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The Influence of Different Melting Methods on High-Temperatufe
' Properties of Heat-Resisting steels.

Masao KAWAHATA

" Synopsis:

As a result of the rapid development of vacuum melting process, many super-alloys have
been developed. It is evident that the high temperature properties of these super-alloys
depend on various melting processes. It is the purpose of this study to point out the
high-temperature properties of A-286 and Incoloy T containing some scavenging elements such,
as Ti and Al. Therefore, in order to obtain a good comparision between an air-melting and
various vacuum-melting techniques, it was first necessary to obtain heats of similar chemical
compositions. 10kg electrolytic materials were melted in an alumina or magnesia crucible
- with a laboratory-scale vacuum-induction equipment which had 25kW capacity and about 60kC
frequency. .

Degassing process during vacuum induction melting was done by two methods of carbon
and hydrogen refining. .

" Attainable oxygen and nitrogen levels in these specimens réfined by carbon are lower than
those of these specimens refined by hydrogen. 18mmé¢ forged bars made from both air-and
vacuum-melted ingots were used for age hardening, short-time tensile test, rotating-bending -
fatigue test, high-temperature creep-rupture test, electron-microscopy and X-ray examinations.

In terms of the relationship between rupture time and gas content of each specimen, high-

temperature rupture properties of Incoloy T were improved by reducing the gas content.
On the other hand, the same result was not obtained in the case of A-286. Those were
much the same in age-hardened characteristics, short-time tensile strength and rotating-bend-
ing fatigue strength by both melting methods but the ductility after tensile test for the
vacuum-melted specimens of A-286 were superior to those for the air-melted. According to
the results of long-time creep-rupture tests at 650 and 815°C, the rupture strength in the’
vacuum-melted Incoloy T specimens was especially superior to those of the air-melted.

The instability break points which were found on stress-rupture design curves at each test
temperature depended on the translation from a transcrystalline to an intercrystalline type
" fracture, and the break points of vacuum-melted Incoloy T appeared after a longer time than
the air-melted alloys. ,

It was believed that the strengthening characteristics of vacuum-melted Incoloy T were
caused by precipitations in grain boundaries -and matrices.
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Table 1.- Typical composition of the crucibles used. Bhke 10kg SRERIE, Wb
181nm'¢ SUAEIC (P L, Incoloy T
ALO; | MgO l $i0: | Fe;0; | CaO |Alkalies| Maker ‘
o g e l e | M2 ' J 1% 1100°C 1h WQ, A-286 13980
Alumina L . : : Nishi-  5C |h WQ+720°C 16h A.C.
crucible: | 98 191 0°12 | | 016 | 0°05 | 0-18 ; mura Mﬂﬁ/ﬁ'ﬁbQéﬁb‘ﬁg‘{w L
Magnesia F, P . Kogvo SR L, % SHEZAUERIT
crucible| 0731 97 03 I 015 | 08l .| 0°01 | Co. N
. » [ -
: A, ZREDOHALERET T
.Table 2. Typical composition of the raw material used EMED N A EFE L 7 7F

for. t’he' MgO crucible.

r —IFEORR ,
i) HREEEELS IF v —38E

Si0:| CaO | Na:O | Fe:05 | ALO; | K:O | TiO: | B:Os; MgO  oopiff .
1°90 | 080 | 07005 | 0°09 | 0°35 | 0'0t | Nil |Nil |96°845 Incoloy T k& T* A-286 Dy
- R L s SR L
Table 3. Chemical composition of Incoloy T.
Charge’)| ¢ | si |Mn | P | S | Ni | Cr | Ti'| Al | No | Os | Crucible | Deoxidant
" R-1 | 0-078| 0°81 | 1°29 | 0°024| 0+014| 32+45| 21-02| 099 | 0*11 |o-011 |0*0075 — (Air-melt)

