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Effect of Melting Condition on the Properties of High Chromium

Ferritic Steels

Tohei OTOTANI, Kazuto YACHI, Yasuji KATAURA, and Tadashki Fuxkupa

Synopsis:

The influence of melting atmosphere and impurity elements on the hot—workability of Fe-30%Cr alloys

has been studied as well as the effect of vacuum—calcium refining on the mechanical properties.

sults obtained are as follows.

The re—

The deformation resistance of zone refined specimens with the lowest impurity content is from 23 to 13
Kg/mm? in the temperature range of 850° to 1300°C.
and nitrogen in the vacuum melted specimen raises the deformation resistance in any hot-working tem—
perature. However, the content of oxygen (up to 0:29), sulfur (up to 0°1%), manganese (up to 2%),
silicon, and aluminium (up to 0°5%) have not any significant effect on the deformation resistance. The
specimens of more than 0-0179, carbon reveal intercrystalline fracture from above 1200°C. The crack
initiations due to the cluster of alumina or chromium oxide inclusion are also observed. It is ascertained
that the globular type inclusions found in the vacuum-calcium refined heats consist mainly of calcium alu-
minate, and their tensile strengths of approximately 45-65 Kg/mm? with elongations of 28-35%, are obtained
at room temperature, —72°, and —120°C, and the ductile fracture with a fine dimple pattern is observed.
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Increasing the interstitial elements such as carbon
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275 VAT HEIETF Licds, KSR T O
—BR& LT Fe-30%Cr &&0OWEBREELHBF LZL,
B2 L Ca ifhnoftA o e A CER Uit &
DEFEIM TR 5T B RSB C RIETAMBWITHE D
BELAE L OTHS.
2. ERIARESVICHE

BHEKLER Y o b 2[FH L LTH oD UDELAAE
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Table 1. Chemical composition of Fe-30% Cr alloys (wt 2).
Speci-l o | ¢ | N 0 O | s . P | Ma | si Al | Remarks
men . | 1
A |28-5) 0017 | 0-068 | 0-21 0-011 | 0-002{ 0-001 | 0-005| 0-002 | Air-induction melted
V [30-3| 0005 | 0-005 | 0-044 0-011 | 0-002 | 0-001 | 0-008 | 0-00l | Vacuum-induction melted
Z 306 | 0-002| 0-002 | 0-0006 | 0-006 | 0-002| 0-001| 0-001 | 0-002 | Zone refined
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Table 2. Chemical composition of specimens (wt ).

Specimen| ¢ | @ N o s Mn | Si | Al | Ca |Mo| Remarks
No 1 31-2 (0033 | 0-075 | 0-11 0-011 | 0-001 | 0:005 | 0-002 — | — | Air melted
No 2 |[31-2|0-005| 0010|0030 | 0-010 | 0-020 | 0-010 | 0-005 — | — | Vacuum melted
Vacuum melted
No 3 |[31-2(0-021 | 0-007 | 0-0046 | 0-011 { 0-010 | 0-010 | 0-021 — | — | and deoxidized with
0:059,C
Vacuum melted
. . . . . . . . . and deoxidized
No 4 (310 0:002 | 0-006 | 0-0024 | 0-007 | 0-010 | 0-010 | 0-18 | 0-005 | — with 19 metallic
Ca in Ar. atmosphere
Vacuum melted
. . . . . . . . . and deoxidized
No 5 | 306 0°003| 0007 | 00038 | 0:009 | 0-073 | 0:24 | 0-22 | 0-005 | — with 19 Ca alloy*
in Ar. atmosphere
No 6 | 31:2|0-010 | 0-007 { 0-015 | 0-010 | 0-010 | 0-010 | 0-004 | 0:003 | ‘0| Vacuum melted
and deoxidized
‘| with 1¢ talli
No 7 | 27-4|0-010 [ 0-007 | 0-017 | 0-010 | 0-010 | 0-010 | 0-002 | 0-004 | 10| gonr ', 72 metallic

Ca alloy*: 19°9% Ca-22'8% Si-16'5% Mn-20-49% Al-Fe
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Crack index

Fig. 1.
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Crack index by the impact compression test.

