr 0.011 i 0.59 1.32 ' 0.017 | 0.010 J 16.50 Tr 0.008

Finishing temp. Annealing temp. . Final ann.

of hot rolling M of hot rolled sheet w temp. M

780C 3.8mn 900Tx2min 84% 850TCx2min 0.7 n5m
Fig.*1. Standard single cold rolling processing.
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Fig. 2. Standard double cold rolling processing.

22 EBAE
(1) rf& 2 [
422 ke B 10 ¢ BIBRRER A AV, JISI3 4B 20 ]
BT 15% BIRE 7 (EREIE L. o 1ol 1T el |/
(2) TR 38R R A D S
SEAARERTIC (5 3o B ARTETIC T 75 FRAHIRS 7 Pk w1 /
e UT {222}, {211}, (200} % X O° {110} oD 4t 4 ]
BRRER X SRIEHTIET & FI U CillsE L, $E8ko 1675 [tk 12 ,
EOMMBIE L KD BERMELLT, Zr TT 40 87 —os
4 — Ltz MoK, 0k v, EHIE 40KV, §7iif 16mA Ti €

%Fﬁb‘f: HERUENY, BEE F, HUEE ¥ 3 X OVESE
D I A BT R LR I RO O R 2 B L7
1%, HAZWIEE (HPOLH,SO,=3:2 i%ik) Ttk kiFte.

(3) SLaikE

EREFESRIERT F v, {200} Fibbic X b

SROE A FF L OMIESE Y EREF — 7 4 » b EITH 3.1 Ti ZMOEE
B U7, BIESMERABREGNE CH VW L [ U444 (1) ria

ZEEH L, 3Z@HEE Decker-Asp-Harker 3T a =0° ICR-ZHET R THE L7t G, N-179%Cr 25> L 2
~30° %, MAFART Schulz iTa= 30°~90° 2  $#0 r {Hiz kX Ti MRD
THE L2 TR I 8.
S 60~80p DIEE L Ld D, XU, REitikcT KO TiFmMZEY rBRFLLEEBEINRD 2 L hbs
e,i}#mqumwﬁéiﬂ}f@ L&k & L.

B2 5
B2

3. R B E R

z Fig. 3 %R+,

BT EE S SHEEL 17% Cr A7 VA §lizBwTh BEH0 4

5. Ti #5 0.29% BET(@E
— 284 —

Db E L I DD,

Fig. 3. Effect of Ti addition on 7 values of low C,
N-179,Cr stainless steel sheets.
(1 CR standard process)
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Fig. 4. Effect of yTi addition on recrystallization
behavior of low C, N-1724,Cr stainless steels.
(Other variables based on the 1CR standard

processing condition).

recrystallization (%)
(8]
O

Percent
NN

o

B X5 &HR 0.4% LlED @ TIE 850°C T
2min ORI CIIFRRPTEL TRV LG LTY
B BHEMRELE LTV, & Ti fllo 7 @D
IHIEEDLNRSY, HRERESHXELTHWE LR
MITONBNEED bI T Led kb, Liz
MBOT, ERALEMESEAFE LY 7 ([HOMREES 72
ik, Ti & 0.29% BEORMPEE LVWEEZIDN
5. LaLl, 3-2 @i BELERHE2RETT 500
W72 RGREME Ti & 0.34% o3 oxHfeE5
kS VAN LA o

(2) BEHED

ICR-FEUE TRRICHE U CRAMBESIIRE 7210 % 550~900
CETEXATHERBOZE(LZMET LR R% Fig. 4
T

as cold rolied

as onnealed

Ti=0.2 %

zha b, Tifhmc X b FREMIEER BIRAI~BT
L, Ti @A 0.4% DL bCRTFFERETIEE 875°C L
LFiecy, EETED 850°C TREESISELICKT
LisnWZ Ehbrs. BIFL? S0/ SELC S IIET
Ti o s st L, T WEEREEZ LR85
Tir@mELTwb.

