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Hot-Twist Ductility of High Cr-Ni Austenitic Steels.

(Study on high Cr-Ni austenitic steels—I)

Synopsis:

Fujio TsukamMoTo and Takashi Suzuki

The ‘“‘hot-twist ductility’’ of highly alloyed austenitic steels such as AISI type 309, 310
and 330 was studied. Effects of alloying elements, melting practices, and grain size of these
steels on the ‘‘hot-twist value’ at testing temperatures ranging from 1,000 to 1,300°C were
mainly investigated by torsion testing at a rate of 200 rpm.

Fully austenitic specimens showed twist value curves of a convex type at testing tempera-
tures, while two-phase specimens had much lower twist values than the former, nearly con-

stant through all testing temperatures.

With the former specimens, a transcrystalline

. fracture was observed at temperatures lower than that showing maximum twist value, while
an intercrystalline fracture was shown at temperatures higher than that.

In the case of type 310 steel, the higher the carbon content of specimen, the lower was
its twist value. On the other hand, the maximum twist value was obtained with 029 C

specimen in the case of type 309 steel.

This difference was attributed to the fact that the

ductility of these steels depended upon the stability of austenitic structure.
Besides, effects of Si, Ni, Cr, N and Nb contents on twist value were explained. Compar-
ing vacuum-melted with air-melted specimens, the effect of melting atmosphere was not so

clear than that of alloying elements.

Addition of small {quantity of Al improved hot-twist

ductility, . while addition of large amount of Al as well as B up to 0°01% in the form of Fe-

B much impaired ductility.

In the case of high-C steels, the increase of annealing temperature which resulted in
grain-coarsening decreased the hot-twist value owing to the increase of solubility of C atoms,
while no change of the hot-twist value were observed with very low-C steels. Therefore, it
was concluded that grain size itself did not affect the hot ductility.
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II. BRBLUREAE

FHICHE L 72BN AISI 309, 310 35 X UF 330 AR

MBS LN ITEBEEILELIML K 50 F »
— 2T, RENLABORS % Table | TR$. W§
hb 200kg WEMEBEIEF S XU 100kg BEGEREE
PIERD 16 § BREENE» SRR L, 1,100°C 1hiK
BRI (o7, BITTRUSNO ks © EB % /s
LR L, BREHZTELIRT—FILT52D
1 F v —v O % fE CAMTER O2% IEBREDDD 75
kg ~100kg WCHEER AT D fo. ToBEEVE Fe-
Ca-Si 0°2% wHRimc—E L.

BEEEAEOBIEICE 10kg -m BERRERBREE
i\ 1,000~1,300°C DR EEIR T HB & TV Bk v
= 5 E TOBRERE kDR, RBEERIZEPOWES
DR L it 570 200 rpm i —5E LB Z{T Ok

ERERBLIUER
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Table 1. Chemical composition of test specimens (%).

AISI Specimen .
type steels| marks C Cr Ni Mn P S N Others
HX18 021 23°31 13*58 061 1°37 0°C10 0+012 0°+021
HXV2 0012 23°05 12*86 0*55 1°56 0014 0*016 0°009 | Vacuum-melt
H X3! 016 23°83 1378 0°55 1°48 0016 0015 0°028
HXI10 012 23°50 13°50 140 1°46 0°014 0°015 0°024
309 HXI11t 014 23*58 13°50 2°22 1°46 Q°0l1é6 0°014 0°034
HX12 011 23*53 12°06 064 1+47 0°0l7 0015 0+039
H X43 0°15 23°07 1502 051 155 0015 0°01t 0°038
HXl16 | 0°23 23°73 13°58 06l 1°37 0°*010 0012 0021 B 0°001
HX17 026 2331 1358 061 1°37 0°010 Q+012 0*025 B 0-0l
KX31 0*20 2553 2066 066 161 0014 0+018 0°031
KXVi 021 2583 20°39 0°51 159 0015 0°017 0065 | Vacuum-melt
KXV2| 0014 25°17 20°69 056 158 0012 0°022 0009 | Vacuum-melt
KX22 010 2524 20°73 082 165 0014 Q°015 0019 )
KX11 010 2608 2072 147 173 0°017 0°017 0°016
KX12 0°*13 26°08 20°72 2°69 173 0°017 Q*0t7 0016
310 K X33 0*12 2553 20° 66 066 1*61 0°014 0018 0°028
KX23 0°07 2572 20447 069 1+71 0°013 0012 0017 .
KX 8 0+06 25°97 2052 0°*50 1*50 0°013 0°*0l5 0034 | Nb 1-47
KX18 018 2560 |  20°80 0+85 1°66 0016 0°020 0*020
KX10 022 24°84 19°98 089 1°50 0°014 0014 0019 | Nb 1°59
K X46 016 25°50 2036 071 1°71 0-011 0011 0 025
K X44 016 25*55 20°74 066 1+71 0*006 0009 0°029 [ Al 0°+38
i KX45 016 2502 2010 087 1°75 0009 0010 0026 | Al 1°23
TX! 019 14°63 | 35°15 | 0%65 151 0°012 | 0°021 | 0°043 | Vacuum-melt
TXV1 0°013 15°13 34494 047 158 0010 0°024 0°010
330 T X31 017 14°94 3553 0459 158 0°010 0°009 0019
TX 4 016 14°87 34+82 1°74 148 0011 0*010 0*020
- - X 5-1 0~18 - 1477 34661 2°73 42— o012 1+ 00Otl 0025
TX 3 0*12 24+87 34°58 059 146 0°015 0017 0042
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Hot-twist ductility of AISI type
309, 310 and 330 steels.

