1094 B X i 654 (1979) W7 %

ﬂlg

X

UDC 669.14.018.8 : 669.15'26'296~194.57 : 621.98.011 : 621.791.011

2 7r 7294 hAT L AMMOREHL X OB

HhIME - HlE BE - S RO
BB - BRL e — R

Formability and Weldability of Zircomium Bearing Ferritic Stainless
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Michio TARAGI, and Shunichiro AKIYAMA

Synopsis:

The effect of zirconium alloying on the formability and the wedability of 17% chromium steels has
been investigated by means of various tests. ’

Alloying of zirconium whose content exceeds the value equivalent to the total amount of carbon and
nitrogen (Zr==7.4x (C+N)) is found effective to improve the characteristics of the formability and
the weldability of the steels. However, in the case of so much carbon and nitrogen contents, both
the formability and the weldability of the steels containing zirconium are not improved, because of the
precipitation of a large amount of zirconium carbides, zirconium nitrides or chromium carbides.

When the Zr/(C+N) ratio in the steels is too large, both the formability and the weldabilty are
not excellent, because of the precipitation of a large amount of metallic compounds consisting of main—
ly iron and zirconium. The formability of the steels containing less than 0.01% (C+N) is not im-

proved by alloying of zirconium, except of the bore expanding property.
The range of optimum zirconium (Zr=10X (C+N)), carbon and nitrogen contents in the 179 ch-

romium steels is found.
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Table 1. Chemical composition of alloys used for

experiments(%).
. Zr/(C
Alloy| © | si | Mn [ Cr { ze | NS
1 |0.004 0.56 | 0.53 | 18.88 — [o0.003 0
2 | 0.004 0.59 | 0.53 | 18.72 0.14 | 0.008 9.33
3 10.002 0.56 | 0.53 | 18.71| 0.13 | 0.003 26.00
4 | 0.005 0.55 | 0.53 | 18.89| 0.32 | 0.003 40.00
5 | 0.005 0.54 | 0.51 | 18.51 0.91 | 0.003/113.75
6 |0.010 0.56 | 0.5¢ | 18.61 — | 0.005 0
7 | 0.009 0.61 | 0.54 | 18.64, 0.13 | 0.004 10.00
8 |0.011)0.56 | 0.5¢ | 18.82) 0.29 | 0.004| 19.33
9 | 0.006 0.55 | 0.53 | 18.62 0.49 | 0.003| 5444
10 | 0.011] 0.57 | 0.53 | 18.75 0.90 | 0.004| 60.00
11 1 0.011 0.46 | 0.49 | 16.71 — [o0.014] 0
12 1 0.012/ 0.47 | 0.49 | 17.43 — |o0.019] 0
13 | 0.014 0.47 | 0.49 | 17.06| 0.10 | 0.089 0.97
14 | 0.007| 0.50 | 0.49 | 17.41| 0.12 | 0.069] 1.58
15 | 0.016{ 0.49 | 0.51 | 17.39 0.08 | 0.020 2 22
16 | 0.016 0.49 | 0.46 | 17.01] 0.10 | 0.018 2.94
17 | 0.013) 0.48 | 0.48 | 16.58 0.33 | 0.045 5.69
18 | 0.013 0.47 | 0.45 | 16.81/ 0.21 | 0.016| 7.24
19 | 0.011] 0.49 | 0.46 | 17.07 0.32 | 0.011] 14.55
20 | 0.010 0.48 | 0.45 | 16.38| 0.54 | 0.012] 24.55
21 |0.029 0.56 | 0.52 | 16.000 — |0.028 o
22 10.025 0.47 | 0.48 | 16.80| — | 0.106 0
23 | 0.028/ 0.53 | 0.49 | 17.52] 0.14 | 0.041] 2.03
24 (0.038 0.46 | 0.47 | 17.22/ 0.17 | 0.023 2.79
25 | 0.022 0.52 | 0.47 | 16.74| 0.18 | 0.038 3.00
26 | 0.033( 0.51 | 0.47 | 16.17| 0.24 | 0.027 4.00
27 | 0.035 0.68 | 0.50 | 17.50 0.18 | 0.007 4.29
28 | 0.027] 0.51 | 0.49 | 17.49 0.21 | 0.018 4.67
29 | 0.032 0.49 | 0.50 | 16.23 0.28 | 0.020 5.38
30 | 0.031| 0.54 | 0.51 | 16.40| 0.39 | 0.017| 8.13
31 {0.033 0.69 | 0.52 | 18.00 0.37 | 0.008 9.02
32 | 0.037| 0.67 | 0.49 | 17.48| 0.58 | 0.008 12.89
33 | 0.031] 0.54 | 0.50 | 16.96| 0.57 | 0.013 12.95
34 | 0.030 0.54 | 0.52 | 16.28] 0.62 | 0.016| 13.48
35 | 0.031| 0.60 | 0.57 | 17.99] 0.59 | 0.007 15.53
36 | 0.029 0.98 | 0.55 | 18.17| 0.67 | 0.006 19.14
37 |0.033 0.47 | 0.48 | 16.15 0.96 | 0.008 23.41
38 | 0.047/0.48 | 0.48 | 16.97] — [ 0.068 o
39 0.052 0.48 | 0.44 | 16.85 — |0.106 0
40 | 0.043) 0.50 | 0.48 | 17.49] 0.08 | 0.076| 0.67
41 |0.053 0.45 | 0.42 | 16.99| 0.07 | 0.046| 0.71
42 |0.046 0.51 | 0.50 | 17.13) 0.31 | 0.015 5.08
43 | 0.051/ 0.47 | 0.47 | 16.89] 0.33 | 0.012] 5.94
44 | 0.049) 0.55 | 0.50 | 17.05 0.36 | 0.012] 5.90
45 | 0.056 0.48 | 0.45 | 16.63) 0.53 | 0.010| 8.03
46 | 0.047/ 0.53 | 0.51 | 16.77 0.50 | 0.011 8.62
47 | 0.050, 0.51 | 0.47 | 16.76, 0.62 | 0.008| 10.63
48 |0.043 0.51 | 0.47 | 16.61) 0.73 | 0.014| 12.81
49 | 0.07 | 1.01 ] 0.51 [17.50[0.46 0.017 5.29
SUS
3| 0-06 [ 0.47 | 0.57 | 16.16) — [o0.021] 0