(3) AR

AR SIRE % 2 X Tz ICR-FEHE T IR HE Uil
AR % Bl Lo 0w it s X OB S E Sk o {200}
Fi s Q% 850°C iffic 2wt Fig. SicRd. BitdE
Gy TIEOBNTHELTARS L, Tign0.17%
T {H2KUS) FRoEFBEHLNEH, Ti &8
0.49% DTk {112}<110Y HRrofibic {100}<{110) K7
E| % RDJCI10) Gk fLfs520 b, F/o Ti 4k
T Ti s 0.4% LLEDEA & X < P HiEE AL
el n. EREMEAEMERD L, FT—2xANG L
A3 750°C TORFES TR TCLE, {554}<225) FHii%
EHE L, BIFHELT Ti EOFEVELDEE RDY
110y BhekiEfisk % < 3Rfr LT\ 7. 850°C D EEfliT
V¥, Fig. 512/t X iz Ti fshikt o 7465 {554} (225)
MNEDEL D, BIHfLE LT Ti EOFEVLDIT L%
X DA RIS {21103+ 15°ND K RI ok {f
MR RO NS, —7F, Ti &40 850°C gegti¢
VI, EHRIE {5541K225) TH B, FEEITHV {110}
001y DREIFEMEDOLND. DA TERINCKHETT
%7, FRECIFEFTE {001}, {112}, {110} 3 X O} {111}
T D BT 56E O BESTIR RS i X 5 (LR BIE Uiz, T Dk
Rz Fig. 6 iRy, HEsid 5 &, {001} FEod Ti g

Ti=06%

(A : {5541¢225), M : {1111<110), @ : (112)<110y, < ¢ {001}1¢110d, [1: {110}<001D)
Fig. 5. {200} pole figures of cold rolled recrystallized textures of Ti stabilized low C, N-17%

Cr stainless steel sheets.

(Other variables based on the ICR standard processing condition)

— 285 —



846 & r 0

%63 &£ (1977) ;5=

{ino}m Lo s—tezza=a (100}
SEEE A et
Y

N
=w|

{an}

&
o
i~
8
/

. rey

VY
1)
al

Fl

& A

Diffraction intensity (1/1,)

col g et | | ]
22 S | o TN P
40 P y o --":\u\'“*r:'
20 HNorogmazi-| 10 P
600 800 600 800
Temperature (C)

Fig. 6. Effect of Ti on the Diffraction intensity of
the recrystallization texture of low C, N-
1794Cr stainless steel at various isothermal
annealing temperatures. (Other variables
based on the 1CR standard processing
condition, soaking time:2 min)
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Fig. 7. Effect of finishing temperatures of hot rol-
ling on the avarge r value of Ti stabilized
low G, N-179,Cr stainless steel.
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Fig. 9. Effect of annealing temperatures of hot rol-
led sheet on the r values of commercial Ti
stabilized low C, N-179,Cr stainlees steel
sheet. (Other variables based on the 1CR
standard processing condition)
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Fig. 10. Effect of heating rates of hot rolled sheet
annealing on the r values of commercial Ti
stabilized low C, N-179,Cr stainless steel
sheet. (1CR standard processing)
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Fig. 12, Effect of cooling conditions of hot rolled sheet annealing on {200} pole figures of cold
rolled and recrystallized textures of commercial Ti stabilized low C, N-179,Cr stain-
(Other variables based on the 1CR standard processing condition,

lees steel sheet.
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Fig. 14. Effect of cold reduction on the {200} pole figures of cold rolled and recrystallized

textures of commercial Ti stabilized low C,N-179,Cr stainless steel sheet.
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dard processing condition)

3.5 2 BRREDODETESOEE

(1) rfé

Ti #hE G, N-17%Cr 257 2 VA% 2 REE L7
RO r Bk LT THETESOEE Y Fig. 16 R

— 289 —



850 & & % 63 &£ (1977) 5=
. . REFER, ETES I ST reelroe<rae OVET
2.4 Oo ‘J‘ k ‘9%)'
Y7 1 (2) FAER

o
ZO\Q Q i%\\\q )3
1.6 P N/

{ standard)

3/70 40/60 50/50  70/30

Ist/2nd cold reduction

Fig. 16, Effect of the distribution of reduction
between 1st and 2nd stages on the r value
of after the 2nd cold rolling and subsequent
annealing of commercial Ti stabilized low
C,N-17%Cr stainless steel sheet. (Other
variables based on the 2CR standard
processing condition)

.t value

1.2

(C) 50%-50%
( standard)
(A= (554)¢225, W : {lll}(ll(]))

@ (1121105, & - {1101d0015
Fig. 17. Effect of the distribution of reduction be-
tween Ist and 2nd stages on the {200} pole
figures of recrystallized textures of com-
mercial Ti stabilized low C, N-179;, Cr
stainless steel sheet. (Other variables based
on the 2CR standard processing condition,

