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Recycling of titanium alloys in plasma furnace
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1. Introduction

Melting process of titanium and its alloys is very
complicated as:

— liquid titanium reacts with nearly all refractories
applied for furnace lining,

— titanium at high temperature reacts with oxygen
and nitrogen from furnace atmosphere.

In relation with these facts the furnace for tita-
nium and its alloys melting should meet some require-
ments:

— melting process should be carried out in vacuum
or inert atmosphere,

— crucible for melting process should not react with
melting titanium,

— heating equipment should enable to achieve tem-
perature near 1800°C.

The analysis carried out [1-8] leads to the conclu-
sion, that plasma arc furnace may be a good metallurgical
unit as:

— applications of high purity inert gas (He) for gen-
erating plasma jet and low pressure in melting
chamber let to create the conditions very similar
to that of vacuum furnace,

— plasma furnace has small ratio of installed power
to the mass of melting metal (30-40 kW/kg ),

In Foundry Section of Poznan University of
Technology a stand for titanium alloys and reactive metals
melting has been built and tested.

The main objective of this article is to present our
experience in construction of the basic elements of proto-
type stand for Ti alloys plasma melting as well as the first
results received during recycling of Ti alloy with the appli-
cation of this stand.

2. Stand construction

The prototype stand for plasma melting of metals
and alloys in conditions of low pressure (see Fig. 1) con-
sists of some basic elements like:

— working chamber with water-cooling system,

— direct current plasma torch with , hollow cathode”
adopted for working at low pressure with supply-
ing and cooling system,

— vacuum installation and cooling system for outlet
gases with the equipment for pressure measuring
and flow of working gas,

— equipment for measuring temperature of melted
metal,

— water-cooled copper crucible.

Schematic diagram of the supplying system is
shown in Fig. 1. The stand is supplied from low voltage
switch gear with a switch fuse (RB-200A). To the low

voltage switch gear is connected the rectifier unit DP3a-
100 (apparent power rating S=180 kVA and active power
rating P=100 kW) with long time current-carrying capacity
[=600 A. An automatic battery of capacitors with power
rating 110 kVA is connected to the high voltage winding
of transformer for the compensation of apparent power.
The rectifier unit is equipped with automatic ignition set. A
pilot arc was generated inside a ,,hollow cathode”. Once
the transfer arc ignites to the melting metal, the pilot arc is
automatically disconnected.

In order to measure melting metal temperature
through a sight glass of the chamber the Raytek two-colour
pyrometer was applied.

3. Experimental results

During the melts testing the homogeneous scrap
of titanium alloys TiAl6V4 as a charging materials was
used. Chemical compositions of the scrap are shown in
Table 1.

Pure helium (see Table 2) was applied as a work-
ing gas for plasma jet generating.

The scheme of melting process is presented in
Fig. 2. Mean operating parameters of the stand and quality
of the alloy received after recycling process are presented
in Tables 3 and 4.

Table 1
Chemical composition of the titanium alloys TiAl6V4
(scrap)
Element Chemical composition,
% weight
N 0.0205
0) 0.3250
H 0.0028
C 0.0400
S 0.0040
Mo 0.0080
Zr 0.0200
W 0.0170
Ni 0.0310
Fe 0.1800
Mn 0.0130
Cr 0.0300
\Y 3.8000
Si 0.0380
Al 6.2500
Cu 0.0050
Nb 0.0180
Sn 0.0050
Ti balance




Switchbord

68

250A

'YAKY 4x120

200A

100A

Sl

Feeder DP3a-100

Automatic
battery of capacitors
power 110 kVar

u

s

N

| .52
O |

%\51
|

1%

-

P-p,

PC-
RE-

PP-

PD-

PP-

yrometer

T- water-cooled copper crucible

pressure measurement
pressure regulator

Rt- rotameter
Z- valves
OG- gas cleaner

rotary vacuum pump

M- manometer
ZW - surge chamber

diffusion pump

AG- gas analyser
R- resistor
UZ- ignition system

converter

Fig. 1 Prototype stand for plasma melting of metals and alloys

Table 2
Chemical composition of helium (working gas)
Impurity Content, % volume

H, <05

0, <2.0
CH,4 <0.5
H,0 <2.0
CO, <0.5

CcO <1.0

Ar <-

He >99.999

Table 3

Parameters of laboratory plasma stand during testing melts

Charging the scrap into crucible

A

y

Generating preliminary vacuum (0.1 — 1 Pa)

A

A

Filling the chamber with helium (5-13.3 kPa)

A

y

Plasmatron switching on

*/ - second tap of transformer
*%*/ - third tap of the transformer

N° of melt

Parameters \ 4

117 | 127207 [ 22730 | 327 Melting the scrap (5 — 90 kPa)
Pressure before
rotameter, hPa | 1613 | 1613 | 2213 | 2213 | 2163 | 2063
Pressure in Y —
chamber, hPa_ | 193 | 193 | 165 | 171 | 160 | 380 Plasmatron switching off
Outflow of
gas, 1/h 4924 | 4924 | 4375| 4375| 4267 | 7680 v
Arc current in- Ingot cooling in vacuum
tensity, A */** | 451 | 778 | 441 | 780 | 450 | 777
Arc voltage, V
*[rE 40.0 | 40.0 | 39.0 | 40.6 | 37.5 | 46.5 v
Arc power, Chamber depressurise — ingot evacuation
kW 18.0 | 31.1 | 17.2 | 31.7 | 16.9 | 36.1
Arc length, m | 0.07 | 0.07 | 0.07 | 0.07 | 0.06 | 0.06
Mass of 227 | 227 | 220 | 220 | 289 | 289
charge, g Fig. 2 Scheme of the melting process