Lic. o 830°Cx 15min A.C. ot BEstA 7 7¢
VAT = REBEDOICDHD O LicEiR A A ERRI
it L.
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MM CGRER Lz, o4 3.2 iU 4.5mm

Table 2. Chemical composition of weld tubes
tested (9%).

. Zr/(C
Alloy | C Si | Mn | Cr Zr N N

51 | 0.020 0.56 | 0.50 | 16.64/ 0.11 | 0.030| 2.20
52 1 0.028 0.59 | 0.51 | 17.02| 0.14 | 0.025] 2.64
53 | 0.013/ 0.17 | 0.54 |-17.02/ 0.18 | 0.014| 6.67
54 | 0.016/ 0.82 | 0.63 | 17.99 0.30 | 0.018| 8.82
55 1 0.020{ 0.50 | 0.50 | 16.44| 0.28 | 0.011 9.03
56 | 0.017, 0.53 | 0.49 | 16.65 0.23 | 0.008! 9.20
57 1 0.015/ 0.46 | 0.48 | 16.23/ 0.56 | 0.008| 9.48
538 | 0.017/ 0.48 | 0.51 | 16.29 0.31 | 0.008 12.40
59 1 0.023| 0.56 | 0.64 | 16.98 0.47 | 0.012| 13.43
60 [ 0.014/ 0.87 | 0.65 | 18.30/ 0.39 | 0.015| 13.45
61 | 0.018 0.41 | 0.51 | 16.58/ 0.38 | 0.010| 13.57
62 | 0.022) 0.43 | 0.31 | 16.71] 0.48 | 0.010| 15.09
63 | 0.031) 0.60 | 0.57 | 17.99 0.59 | 0.008| 15.13
64 | 0.023| 0.48 | 0.51 | 16.66| 0.47 | 0.009| 15.16
65 | 0.027) 0.39 | 0.49 | 16.33] 0.55 | 0.009| 15.28
66 | 0.032) 0.41 | 0.44 | 16.21] 0.60 | 0.007| 15.38
67 | 0.018 0.50 | 0.50 | 16.75/ 0.43 | 0.010] 16.79
68 1 0.015 0.50 | 0.48 | 16.44] 0.43 | 0.010| 17.20
69 | 0.016/ 0.47 | 0.50 | 16.48| 0.45 | 0.010| 17.31
70 1 0.005/ 0.53 | 0.50 | 16.85/ 0.21 | 0.005/ 21.00
71 | 0.005 0.52 | 0.50 | 16.95 0.22 | 0.005| 22.00
72 1 0.018 0.54 | 0.50 | 16.78 0.49 | 0.004| 22.27
73 1 0.017, 0.49 | 0.49 | 16.57; 0.72 | 0.010| 26.67
74 | 0.017) 0.50 | 0.49 | 16.49) 0.70 | 0.009| 26.92

Table 3. Formability test.

