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(57) Abstract: The invention relates to a method for the
production of a metal melt containing at least one base metal
and at least one additional alloying component, wherein the
production takes place in a smelting vessel with slag cov-
ering the melt. According to the invention, in order to in-
crease the alloying component content of the melt, a charge
which contains the alloying component is added to the melt,
wherein the charge contains > 5-10% by weight of the al-
loying component; > 5-10% by weight of the melt metal-
lurgically safe volatile components; < 5% by weight of sul-
fur; and, optionally, further alloying components and/or slag-
forming agents. The charge can be obtained by the leeching
of ores and precipitation in the form of hydroxides and/or
carbonates. The invention further relates to such a charge.

(57) Zusammenfassung: Die Erfindung betrifft ein
Verfahren zur Herstellung einer Metallschmelze enthaltend
zumindest ein Basismetall und zumindest einen weiteren
Legierungsbestandteil, wobei die Herstellung in einem
Schmelzgefd mit die Schmelze abdeckender Schlacke
erfolgt. ErfindungsgemidB wird zur ErhShung des
Gehaltes des Legierungsbestandteils der Schmelze ein den
Legierungsbestandteil enthaltender Zuschlagstoff mit einem
Gehalt von > 5-10 Gew.-% des Legierungsbestandteils,
> 5-10 Gew.-% schmelzmetallurgisch unbedenkliche
flichtige Bestandteile, < 5 Gew.-% Schwefel und
gegebenenfalls Anteile an weiteren Legierungsbestandteilen
und/oder Schlackebildnern der Schmelze zugefiihrt. Der
Zuschlagstoff ist durch Auslaugung von Erzen und Féllung
in Form

[Fortsetzung auf der niichsten Seite]



WO 2008/119317 A1l

EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
IL, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC,
LK, LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN,
MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH,
PL, PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV,
SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA, ZM, ZW.

(84) Bestimmungsstaaten (soweit nicht anders angegeben, fiir

Jede verfiigbare regionale Schutzrechtsart): ARIPO (BW,

GH, GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
7ZM, 7ZW), eurasisches (AM, AZ, BY, KG, KZ, MD, RU,
TJ, TM), europdisches (AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MT, NL, NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF,
BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN,
TD, TG).

Veroffentlicht:
—  mit internationalem Recherchenbericht

von Hydroxiden und/oder Carbonaten erhiltlich. Ferner betrifft die Erfindung einen derartigen Zuschlagstoff.



25 Nov 2010

2008234283

10

15

20

25

30

1

Melting metallurgical process for producing metal melts

and transition metal-containing additive for use in this process

The invention relates to a melting metallurgical process for producing a
melt, with at least one base metal and at least one additional alloy
constituent in a melting vessel, wherein the melt is covered with a slag.
The invention further relates to a transition metal-containing, especially
nickel and/or cobalt-containing, additive for producing alloys containing
a transition metal, especially nickel and/or cobalt, wherein said additive
is present in the form of a solid and has a transition metal content of 2 10
percent by weight. Furthermore the invention is related to the use of such

an additive in the process.

For the production of iron alloys or steels which are enriched by certain
alloy constituents, it is mostly required to add alloy constituents to the
melt, in order to adjust the composition of the melt. Such constituents
may be in particular nickel, cobalt, but also vanadium, molybdenum etc.
For adjusting the composition of the melt ferroalloys like ferronickel,
ferrocobalt etc, are used, but also oxidic components like NiO or also
nickel ores like laterite which have a corresponding nickel content.
However, the addition of these components respectively includes certain

drawbacks.

