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Effect of Al Addition on Mechanical Properties of 17%Cr Stainless Steel

Tadashi SAWATANI, Shigeru MINAMINO, and Minori YAMAGUGHI

Synopsis:

17% Cr stainless steel containing Al has better deep drawability than SUS430 does. The followings

have been found in this investigation.

(1) The mechanical properties and formability of 179, Cr stainless steel are effectively improved by the
addition of Al more than 6 times N content and less than 0.19%, in weight.

(2) The increase of Al/N ratio improves the r value in cold rolled and annealed steel sheet.

(3) Results of texture examination show that the increase of Al/N ratio does not change the cold rolled
texture but intensifies {111} and {112} and surpresses {110} and slightly {001} components in recrystallized

texture.

(4) The poor bending workability after cold rolling due to Al addition originates mainly in the pre-
cipitated AIN. To improve the bendability, the following conditions are especially required
(%Al as AIN)+0.3 % (%C)<0.04 and N=<0.01%.
On the basis of these results, the 179, Cr stainless steel containing Al which has superior deep drawability
and good bending workability after cold rolling has been successfully manufactured.
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Table 1. Chemical analyses of typical materials.

(wt %)

Samplel ¢~ lgi |mn| P S |Ni|Cr | A1 | N JALYN

1 0060 053 |0.52]| 0015|0010|018[16.65]|0.003] 00089] 034 ] Vacuum
_ mel ted

2 0.062( 053 {0.55]| 0015 |0011|018[16.60| 0026 0.0088| 295

3 0062)| 057 |10.52 (0016 [0.010|0.18(16.65|0056|0.0086| 651

4 0059 0.54 }10.45 | 0015 {0009 /017|1659|0.103|0.0088 [11.70

5 0058| 0.58 | 0.48 | 0016 |0010{017|1659|0135]0.0088 [15.34

6 0057| 0.58 [0.48 | 0015 |0009|017|16.59{0.175{0.0084 (20.83

7 006 | 05210430021 [0006[{015|1653]0.068}0.0092| 7.39| Commercially
produced

8 006 | 0.49]046|0026 (0006]013]|16.65[0.004{0.0095| 0.42

9 006 [048(0.39)|0022(0006(010]|1651|0054]0.0096{ 563

i0 006 | 050 (0370021 |0005(0.08/1648{0.004(0.0101| 0.40

11 006 | 0.53 038 0022|0005(0.08(16.53|0.030{0.0104| 2.88

12 006 | 051(038|0021}0005|0.09{1652({0.071|0.0103| 6.89

13 006 | 0.49|0.42|0027|0006(0.06(16.64|0056|0.0067| 8.36

14 0.034| 0.55|0.50]| 0018|0009{0.14|1654{0.103]{0.0070(14.71| Vacuum
mel ted

15 0.030] 0.511050|0018|0010{0.19}16.49[0.003{ 0.0090! 0.33

16 0.07 | 053|044 0024|0006)0.07/16.49]|0.065/0.0177| 367| Commercially
produced

17 0.07 | 050(047|0020|0005(0.11|16.62(0080(0.0134| 597

18 0.07 | 0571040 0028(0006] 0.08| 16.55|0.070|0.0080| 875

19 006 | 052|045/ 0023|0006} 0.12] 16 58] 0053|0.0091| 582
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Fig. 3. Blank size.

Table 2. Dimensions of punch and die.

blank | rpe | rp| rde {rd| punch die material

160mm| 15 { 9|16.5| 5| 80x%80 83x83 SKD-6

540pmm| 65 |20 {66.5| 7|250%250|253%x253| SCM3

-

Tpc; punch cormer rad. rp; punch sholder rad.

rqc; die corner rad. rq;die sholder rad.
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Fig. 4. Effect of Al/N ratio on the tensile properties of Al added 179Cr stainless steel.
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Fig. 5. Effect of nitrogen content on the yield
point of Al added 179Cr stainless steel.
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Fig. 6. Effect of AI/N ratio on the r value, Eri-
chsen, and conical cup values of Al added
17%Cr stainless steel. (Sample No. 1~6)
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Fig. 7. Effect of Al addition on the deep drawing
depth of 1724Cr stainless steel.
(Sample No. 7, 8) [Blank size, x: cf. Fig.
3]

A {5541¢225), W{111}<110), @ : {112)<110)
&2 {001} {110}, [J: {110}{001}

Fig. 8. (200) pole figure of Al added 172%Cr hot
rolled sheet. (Sample No. 9)
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Fig. 9. Inverse pole figures of Al added 179,Cr hot rolled sheet. (Sample No. 9)

a) as cold rolled

b) as annedled

A: (554)¢225), M : {1113<110), @ : {112)<110)
O ¢ {001)KH0), []: (110}<001)

Fig. 10. (200) pole figures of the intermediate
cold rolled and annealed sheet of Al
added 1794Cr stainless steel.