Test Index Condition
Tensile test Elongation To rolling
r-value direction
Erichsen test Forming height
Conical cup test | Conical cup Blank dia.
value (CCV) 76 mm ¢
. . .. | Punch dia.
Bore expanding | Expanding limit 40 mm ¢
test. (2%) Bore dia. 10mm
(Punched bore)

BB AT

2-2 miEtERER

B O & T o7 3Bkk% Table 3 w4
ZD5LIER Y EOBHIE 2 =L h , FTREE H
B3, AUTBEE IR D — IR LA R OO Fo RS
YEHET L TF~ 2@ oIV x40
Bl RBZ OB TR VFHETOEN LEHC L 5
MEOPFRRI D Apcsigl, FoBREYA~ED
SEFEICT CTHIE L. TihbbANER CENEE
THDH, BEEDI—RELEL L TARS I UBEY &K
EL, DBEIOCELZREKL L.

wi L= 7w VBRI X oeh, BETvs v
DL D IABD BB DT, RO EDEEER L LI E
~ =0 72 VEARDTRVCEELHE L. LasL
MR OBELIFEREOERIZ R LICOTHE TR E X »

— 373 —



1096 # & W

%65 &

(1979) 7 %

7.

T DB L A TER OBIR B B\ ik 7 B L RS R K
AHEMOBR b T is o,
2-3 BEMRR

M OBEE & LTSGR BNE O N ERORED
RHER-G, 7 OYIE D fd ko i IEE L R~ &
FoFEHR B TR L LA R o RSE 2 T EE
E S EECRE L 70 b O TR, ¥ TEERO
BT IER SRR, TIG B X h dnEx v TRaE
WL, BEEE CHMOEE 21, 180° ff C&iT
T OEMT ROk,

iy Table 2 OBIBWEEI & FV THME 33.8
~48.6mm @ TIG BFEERERL, HF7—F=» 7%
LOMEE (FE) RBR X v BEERoEeHE L.

FOMEEIRED 3 7 w45, EPMA X585
Tk, XS XBEIC X ) B S L OB 0N
MDFEE & —HOMc O\ TRk, NMEY O HE
13, FRMER E R ERS O LR IR D, YL 2 BREW
CHMR L, BEAEONE LY, FHT A A
e LT XEEETI X [T,

3. xR B @ R

Cr $0~0 Zr HhNC X 3RS X OB EEDOWR
ey, FARt Zr X Ao Gk LN OEE
CRET S ENREWEEZ BR BT, ZOFK
CZr L (C+N) D5 vA LS BE DR B
Lis. K (C+N) w3 Zr kLTl X
ONPEROEB R R L, HhomEORTFEOE LD
W EBERA L.

1.0

I 1
0 385EL<40
4% ® 362EL<38

2345E1<36
M 4325 E1<34
./qa
0.4 F340) '!r /
“.'.'. oe
e !
i /]
o

0.8 }

8%

Zr (%)
e
N
%___.I

34%]
‘A A

Y T

2
812 0.4

0.02 004 0.06 008 0.0

C+N (%)

Fig. 1. Relation between the elongation and the

chemical composition of steels.
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Table 4. Typical results of the tensile tests in the rolling direction.

Material Tensile Test (JIS No. 5 Spec.) Formability Test
Y.P.| T.S. | EL. |[R W.| n |B.E.L.| CCV | Er
C+N | Zr/G+N kg/mm? | kg /mm? % % Value | Value % mm mm
1
A | 0.025 — 30.9 42.1 37.0 25.0 1.20 0.228 | 62.5 46.6 10.7
B | 0.034 2.94 27.0 40.2 38.5 27.2 1.34 0.235 | 68.4 46.1 11.0
c | 0.029 8.24 24.1 39.8 40.0 29.8 1.48 0.250 | 79.1 45.8 11.3
D | 0.024 12.55 25.1 42.8 38.0 28.4 1.45 0.246 | 74.5 45.8 11.0
E | 0.025 24.55 26.6 44.3 34.5 25.2 1.46 0.226 | 45.8 46.6 10.4
F | 0.015 — 25.8 37.9 33.0 18.4 0.76 0.218 | 54.7 47.8 10.3
G | 0.013 10.00 28.7 42.7 38.5 29.4 1.47 0.233 | 85.3 45.7 10.8
H | 0.015 19.33 30.4 47.7 36.0 26.0 1.38 0.226 | 75.0 46.6 10.5
1 0.011 54.44 29.9 47.6 33.0 22.5 1.36 0.217 | 60.1 47.1 10.0
J | 0.074 — 28.6 46.1 34.5 24.8 1.28 0.208 | 60.2 46.7 10.7
K | 0.063 5.24 23.3 42.0 37.5 25.5 1.26 0.233 | 58.5 46.5 | 11.4
L | 0.057 9.30 23.8 42.4 38.0 27.6 1.48 0.240 | 61.8 46.1 1.2
M | 0.057 15.81 24.6 42.9 37.0 26.8 1.58 0.229 | 36.2 47.1 10.2