For instance the provision of ferroalloys for the adjustment of the content
of the alloy constituents in the melt is relatively expensive and requires
high amounts of energy. The use of oxidic minerals for the adjustment of
the composition of the melt includes the drawback that high efforts are
often required for removing undesired impurities like undesired trace
elements such as phosphorus, tin, arsenic, or in particular steels also
cobalt, molybdenum etc. from the ores. Even by enrichment processes
like flotation processes such impurities cannot always be removed to the

desired extent. If undesired constituents like phosphorus, sulfur etc. are
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introduced into the melt through said ores, this will result in high efforts
for removing the same from the melt, for instance by a suitable slag
treatment, by using several different slags and the like. Moreover, the
introduction of ores into the metal melts also leads to other problems,
especially with regard to kinetics and to the extent of the formation of
crystallization germs, because when using ores the particles of the
additives are not always dissolved in the melt fast enough and
completely, so that the same may have negative effects on the melting
metallurgy. Furthermore, the introduction of oxidic ores into the melt
causes a negative contribution to the energy balance, because the melting
of the ores is strongly endothermic. This may lead to considerable
process-technological and metallurgical problems, for instance also to an
increased slagging of alloy constituents like chromium. Which elements
will become slagged, essentially depends on the thermal conditions at the
time of carrying out the process.

It is further known to directly add oxides like nickel oxide, but the above-
mentioned problems will arise also in this case. In addition, nickel oxide

is toxic and cancer-causing, so that the use thereof should be avoided.

WO 97/20954 discloses a melting metallurgical process for producing
ferronickel, stainless steel or the like, wherein nickel, nickel ores or

calcinated nickel compounds are fed to a metal melt being covered by a

- slag.

EP 583 164 Al discloses a process for producing stainless steel, wherein
finely divided oxides being mixed with finely divided reduction agents are

reacted under generation of agglomerates.

US 4,919,714 discloses a steel refining process in which a melt is agitated

and a gas is injected into the melt, wherein simultaneously heat is
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applied to the melt surface by means of a burner, wherein metal oxides

are fed into the melt.

WO 03/018850 Al discloses a process for producing stainless steel,
wherein a solidified hydroxide sludge containing metals being obtained in
a steel pickling process and containing at least fluoride-comprising

compounds are fed to a melt.

WO 2005/098054 Al discloses a process for producing a flux agent
which can be applied in a steelmaking process, wherein the flux agent is

a fluoride-containing, calcinated hydroxide sludge.

WO 2006/131764 Al discloses a process for making ferroalloys, wherein
chromium metal, chromium containing alloys and chromium ores are fed

to a slag covered melt.,

In view the. above, the invention is based on the problem of providing a
simple and inexpensive process, which allows a simple metallurgical
control, for producing metal melts which are enriched by alloy
constituents and which are preferably covered with a slag and perform a
mass transfer with said slag. The problem of the invention further resides
in the provision of an additive which may be used particularly

advantageously in such process and which can be produced at low cost.

This problem is solved in one aspect by the provision of a process for
producing a metal melt containing at least one base metal and at least
one further alloy constituent, wherein the production takes place in a
mélting vessel with slag covering the melt, wherein at least one alloy
constituent-containing additive is fed to the melt for enriching the melt by
the alloy constituent, the alloy constituent being a transition metal and
the additive being in the form of a solid, the additive having a content of >

10 percent by weight of said further alloy constituent, characterize
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d in that the additive contains > 20 percent by weight of melting
metallurgically harmless matter being volatile by calcination when feeding
the additive to the melt by means of a feeding device, < 5 percent by
weight of sulfur and possibly fractions of further alloy constituents
and/or slag formers, and in that preferably the additive which contains
the alloy constituent is directly supplied to the metal melt by means of a
gas stream under the formation of a slag-free burn spot of the slag-

covered melt.

In another aspect, there is provided a transition metal-containing additive
for the production of transition metal-containing alloys in melting
metallurgical processes, wherein the additive is present as a solid
material with a transition metal content of = 10 percent by weight,
characterized in that the additive comprises a fraction of melting
metallurgically harmless volatile matter in the form of H20 and/or COs,
inclusive of chemically bound water in the form of crystal water and/or
hydroxide groups, of 2 20 percent by weight, a sulfur content of < 5
percent by weight and a content of further alloy constituents of = 1
percent by weight and/or a content of slag formers of = 0,5 percent by
weight and that is obtainable by processing of ores, waste materials or
other products containing the alloy constituents by transferring the
respective alloy constituent into a dissolved state, precipitation of it and,

where appropriate, further processing steps.