Ti=0.349)

(d) 70%-30%

LWERE 82% L L, 1EKE2ZEOBEEY 30%-70
%, 40%-60%, 50%-50%, X (X 70%-30% & TFH&L
SEREZIBE, H0%-60% T {HITEE1.82 kD,
70%-30% THRK 1.48 Lins. 2REGEHMO r {EOWH

£ETES O 2 S EHESHRO {200} B 5% Fig.
17 1Ry, ETES 30%-70% TEHPriaisy {554}
{225) KM THBH, BIFFE LTI ITHVH {112}
LI0Y+£15°N.D. FBFELTVDH X SR A5. 490
%-60% Ti¥5aV {554}€225) HFRioERPRDLND
%, 50%-50% Trxe NDIKI #EH Yo F~F
ROFELESEBITAESE, 70%-30% TIiIX h R
Bols K—Fwtkicie 5.

ETES OHEEMB~OEZME BT T57cdiT, 1K
WHER%E 70% & L CHABE L {554}€225) AL nERiE =
FTHIEESEE HFEM & LT, 2B ERCXHEEAM
BROZLRBEE Lic. TOR% Fig. 18 iRy, 2
BIEE 30% TV E ARAN . {554}(225) BRI LT
B0, TREESMTHLEI L i BREMESEREER
5. 50% TiE, {554}<225)+ {111}K110) Ffreish,
BT 5L F— Vo BEGREAMR 745, 80%
Tk, EHRH (1121KU0) wZfb L, ZhaiEshd s
L FUAER s {554}<225) o FiEGESHESE LN D .
LORERE, |RAEOERLEETHELDE, 1S
ERTHREESh > EEGESHEE {112}10) 2E45
R &5 HEEESHESELND X S 2BSIERED
BERSHEERIC X VRGO T {ENE 5N, {112}K110) LA
HNOBEREETE SR HESHERE 5 & 7 ENMET
LT BHDEEZLNE. ThPB2ESEITEITEE
TEAOEHL LT rfEeEbh 3 LBbh 5.

3.6 2 BRECHHEFEHASIUSKEHEEDRE
(1) rf&
2CR-EHETIRICHEL ¢, PRIBSNAE X% Zx T
r{EDE TR LicisR% Fig. 19 iwRd. 7 Exd

FlgEetiE e 850°C Tie@icn v, Th X 9 &l b

T3 5. hREEsERES 950°C Dl EClissaki oMk

{eBaEcEx5.

IR IC RS e IRIE 721 2 & X TRt L7cfE R % Fig.
20 wRT. BREEBEHEEREWEY, T ERmETS
A%, 950°C L) Fclagg St LCERLRMES 4
T5.

4, = =

41 £F5EBICHKIETT Ti FMOEE

(1) BERESHE

Ti #&im & ERIME C,N-17%Cr 257 o L2888
SUS430 DZRIEF 413 X CEsitf o h.LBEA NS

— 9260 —



Ti @k C,N-179Cr 25 v Vv AEHBEHEO v {Hx X LSS 851

as cold rolled

as annealed

(A {554)(225), ME: {111}<110), @ : {112)<110Y, <> : [001}<110%)

Fig. 18. Effect of 2nd stage cold reduction

on the {200} pole fiigures of 2nd stage cold rolled

and recrystallized Ti stabilized low C, N-172,Cr stainless steel sheets in which a strong
{554}<225) type recrystallization texture is developed by lst stage cold rolling and

annealing. (Other variables based

Ti=0.34%)
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Fig. 19. Effect of intermediate annealing tempera-
tures on average r value and grain size a-
fter the 2nd cold rolling and subsequent
annealing of commercial Ti stabilized low
C, N-179,Cr stainless steel sheet. (Other
variables based on the 2CR standard proces-
sing condition)
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Fig.20. Effect of final annealing temperature on
average 7 value of the 2nd cold rolling and
subsequent annealing of commercial Ti
stabilized low C,N-179,Cr stainless steel
sheet. (Other variables based on the 2CR
standard processing condition)
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Fig. 21. Hot rolled and annealed textures of Ti

stabilized low C,N-1794Cr (Ti=0.349),
low C,N-179,Cr and SUS430.(midsection)
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Fig. 22, Effect of cold reduction on the colled and recrystallized textures of Ti stabilized low

C, N-179,Cr stainless steel.
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