]

. W. : Reduction of Width
. E. L. : Bore Expanding Limit

=]
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welded by TIG method.
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Photo. 2. Microstructseur of the welded joint of
1794,Cr steel containing optimum Zr,
C and N contents.
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Table 5. Precipitates identified by the X-ray di-
ffraction method for the base metals and
the weld metals of 179,Cr steels conta-
ining.

[ C T N [Zr [zdcN] ZiC | ZrN [FesZr [FeaZr [MesCs | MoC
50060l0021] ~ | 0 / ss| s
#005000008(062 (1063 S |ww | S
g'omso.o:o 0381357/mw| m | S
1002200010]048 15,08 mw | SS
0033]0027]0.24 | 4.00
0032/0020{0.28 | 5.38
0056/0010{053 | 803
0031(0017(0.39 | 8.13
0030/0016{0.62 |1348
0018/0010{0.38 13,57
0011[0011{0.32 |14.55
0033(0008/0.96 {2341
0010{0012{054 {2455
0006(0003[049 |5444
001110004[0.90 |6000
0005/0003]0.91 1375

3:2.2 TIG #EE O TIAEEE

Table 2 OHISHFEEMZ H L, WE 3.2~4.5 mm, 7k
£ 33.8~48.6mm rZ L LB RS E UTHEEEY
PRV, 2T TIG BEERERNE, »5-F=v 2K
L0 BEROBBREN OB EE W AIDY, Zr HRRICE
Fhowd 4B EhORENED bhvic. £ OBE
BOF EFORECES E TOMERAREZ Tk, Eih
BEZMIEDNT, IF—F = 7ORBRLED, Zr &
(C+N)&E & oBfR% Fig. 9 wiRd. BE# o (C+N)
B2 0.02~0.05% D#EFIcE biv %, (C+N)
BOENES ORI, KO L5 IcERBE T
5. Zr &5 (C+N) Bt LTEBEE S LR T
#HharEo . BEe LoTEREAh OB b AaT
5. —FH(C+N) Brcb LT Zr B 7cald ECh R
rEhvRs 3. o ORREFEROSE & B
e Y T OWTHIM & oBIRSSR & & BT, AT
%R OEEEEE s BRI 22 1 T 2 2w o LElE
Photo. 2 iz~ 3. HAZ Hofsikinik & < s @Emn
Do DD, WThORDS 7 =54 rEMNLLRD
E# TR,

3.2.3 ¥ oFE

Zr & Lo o XEREHh X b F
B LEREO— % Table 5 wRd. M ORI BEE
I ke LT I, Zr 2 Lig\ SUS 430 $iC
1z MpsCs B8 L0 M,C L BEEICERD b b . Zr L
U EL AT B E ZrC, ZeN piSNc FeZr Bl
BRI EECED bR, Sh bR T
R, BRCERE B LTEREDbND. —TEE
WOBEIL(C+N) HHWECE IONOE4 DEIC
LrsroTHTLL Zr/(C+N) AT CThiio®E%

wn

metal
3
33guw3sug

g £23wsg3wv
<
fedvs
w3333

Weld

o N Zr
Q011 _ 001 054
Cr {(Bead))

MNWWWWWWMW
AN
AL s st

C N _zr-
0.010 0-012 054
Cr grainboundary

Intensity

Fe

Intensity

Distance (u)

(2)

Fig. 10. EPMA analysis of welded joints of 17
9,Cr steels containing Zr.