In yet another aspect, there is provided use of a transition metal
containing additive for producing a transition metal alloy in a melting
metallufgical process, wherein the additive is fed to a metal melt
containing at least one base metal to enrich the melt with the alloy
constituent, wherein the production of the alloy takes place by feeding
the additive to a melting vessel containing a slag covered melt or wherein
the process in general is a AOD-process, CLU-process, VOD-process,

BOP-process or Q-BOP process or an electro-steel process, and wherein
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the additive is a solid comprising a transition metal content of = 10
percent by weight, characterized in that the additive contains melting
metallurgically harmless matter in the form of H20 and/or COg, inclusive
of chemically bound water in the form of crystal water and/or hydroxide
groups, of = 20 percent by weight, a sulfur content of < 5 percent by
weight and a content of further alloy constituents of 2 1 percent by weight

and/or a content of slag formers of = 0,5 percent by weight.

In accordance with the method of the invention additives are used which
contain the alloy constituent to be enriched and a high content of volatile
matter that is harmless from the melting metallurgical aspect, such as
especially water and/or carbonate having low sulfur contents and
compared to the use of ores low contents of slag formers such as calcium
and/or magnesium oxide etc. as well as high contents of the respective
alloying constituent. The water may be present especially and at least
substantially or practically exclusively as a chemically bound water in the
form of crystal water and/or hydroxide groups. Such additives may be
obtained especially by the processing of ores, for instance by leaching
laterite ores, provided that the constituents to be alloyed are nickel
and/or cobalt. If necessary, these leachings can be reworked, in order to
separate further undesired constituents, and where appropriate the
desired alloy constituents may also be separated from these leaching by
precipitation. The respective precipitates may then be separated and
dried, especially for obtaining additives which may be transported
pneumatically or by gravity. If necessary, the additives that have been
obtained in this way may be calcinated or pre-calcinated in a separate
step for reducing the content of the constituents volatilizing during
adding the additive to the melt, such as chemically bound water, e.g. in
the form of crystal water, and/or hydroxide groups and/or carbonate,
without this being necessary all the time. The contenf of undesired
constituents which are neither alloy constituents nor constituents which

volatilize during adding the additive to the melt nor slag formers may be <
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15-20 percent by weight, < 5-10 percent by weight or also < 2-3 percent
by weight , referred to the additive which is used.



weight of chromium, wherein the carbon content of the melt in the
process step of adding the additive according to the invention or of the

final product may be 2 2-3 percent by weight, 2 3.5-4 percent by weight

" or 2 4.5-5 percent by weight, and wherein the melt is preferably pro-
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20

25

duced in a converter process. The carbon content mostly amounts to <
8-10 percent by weight. Through the method according to the invention
mostly a decarburization of the melt takes place. Hence, the additive
addition according to the invention is mostly effected during a decar-
burization process performed by means of a blowing lance or during a

refining process or directly before or after the same.

Normally the additive addition according to the invention is preferably
effected during a main decarburization phaée of the respective process
of steelmaking or of making the respective alloy. Accordingly, the addi-
tive that is used in accordance with the invention is preferably supplied
to melts which still have to be decarburized, with a partial decarburiza-

tion taking place during the additive supply.

Preferably, the additive to be alloyed.is introduced ~inf0_ the respective
upper space of the melting vessel or converter, i.e. from above the slag
which covers the melt, with the additive outlet of the feeding device be-
ing preferably spaced from the slag, so that the additive has to take its
way through the atmosphere towards the slag or towards the melt.

Preferably, the additive which is present as a solid material is directly
supplied inside the metal melt, by means of a gas stream under the
production of a slag-free burn spot of the metal melt. This particularly
applies to the use of Ni and/or Co-containing additives, but in case also
to other transition metals, especially V, Mo. Accordingly, the burn spot
of the metal melt (melting bath surface) is produced by the fact that the
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slag is completely displaced by the gas stream on the place where it im-
pinges, so that the additive - in consideration of its calcination during
feeding from the feeding device to the melt - can directly contact the
metal melt, without being required to pass through the slag. In this case
it proved advantageous with regard to the melting metallurgical trans-
formation of the additive and the alloy for the burn spot to have tem-
perature which is a high as possible, for example from = 1,750° to
1,800°C, preferably = 2,000° to 2,200°C or 2 2,400° to 2,500°C, and
even more preferably temperatures of 2 2,600°C. Due to these very high
burn spot temperatures (i.e temperatures of the melt in the burn spot)
thc incorporation of the alloy constituents from the additive into the

melt is extremely fast.