(Sample No. 9)
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238
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Fig. 11. Inverse pole figures of the intermediate
cold rolled and annealed sheet of Al
added 17%Cr stainless steel.  (middle
layer) (Sample No. 9)
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Fig. 12. (200) pole figures of the finally cold rolled

and annealed sheet of Al added 179,Cr
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Fig. 13. Inverse pole figures of the finally cold
rolled and annealed sheet of Al added
1794, Cr stainless steel. (middle layer)
(Sample No. 9)
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Fig. 14, Relations between Al/N ratio and pole
density of the finally cold rolled and
annealed sheets of Al added 179,Cr
stainless steel. (Sample No. 10,11, 12)
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Fig. 15.
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Photo. 1. Optical microstructure of hot rolled sheet of 17%Cr and Al added 1724,Cr
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Effect of C content on the bending work-
ability after 309 cold rolling of Al
added 179, Cr stainless steel.

Fig. 16.
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Fig. 17. Effect of Al content on the bending work-
ability after 309, cold rolling of Al added
1794,Cr stainless steel.
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Fig. 18. Effect of N content on the bending work-

ability after 309, cold rolling of Al added
1794 Cr stainless steel.
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Effect of Al4+ C+N content on the bend-
ing workability after 309, cold rolling of
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Photo. 2 Optlcal mlcrograph of the fractured part
in the bend specimen of Al added 1724,Cr
stainless steel after 309 cold rolling.
(Sample No. 16)
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(a) Electron micrograph of AIN
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Photo 3. Electron scanning mlcrograph of the frac~
ture surface in the bend specimen of Al
added 179,Cr stainless steel after 302
cold rolling. (Sample No. 16)
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(b) Selected area electron
diffraction pattern from
a precipitate (a) and its
interpretation

Photo. 4. Electron micrograph of the precipitate in final-annealed sheet of Al added

1794 Cr stainless steel.

(Sample No. 16)
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5%%, GLADMAN 503, WWHOTH ¢ S KEHE 248
HTokfisEom i Lol

er=1/(const.4 T f;) creereereereneniniieien, (5)
7w HREBREROD TS, Al i X amTiirtos
fevd, AIN HrHlictE 5% 2 R FodBsEDEmE
Eibhs.

Al 7hn 17% Cr 25> LAROIMTEFE 2 1
Dicditi, (4)iE>THH AIN &40 LT
RHIENFEITHS. Fig. 22 ZhRT XS5 ICHEIRE
EEHDL T L ED, AINEXRAD UnThiFirrtkE
XN5Z EHbHrD (Sample No. 17). 1000°C ThHpL
BFEEREL L TR, ZRARBS LTV T 44
FOFEAEEHIET B EEEOBEI Y bEEBEINL T E
b, 2T HA NOBELEEILNRD.

C (0.006~0.0939), Si(0.01~1.512;), Al(0.004~
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v, —ERIEAEESaRE L 830°C X D ED THRSI
EEZAREL L, HWE{HENEZKE L ELXE, WEiHo s
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Fig. 22, Effect of final annealing temperature on
the precipitated AIN and bending work-
ability of Al added] 1795Cr stainless steel
after 30% cold rolling.

(Sample No. 17)
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Fig. 23. Relation between bending workability
after 309, cold rolling and elongation
of Al added 179, Cr stainless steel.
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Fig. 24. Effect of cold rolling reduction on the
elongation and bending workability of
Al added 179,Cr stainless steel.
(Sample No. 18)

— 209 —



770 & r & $ 63 g (1977) m5E

I FAE DI LT 528, BEECOETI » bLEh
T 20% Th¥Hrizgiel T 30% o5 0% TEET
et s, ZhIBEHHRUS 0% WELLOL, W
BolEmzoh ThTiFEr St 5 ER/BRERL
TW5 EHEESNS. ZhixfHoibbh o void @
FELEIZTIVTHAS.