— 71 —



1134 & & 7

B 60 £ (1974) 8%

}
6
r

ISQ#

N
[6)}

30 25

_—v%

Fig. 2. Dimension ( mm) of tensile test specimens,
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¥ig. 3. Effect of chromium content on deformation
resistance and crack index for vacuum-induc-

tion melted specimens.
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Table | B Fi-talkoRix 5 Ao %,
SREZLIC X HETEIRHLE & Eihigl e OBfREZTR L
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Fig. 4. Effect of melting condition on deformation
resistance and crack index.
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Tig.75. Effect of carbon content on deformation
resistance and crack index.
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(e)
Etchant : Vilella’s reagent X160 (3/4)
Microstructures of as cast specimens for
Fe-309,Cr alloys containing 0-0952,C
(a) and 0°332%C (b), and impact com-
pressed specimens at 1 200°C (C), and at
1300°C (d) and (e).
%C LA ED BT Photo. 22 DI & S RR{LHIIER
RICBER %2R L CAREGITHTH LCvis, 1300°C 5
LEEAN LD TIE Photo. 2b DX R R{LIIX
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I/ SEONRICI VT T « v ARITHH LTW
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S TCLUY OARM MIRECFHEE L THIEE, Ni
0-002~0-008%, Stk 0-006~0'014% DHFMTHO7-
DR L, OFx 0:0006~0:055% DIBEIRIC [AHs 2T
LAY A8

Photo. l.
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1 200°C x |0 min W.Q.
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280
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Vickers microhardness

P

200 |-

I T A 1 ] Lot s idan

Q00! [o/¢]] Ol 10

C content (wt %)

Solid symbol : Zone refined
Semi-solid symbol : Vacuum melted

. Effect of carbon content on Vickers micro-
hardness for as cast and heat treated}spe-
cimens.

(2) (b)
Etchant : Improved Murakami’s reagent X160 (3/4)
(a) Water quenched at 1200°C

(b) Water quenched at 1300°C

Photo. 2. Microstructures of Fe-309,Cr alloy
containing 0-0952,C.
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1300°C O EBHAIC I\ T NS 0°269% % 7-4F 0-329
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RCDHE LR ) NORBENT DI vz & p3HEA Lz,
1200° %7-1% 1300°C ‘¢ 10 min hp#idg sk/kdhic &2
Ah7es U o BB EER O (R&EF]% Photo. 3a, b
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Effect of nitrogen content on deformation
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Etchant : Vilella’s reagent X160 (3/4)
(a) Water quenched at 1 200°C
(b) Water quenched at 1300°C

Photo. 3. Microstructures of Fe-30%,Cr alloy con-

taining 0°269,N (a) and 0°'329,N (b),
respectively.
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1< <, Photo. 3b TP RICHKE{LDN ED
NHEXSTBBZEENBBETEIOSCKDDDEE X
2% ¢ e
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Fig. 8. Effect of oxygen content on deformation

resistance.
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Photo. 4. Crack initiation due to the cluster of chromium oxide (a) or aluminate (b).
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Fig. 9. Effect of sulphur content on deformation
resistance and crack index.
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Etchant : Vilella’s reagent (x400)
Photo. 3. Microstructure of Fe-309,Cr alloy con-

taining 0°229,5.
Water quenched at 1 300°C.
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Fig. 10. Effect of manganese content on deformation

resistance.
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Fig. 11. Effect of silicon content on deformation
resistance.
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Fig. 12. Effect of aluminium content on deformation

resistance.
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Photo. 6. Electron beam scanning images of oxide

inclusion observed in specimen No 5.
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Fig. 13. Relation between deformation resistance
and testing temperature for Fe-309Cr
alloys and Fe-(27~30)9%Cr alloys con-
taining 19,Mo.
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Fig. 15. Elongation vs. testing temperature for
Fe-309,Cr alloys.
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Photo. 7. Scanning clectron micrographs in normal rupture region of specimens
(a) No l~(e) No 5 tensile tested at —120°C and specimen (f) No 5

tensile tested at —196°C.
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