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Rare Metals and Their Alloys, and Superalloys

Melting and refining of superalloys titanium alloys

(Review) By A. MITcHELL

The processes used for the manufacture of both su-
peralloys and titanium for the aerospace industry i.e.
vacuum induction melting, vacuum arc melting and elec-
troslag remelting, are to be considered as mature tech-
nologies. They have been developed over many years in
regard to both the equipment used and the process tech-
niques. They have been found to have advantages and
have been manifestly successful in producing high quali-
ty material as attested to by the impressive reliability
of turbines in service. However, in the present progress
of turbine manufacture we have arrived at a position
where the operational improvements in engine perform-
ance require alloy components of even higher reliabil-
ity-beyond that which can be guaranteed by the present
processes, for reasons which are discussed below. We
are hence at an interesting stage in the development of
the melting processes where we have little potential left
in the present techniques and must therefore introduce
the next stage in the technical development. The discus-
sion below outlines the rationale for the choice of this
type of new process, based on both absolute quality and
also on quality assurance through process control. It is
concluded that for both titanium alloys and superalloys,
electron-beam melting can provide the incremental im-
provement which we need, as is being presently demon-
strated by the industrial introduction of electron beam
technology.

Electron beam melting and refining of metals and alloys

(Review) By A. CHoupHURY

Vacuum induction melting is indispensable in the
manufacture of Ni- and Co-based superalloys and other
sophisticated alloys because of their reactivity atmo-
spheric oxygen and nitrogen. The paper describes the
technology of melting and refining in a vacuum induction
furnace, the programmable furnace control and metal-
lurgical results. The paper also describes subsequent
remelting processes like VAR and ESR which make it
possible to meet the very high quality requirements for
aerospace applications.

Titanium and Its Alleys

Continuous casting of titanium alloy by an induction cold

crucible By T. Tanaka et al.
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The effect of beam oscillation rate on Al evaporation
from a Ti-6 Al-4V alloy in the electron beam melting
process By H. Nakamura et al.
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Temperature measurement of molten metal surface in
electron beam melting of tinanium alloys
By T. Kusawmichr et al.
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Dissolution of refractory elements to titanium alloy in
VAR By A. YaManaka ef al.
B Ti 543, Ta, Mo, VEDOHEMOK ST *EAT
BOHBHTLIFLEBRIRDZELMEE LS. 22T,
INSDOTEEOMPRFELFMALILEET, ARV Ti
WAL, 56mm ED VAR — kB EEFEHLAL. 00—
KREWE 100mm FEDEHEIT VAR B L E T EOBHE
BEAEL.. T TIBGPOSHREOBRREE 2~ HF
FREOBEERB OB AR TLETFTNVINBET L.
NS XD UTOHIE BN

(1)Ta it 200 mesh LLF, Mo & 100 mesh AT O ED
bOEHVIUE, BUIRY L EHBTE, Vit 6 mesh O
BTOLRIBRYLCEBRTELIEMHPLL. VIIER
PICEAIC AR L, Ta, Mo IZDWWTid, BB X # )L F—
VN TEREBRB LK L 20 BHEIEL.
(2)BFEEFMIZED, Ta, Mo @ Ti B+ TOBME
BHBBECERTE, BROBSHOBBEL 2 DEL/8T 4 —
Z— (tn) EBESNL. TLRBETERIEHRE LD
R RICRERMESEEL, TRIEWEOD DR EET
HIEDNELANTHA I AL .

— N221—



IS1J International }§#; 50 E#BIE

IS & xvy 77— FER41E41BE

Aluminum evaporation from titanium alloy in electron

beam bearth melting process By T. Izawa et al.
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Changes in oxygen contents of titanium aluminides by

vacuum induction, cold erucible induction and electron

beam melting By K. Sakamoto et al.
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Control of chemical compositions of Ti-6 Al-4V alloy
during melting by electron beam furnace
By S. WaTakask et al.
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Solar-grade Silicon

Removal of boron from metallurgical grade silicon by ap-
plying the plasma treatment By K. Svzuki et al.
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Purification of metallurgical silicon for solar-grade sili-

con by electron beam button melting By T. Ikepa et al.
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Production of high purity silicon by carbothermic reduc-
tion of silica using AC-are furnace with heated shaft
By Y. SakacucHr et al.
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Refractory Metals

Electron beam melting and refining of niobium
By K. Ono et al.
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Electron beam cold hearth melting and refining

(EB-CHR) of refractory metals By F. Sumvizu et al.
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Composition control of refractory and reactive metals in

electron beam melting By S. Fukumoto et al.
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Superalloys and Others

The state of the art for the production of superalloys for

aerospace and other applications through the route of

VIM/VAR or VIM/ESR (Review) By A. CHOUDHURY

The increasing need for improved' refractory and
reactive high strength materials has led to the develop-
ment of special production. This article will consider
electron beam melting and refining which is playing an
important role especially in the production of nickel
base superalloys, specialty steels, refractory metals
such as tantalum, niobium, tungsten, and molybdenum
and reactive metals such as hafnium, vanadium, zirco-
nium, and titanium and their alloys. The drip and cold
hearth melting and refining techniques including the
electron beam heat sources are described. Process data
and results for various materials are given.

The use of ceramic foam filters in the production of high
integrity steels and nickel base alloys (Communication)
By P. BatEs et al.

Inclusion removal using ceramic foam filtration in the
casting industry is well known, however the effect of
ceramic foam filters on removing inclusions from ‘clean’
metal is not so well documented. This communication
provides a preliminary report of the findings to date.

Ceramic foam filters have been used in the production
of approximately 3.3 tonne casts using the new VIDP
furnace at Special Melted Products Ltd. Clean metal is
supplied by the use of a specially designed launder sys-
tem preheated to 900’C prior to teeming.

Examination of impregnated filter cross sections from
an alloy 718 and FV458 casts have revealed the ability
of ceramic foam filters to remove inclusions in the <20
um size range.

The types of inclusion that are removed using this
method include, from alloy 718, titanium nitride and
primary deoxidation products containing aluminium and
magnesium. Examination of FV458 shows deoxidation
products containing aluminium and calcium.

Evaporation of alloying elements and behavior of degas-

sing reactions of high chromium steel electron beam

melting By R. Nakao et al.
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Removal of inclusions in stainless steel by electron beam

melting By R. Nakao et al.
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