WAz LxoEiows, ke, Zr/(C+N)=10
B2 B ET ZrC B L0 ZtN oAxCHBEILEY
EXBEIFTCTRBIRSE LTV, LhLE
hE b Ze/(C+N) sk &< 75 & FeZr Bk L
Fe,Zr Hlo&BEILAWHRD bR S, &<k Zr/ (G
+N) HpikE L fenreohT FeZr H&EHILEY
N BDHERDE. ChbEBRILEMIBER L
QIRACE ST LT3 00@D b s . ZrN LR
ANEEE (] 1700°C) T RECHET HD, Zr/
(CHN)AMEL T Zr BB IO N B RADTAER
xh, Lo T ZrC Ly ZrN ofint Zr/(C+N)
HoEWEEGCEZCRED bRE.  Licd>T Zr/(C
+N) oEWESCICEEE TS OCBER Zr &
DA T 5 D XZEEP R X h Tt

S¥wr Fe-Zr o&BRLEWOEEILRE HAZ
BT~ 0EKE L EPMA L b #iX%k. oD
fFEF % Fig. 10 2R3, BT Zr EEEOR VIO
BHBOR AR Lich, HAZ ¥k JOBEERE bz
SFREOHESNRD LT\ 5b., BEROHARRT
%D, Fe, Cr, X Zr Lo Si D@tk d
b, Lo FeZr 7o Lit Fe,Zr BIG)E
L&t Fe,Zr LIt Cr, Si ied d&ters L0
b & ot

4. = =

Zr g7 Lic 17%Cr SROBIUNE, S L ONE
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1.0

Good Formabili-
ty Region
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AN
N\ sufficiently

Smail

Coarsening

0.2

\\—_—/

/

0
0 0.02 0.04 0.06 0.08 0.10 0.12
C+N (%)

Fig. 11. Range of Zr and (CG+N) contents optimum
for the good formability of the steel.

Table 6. Typical characteristics of ferritic stainless
steels containing and not containing Zr
(Thickness 1.2 mm).

Formability Steel containing| Steel not contain-
index optimum Zr ing Zr
Elongation Min. 38 about 34-35
(in R.D.) (%)
r-value(in R.D.) Min. 1.3 about 1.1-1.3
CcCv Max. 46.5 | about 47-48
Erichsen value Min. 10.5 about 9.5-10
Bore expanding Min. 60 about 40-50
limit (25)

P oW TREED X 5 Ik R R B, FTHMME S &
OB B 5 B IE D Ts & O A 7EY D B8z o
TEETS.
41 MEMALCHEDL Zr 3K (C+N) DEH

2
BRI DT R &+ &M LT, 3IERR
DHFB LN, 735 votkl L OLERED 4
P2 E L MERSTH D, B LR X O%ERY
IO D5\ X 7 {HEHBIN D D 2 EHRER T,
F o BRIC D W 2 B O TR UCRIEEI o,
ERINHEHEIHARC Lo THRER LM, M
H2s DX TE BB CHERCHIGTE, 7588
DT EREE L., b b Ao rHBE S
xR, RANCTIRTWEZ EPBETHS. L
PO TR SR ORERYZEE L CHEYKRD X 5
R L, ®E Ui

i) fhor:38% Lk (LAH)

i) r{H:1.3 LIk (LM

i) 75 oMk RIETFR 60% L E

w) BELOLILRhDR W &
LEROFHBTT TR LEEREYEREHEL L ON
Fig. 11 TH%. fHREHE LB ROBERS KM R

4
07 ' Zr(CeN)=10 7
7/

4
4

001 002 003 004 005 006 007
C+N (0/0)

Fig. 12. The range of Zr, C,and N contents opti-
mum for the weldability.

THHT, bOELIRELTCREFRMEYET SRS
B THD. ZOFE» LERMCIL Zr/(C+N) M
(C+N) B EFENCOEBRYRELCB LRS-
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THEERBRLRD S 2 E2RT. 20 oW Tingh
T5.
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Wi ENRED LR B.

42 BFEMALICETZ Zr XU (C+N) OSF
B

BRI & AR Ze 3 X O (CH+N) D~ D#EIE
HAHEEERD IO Fig. 12 ChH 3. RELHE L
BILBBEOE E CHolIFmITHYE L, ¥ oBEY
DEERFI UL 0L b RIFRFERCHS. = D
Bk Fig. 11 OO BIF B Y KL G S 0T
H%. BECHBE L CTC+N) EoEVHERDL S84,
O WCEHEBAEIBR SRR E o TV B, T DX
CEECOWTS Zr L (C+N) BEE2 XD TH
BIV S %. DT LIXEHOBE LR O
Bl LB EBERBEFRLD Y, LnbBEOBERI
ER B E DBAFRSE DB ER LT A,

ek Zr B L (C+N) OFRBEIROM OB,
Zr BEH LSV HE LCromgEnZE LS mET
HT LD 15 ThHD.

43 HBHIUTHY

HRM OBRKBIE S 830°C,A.C. T D>TW 5%
o, HEBIVCTRhL 754 VEETHEDE, Thi
DERIeB & Zr BRIO(C+N) Bic I2oTCik—H
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