The calcination of the additive can be controlled especially by the con-
veying speed of the additive towards the melt in such a way, that the
same takes place only at the time of or after the discharge from the
feeding device which is mostly designed as a lance. In this case, the cal-
cination may take place partially or predominantly during the transfer
of the lance to the melting surface, but also for a significant part -or a
predominant part in the burn spot (i.e. the melting surface that has
been exposed by the nozzle-injection) or in the impact zone of the sup-
plied additive on the melting bath where the melting bath forms a hol-
low. The endothermic calcination processes of the additive accordingly
take place prior to the entry of the additive into the melt or directly in
the burn spot or in the impact zone, so that an extremely fine disper-
sion of the additives takes place during the calcination and prior to
their absorption by the melt. Thus the calcination gases penetrate into
the metal melt only to a very small extent or practically not at all, and a
calcination of the additive in the nozzle region, i.e. before leaving the

lance nozzle or the like is avoided. All in all, the energy budget of the .
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production process is controllable much better, which fact also provides
advantages concerning the process management, especially also with

regard to the avoidance of slagging of certain alloy constituents like for

" instance chromium and with regard to the metallurgy of the melt in

terms of crystallization germs introduced through the calcination of the
additive. This is true for instance also with regard to a possible nozzle-
injection of the additives by below-bath-nozzles which penetrate into the
melt below the slag.

The additive containing the alloy elements is supplied to the melt pref-
erably in a-solid-material stream which is surrounded by a gas stream.
It is possible thereby to effectively prevent the formation of a burn spot
in the melt and an interaction or a chemical reaction with the slag. At
the same time the solid material stream may be focused or adjusted in
its diameter. Further, due to the gas jacket the penetration depth of the
additive into the metal melt or the location of the calcination can be
controlled independently of the solid material supply, and/or the escap-
ing of dusts like for instance nickel oxide dusts from the solid material
stream can be prevented. Moreover, volatile constituents like H20, CO2
and the like which are produced during the calcination are prevented
from escaping, which fact is desired in certain process managements.
The surrounding of the solid material stream by the gas or the convey-
ing gas stream accordingly takes place preferably from the feeding de-
vice, especially a gas lance, up and into the burn spot. Preferably, the
conveying device or the lance is cooled, especially water-cooled. If need
be, the surrounding gas may simultaneously be the conveying gas for
the solid material stream. Preferably, the conveying gas is inert with re-
spect to the additive, at least until it exits from the feeding device, e.g. a
lance, or it is completely inert under the conditions of the process. The

conveying gas may be air, preferably air that is enriched by nitrogen or
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other inert gases, or it may be directly nitrogen or a different inert gas
like argon. Preferably, the conveying gas does not exhibit an oxygen

content which is increased compared to air.

The lance may include in a manner known per se a central tube for
feeding solid materials and on the radial outéide thereof a further tube
which is arranged coaxially and has a larger diameter, or it may include
a preferably substantially circular arrangement of several outlet nozzles
for the enveloping gas. The outlet nozzles of the solid material stream
and/or the enveloping gas may be formed in particular as Laval nozzles.
The conveying gas which is possibly used leaves the central tube to-
gether with the solid materials. The lance may also include a water-

cooled jacket.

The device for feeding or nozzle-injectiné the additives according to the
invention by nozzles may be constructed in the fashion of a closed sys-
tem, so that any human contact with the material is avoided. This is
important above all in the case of nickel-containing additives. In a
pneumatic system a silo may be loaded by a conveying means assisted
by pressurized air, and the dusts may be further fed by pressure vessels
of the feeding device or the lance. The additives leaving the lance are
enveloped by a gas stream, in order to minimize losses of additives also

in this case.