Fig. 1.
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Etched with electrolytically 102
Microstructures of fractured hot-twist specimen of type 330 steel (KX 31).

Photo. i.
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a) C

309, 310 MOARKZIEME HHRRMMMEIZ > VWTER
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* DR % Fig. 2 (309)% X ¢¢ Fig. 3(310) R+
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T4 PDEKENLIOBICENTIE, CELELIETD

HrERTZ e, (3) chbOCRIZIBETIREE
EEBIEEVCLUS LV EgIbhb.
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(©) (@
Tested at (a) 1,000°C, (b) 1,200°C, (c) 1,200°C and (d) 1,30(°C.

oxalic acid solution. X100 (1/3)
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ductility of AISI type 309 steels.
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Fig. 3. Ef:fect of C content on hot-ductility

of AISI type 310 steels.
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Fig. 4. Effect of Si content on hot-ductility

of AISI type 309, 310 and 330 steels.
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Fig. 5. Effect of Ni content on hot-twist
ductility of austenitic steels containing

25% Cr.

Fig. 6. Effect of Nb addition on hot-twist

Fig. 6.

ductility of AISI Type 310 steel.
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Table 2. Influence of melting process on hot ductility of high Cr-high Ni steels.

AISI Meltin Number of twists to fracture tested at
type | C grade procesg 0:% C% N,
No. 1,000°C {1, 100°C {1, 150°C |1, 200°C |1, 250°C |1, 300°C
) 3 i
| o Air-Melt| 0-013 | o0°21 | 0021 | 12 14 18 21 22 20
309 | High-C | o ium | 0007 | 0°19 | 0°085| 14 L9 21 18 15
f . - - b
| Air-Melt] 0°010| 0°034 | 0027 10 13 12 12 10
309 | Low-C | Vacuum | 0°012| 0012 | 0°009 | 8 8 8 9 8 8
) Air-Melt| 0012 | 020 | 0031 | 14 15 20 17 16 | o9
310 | High-C !Vacuum 0005 | 0°21 04065 | 12 17 18 17 16 7
" Air-Melt| 0°012 | 07025 | 0042 | 10 14 16 18 20 18
310 | Low-C | yochum| 0°013 | 0+014 | 0°009 | 14 17 18 24 28 24
. Air-Melt| 0012 | 019 | 0-043]| 13 5 | 19 20 ' 20 10
330 . High-C | G cuum | 0008 | 0°23 | o0-027| 11 6 20 21 . 19 8
4
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Fig. 7. Effect of Al and B addition on hot-
twist ductility of AISI type 310 or
309 steels.
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Effect of Mo, Si. and Cu Additions, Respectively, on Mechanical
Properties and Corrosion Resistance of 30Ni-20Cr Stainless Steel.

(Studies on 30Ni-20Cr stainless steels—I)

Synopsis:

Shigehiro INOUE

Changes of mechanical properties and corrosion loss were observed with specimens of
30Ni-20Cr stainless steels by varying Mo, Si and Cu contents, respectively.

- The following results were obtained:

(1) The higher the Mo content, the higher the tensile strength, the yield strength and
the elastic limit of forged specimens. But the maximum tensile strength of cast specimens

was obtained by addition of 889 Mo.

(2) The minimum corrosion loss in a boiling solution of 5 wt. % HS0; and HCI was
obtained by addition of 3~49 Mo, also the minimum grain-boundary corrosion loss was ob-

tained by addition of 3~7% Mo.

(3) Effect of Si and Cu contents on mechanical properties and corrosion loss was less

than that of Mo.
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