"R-2 | 0077 0°83 | 1+48 | 0°004| 0-021| 31°9¢ 2160 106 | 0*05 [0-0203(0"0024 —

K V-311| 0-085-0°83 | 0+74 | 0-008] 0+019] 3330 21-20] 113 | 0-14 Jo<0070/0- 0008 . C powder,
K V-312) 0°058/-0°84 | 0°60 | 0*006| 0*016 34°10 21°15| 095 | 0*17 [00040/0°0013|- Alumina | metallic
K V-313 0°073| 0°58 | 110 | 0°008| 0°017| 3196 20°05) 108 | 0-04 0-00440°0013 : Si, Mn
KV-314 0°104/.0'21 | tr | 07009 0-020} 3010 20°79| 105 | 0*13 0006000019
KV-315 0°114 0°19 | tr | 0006 0:015| 32+60| 1975/ 1°03 | 0*10 |0°0070/C* 025 . :
KV-314 0°106| 0°32 | 0°05 | 0-004 0-014] 32+08 20-45| 1+15 | 0+0a |0-00ss|0-0021 Alumina | C powder
K V-317| 0-083| 024 | tr | 0004 0-013 31-80| 19-81| 113 | 004 [0-0037/0*C016
K V-318 0-084! 0°77 | 0+30 | 0*008| O 015{32-40 19787 0°95 | 0°13 0°0050,0°0040 Alumina |
K V-319| 0°073! 0-80 | 034 | 0-003| 0+023] 3250 20°37| 0+95 | 0-09 jo-00700°0037] 7 - | o o
K V-320 0°023| 0°59 | 107 | 0-004| 0°010' 32*52| 20°08| 105 | 0+02 {0*0088,0"0046, Magnesia 2 8
K V-321| 0°089| 0°89 | 1+24 | 0*005| O o14i32-3o 20°18| 1°04 | 002 0°00680°0040 7
i

Table 4, Chemical composition (%) of A-286.

Charge No. C Si Mn P | s Ni Cr Mo v Ti' Al Ng’ O: Crucible Deoxidant
R-11 0.087) 0.37 { 1.33 | 0.010| 0.013| 26.45| 15.47, 1.28 | 0.31 | 1.93 | 0.07 0.022310.0024; — (Air-melt)
R-21 0.068 0.38 | 1.42 | 0.009] 0.011] 26.48] 15.38 1.22 | 0.30 | 2.08 | 0.07 0.01250.0016] — (€4 7

‘ : » | C powder,

KV-358 0°069 0°48 { 136 | 0°013| 0'016| 27°30; 15°66{ 1°22 1 0,29 { 1*'75 | 0'07 ;0" 00300 0008 Alumina metallic Si, Mn
KV-359 0°041/ 0°37 | 1'54 | 0°014| 0°005] 27°32i 15°31| 1°10 { 0°35 [ 195 ] 0-06 0" 00330 0014 Magnesia -7
KV-360 0°072( 0°52 | 139 | 0-008| 0°011] 27.28; 15°25] 1'33 | 034 [ 1-95 | 0-43 0" 00300 0027 Alumina s ”
KV-361 0-092] 0.37 | 154 | 0:004| 0°007| 26.85] 16°00| 1°10 | 0-30 [ 1:88.; 0'06 !0°0033|0-0024 Magnesia ” ”
KV-362 0-064] 0°53 | 148 | 0°007| 0°011| 26.90! 16-00| 1°26 | 034 | 1-83 | 0°07 |0°0050[0°0023 Alumina ’{ ”

. . Hz gas
KV-363 - 0°088 0°49 | 0.65 | 0°001| 0°009 27.65| 15.96[ 120 | 0°30 | 2.00 | 0°07 [0-0058/0.0040 Magnesia 4 ”
KV-364 0°086| 0.46 | 1.35 | 0°002| 0°017| 27-35| 15°47| 169 | 0-28 | 176 | 0°07 |0°0155(0- 0087 Alumina (High N;)'
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Rupture time; 579°30’
Intergranular fracture

Photo. 3. Microstructure after rupture tests of Incoloy T.
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Fig. 9. Creep rupture properties of A-286.
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