Table 4
Chemical composition of charge (W) and ingots after
recycling
Element Number of melt
contents, | Scrap,
ppm \Y% 1 2 3
C 400 400 400 400
S 40 40 40 40
Mo 80 50 60 50
Zr 200 190 180 180
\Y 170 185 190 195
Ni 310 310 310 310
Fe 1800 1800 1750 1750
Mn 130 125 125 125
Cr 300 270 340 270
\% 38000 | 38700 38800 38800
Si 380 390 370 350
Al 62500 | 62300 62400 62300
Cu 50 50 60 60
Nb 180 185 180 180
Sn 50 60 50 70
Ti bal- balance | balance | balance
ance
Table 5

Analysis of gas contents in the charge and ingots after
recycling process for preliminary vacuum 0.13 MPa
(melts N° 1 - 3)

Arithmetic | Average gas con-
average | tents in ingot after | Efficiency
Gas | gas con- recycling of de-
tents in Standard | gassing,
charge | X, ppm | deviation | (X" —-X) /X"
X", ppm O,
ppm
N 205 173.4 3.5 0.16
0] 3250 3097 115 0.05
H 28 17.3 3.1 0.38

4. Conclusions

Recycling of titanium alloy (TiAl6V4) in plasma
furnace has shown that:
plasma melting is a useful technology for titanium
alloys recycling (very high ratio of the mass of
ingot to the mass of charge - above 99%),
only very small changes in chemical composition
after recycling process have been observed,
application of high purity gas (He) for generating
plasma jet and low partial pressure of oxygen, ni-
trogen and hydrogen in the melting chamber cre-
ate the conditions very similar to vacuum furnace
environment,
inside the plasma furnace the conditions favour-
able for degassing of melted alloys arise (preheat-
ing of the surface of liquid titanium alloy and the
process of dissolving solid nitride in liquid alloy
(81),
decreasing of hydrogen and nitrogen contents in
the alloys after recycling process was noticed.
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TITANO LYDINIU PERLYDYMAS PLAZMINEJE
LYDKROSNYJE

Reziumé

Straipsnyje apraSyta laboratoriné reaktyviyjy me-
taly ir lydiniy plazminé lydymo krosnis bei pateikti titano
lydinio TiAl6V4 perlydymo eksperimentinio tyrimo rezul-
tatai. Lydinio cheminés sudéties ir dujy kiekio jame prie§
perlydyma ir po jo analizés rezultatai rodo, kad eksperi-
mentinis jrenginys tinka titano lydiniams perdirbti. Lydy-
mo kameroje kaip Silumos $altini naudojant plazmini iner-
tiniy dujy srauta galima sukurti zemo deguonies, azoto ir
vandenilio dalinio slégio atmosfera.
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FURNACE

Sumarry

The scheme of prototype stand for reactive metals
and alloys melting and the results of experimental investi-
gation on recycling process of titanium alloy grade
TiAl6V4 are presented in this paper. On the basis of
chemical compositions and gases contents in analysis the
alloy (before and after remelting process) it was shown that
the application of prototype stand is a very effective way
of the recycling process of titanium alloys. The application
of plasma jet generated from inert gas as a heat source
inside the melting chamber enables creating the atmos-
phere with low partial pressure of oxygen, nitrogen and
hydrogen.
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ITEPEITJIABKA TUTAHOBBIX CILJTABOB B
TUIABMEHHOM ITEYU

Pe3zmomMme

B crarbe ommcana nabopaTopHasl IUTa3MEHHas
Meyb A IUIaBKM PEAKTUBHBIX METAUIOB M CIUIABOB H
MIPEABSIBICHBI PE3yJIbTAaThl HKCIIEPUMEHTAIBHBIX HCCIIEI0-
BaHUIl TUTABKW THUTAHOBOTO cinlaBa Mapku TiAl6V4. Ha
OCHOBE pE3yNbTaTOB aHAIM3a XHMHYECKOTO COCTaBa H
COJIepKaHMs T'a3a B CIUIABE JI0 M IOCIIE MepenaBa Mokasa-
HO, YTO SKCIEpUMEHTaNbHas YCTAaHOBKAa NPUTOAHA IS
MeperuIaBKu TUTAHOBBIX CIIaBOB. [IpuMeHeHue mia3mMeH-
HOW CTPyM W3 HMHEPTHBIX Ta30B KaK HMCTOYHHKA TeIula
BHYTPH IUIABWIBHOW KaMmepsl IMO3BOJSET CO37aTh aTMO-
chepy ¢ HU3KUM YPOBHEM MapLHUAIBHOTO JABJICHUS KH-
clIopoJa, a30Ta U BOAOPOA.
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