1. RBREVOME

41 FL&HIC

BFOLIHEERMEBVWCTERSEMIC Al v 17%
Cr 257 VAHOMHEMEEZRITL 2FER, TLRK
it EnmTah I d BiFic ko8B L LT, MIeh
TR KEKEET5C, NI Al 5%, ROEE
RRTBH LS ar bo—AThiEX vz ERBELM»
s ot

(1) (%Alas AIN) 4+0.3x% (%C) <0.04

° Al=I17Cr
‘;Es : sus430 { € =005~ 006%
Al=0016~0053%
€ E 36 T N=00080~00105%
S S 34 = i
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Fig. 25. Effect of Al/N ratio on theTyield point
of Al added 179,Cr stainless steel
commercially produced.
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Fig. 26. Average r and conical cup values of SUS
430 and Al added 179,Cr stainless steel
commercially produced.
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oz ERMEE LTORERXZE LT, SPRSED
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REREOEILEZ X T 51-HC=20.04%, ~5, To~—
F— i EORMRBBOEEDNIR DI EDT Al=0.04%
OFRSEEICRET S ENEE L. UTF, 2hbHo
SRS THBUBEHBRERTVWIBE LA RIzowT
T L DdTHL.
4-2 5|84

RBEHE L AL N 17% Cr 27 v 2§ (C=
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Fig. 27. Rectangular deep drawing depth of SUS
430 and Al added 179,Cr stainless steel
commercially produced. (Sample No. 19)
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Fig. 28. Ranking of bending workability after 30

% cold rolling of SUS 430 and Al added
179,Cr stainless steels commercially pro-
duced.
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Table 3. Mechanical properties of SUS 430 and Al added 179,Cr stainless steels

commercially produced.

LR R% Fig. 25 RT3, Al iihnc X K54
AL BOOLND. TE LT EBREAILT S 7201,
Al/N B 6LALERBEELVTHSS.
43 rELPaz=hirny FE

k> Al F5hn 17%Cr 257 o L REROBT AlED
BV (A1=0.054~0.063%) o r ks L =Hu
oy PEEGERD SUS430 & td LT Fig. 26 iomt
3, Al RISV TR A EN TV B Z E2%hnb.
144 T IAWBWEM

Al ¥shn 17%Cr 257 o L 288 (Sample No. 19 7
VAR A SUS430 L He#r LT 250 mm M Dt
BCiRET Lo R%E Fig. 27 tit. thrZPhoflGo
MHEFE% Table 3 wR¥25, MEAEXEZEELTD
DEDLEELWULDLMAENEZRG LR Al Rt
vk 33t, SUS430 i3 35t H{@AL:. Zhnr s AlR
ItF D 7 v A RSB T WS Z Ehibh 5.
4-5 IIARFH

HERE U ALTHN 17%Cr 25 2 L 248 (C=0.05
~0.06%, Al=0.049~0.060%, N=0.0083~0.01352;)
DOMT g% SUS430 & Hed#LC Fig. 28 iR+
Zhd» L5 E0ORBEFMINEDLRLE VL0 LEF
nTkD, 2OMIHITFHET SUS430 iz R TRoRE
WZ EMbrD. UL, mifOREEROESRICX D
NEOERIIFAETH W HERBEESh T3 Al iR
I 17%Cr 27 v 2o TiFiikEIh SUS
430 LFA%ETH 5.

5. % & 0B

(1) Al #hn 179%Cr 25> L288E Al/N=6 %
LT AI=0.1% 12 X v, BRABEL, B, riE,
Vsl T=HNH s SR L CEED HHTE
Xh3b.

Yield point Tensile Elongatjon r value GraAm Vickers [Ridging|Erichsen| CCV|Earring
strength size value
(kg/arf) (kg/nef ) (%) L |as° T lastvm hardness| ranking| (am) (aa)| (%)
Al —17Cr 30.7 50.2 323 1.27{097}/201|131( 85 156 A 101 ;284 93
SUS430 35.0 51.5 285 1.18|0.70{220| 120 9.0 160 A~B 9.3 28.7 85
(t=0.7on)

(2) riEotwECEE L TESERMIRTZT 2
R, Al/N oIS EE ST E L v as,
B RMEAMHBO {111} XU {112} KAz BEhn L {110}
BL {00} HRER A SR D Z L asbao7e. Al
XD ELK ris° DPEEFCHEINEDII{1I2}HAD
HEINCHBEINhLTHASS.

3 % (== PEE =N T N RN
(3) mTdhrvogiboRFRIT L7

HY, MIBTFELIET S0

(%Al as AIN) +0.3x (96C) <0.04 3} X 8

(9% N)=0.012,
ETBZLick D SUS430 RSO L RALFECHEX
nas.

(4) ThoofRCESWTRIBILERABZITV,
7L A RSB TN T O BIF Al iHn179%Cr
A7 VAROBIGRE&HRTESL L, SUS430 (17%
Cr i) ofSHEHEETo-.
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