Besides, due to the fact that the calcination of the additives is controlled
in such a way that the same takes place at the time of or after leaving
the feeding device or lance (but preferably not before), the existing ex-
haust heat from rising exhaust gases and radiation heat from the bath

as well as from the surrounding walls of the melting vessel or the con-

verter may be utilized for the calcination of the additives.
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In certain metallurgical manufacturing processes the endothermic effect
which results from the calcination may be selectively utilized also delib-
erately, in order to reduce the bath temperature. To this end, the oxy-
gen-containing enveloping gas and/or the conveying gas for instance
may be replaced partially or entirely by inert gases. The strongly exo-
thermic decarburizing reaction which takes place as a result of the re-
action of the oxygen-containing gases with the carbon of the melt, will
then remain partially or completely undone. It will be understood, that
the gas supply may be performed also in a way such as to thereby effect
a control of the temperature of the melt in a predetermined process, in
which process the- cxygen content of the enveloping gas and/or of the
conveying gas is varied in a different location, in dependence of process
parameters of the manufacturing process, such as for example the burn
spot temperature and/or the temperature of the melt. According to de-
mand, the oxygen content of the conveying and/or enveloping gas may
be increased and the contents of inert gases decreased or vice versa.
Hence, the additive to be used in accordance with the invention may be
supplied to the melt during the refining phase of the metallurgical proc-

ess, especially during the main refining phase.

The enveloping gas stream may contain > 25 percent by weight or 2 50
percent by weight or > 75 percent by weight of oxygen, in certain vari-
ants of the process permanently or temporarily also 2 80 percent by
weight, 2 90 percent by weight or > 95 percent by weight or also > 98
percent by weight of oxygen, or the enveloping gas stream may practi-
cally be pure oxygen. The oxygen content of the enveloping gas stream
may be < 95 to 98 percent by weight, where appropriate < 80 to 90 per-
cent by weight or also < 60 to 70 percent by weight, where appropriate
also < 50 or < 25 percent by weight. The oxygen content of the envelop-
ing gas and also of the conveying gas may be adjusted by the use of in-
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ert gases for example to < 10 to 20 percent by weight or < 5 percent by
weight of the gas, or practically pure inert gases may be used. The inert
gas to be used is dependent on the respective conditions of the process;
it may be nitrogen for instance, preferably argon. Since also the bath
temperature decreases due to the strongly endothermic calcination re-
action of the used additives including high fractions of volatile calcina-
tion components and since the volatile calcination products like e.g. wa-
ter steam and/or CO2 or reaction products of the same like oxygen, hy-
drogen and CO cause a reduction of the partial preésure of the oxgen
and/or of the reaction products in the burn spot, it is possible in accor-
dance with the process of the invention to-also dispense with the admix-
ing of inert gases for controlling the bath and/or burn spot tempera-

ture.

Preferably, the conveying gas and/or the enveloping gas have a compo-
sition such that the same is inert also with respect to the calcination of
the intermediate substance, i.e. that no or only a secondary reaction of
the conveying and/or enveloping gas with the intermediate substance
and/or with its calcination products takes place or that no or practi-
cally no reaction heat is released. This should preferably generally apply
to the time period prior to the exit of the additive from the feeding de-

vice, e.g. a lance.

Together with the at léast one additive which contains at least one fur-
ther alloy constituent, additional solid materials may be fed to the melt
if needed, for instance further alloy constituents which may be of the
conventional type like ferroalloys, and/or slag-forming substances like
calcium and/or magnesium compounds (e.g. CaO, MgO, dolomite etc.),
silicates or quartz, without being limited thereto. The content of these
further solid materials in the additive stream may be < 50 percent by
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weight, preferably < 20-25 percent by weight or < 10-20 percent by
weight, in particular also < 5-9 percent by weight or < 2-4 percent by
weight. Where appropriate the additive stream may be free of such addi-
tional solid materials.

The stream of additives supplied to the melt may include further solid
materials or constituents like for instance carbons, hydrocarbons in a
solid, liquid or gaseous form or other reduction agents like for instance
ferrosilicon, aluminium, ferroaluminium etc. Preferably however, the
additive to be alloyed contains < 10 percent by weight or < 5 percent by
weight of such solid materials or-reduction agents, preferably < 2 to 3
percent by weight or < 1 percent by weight. The stream of additives, in
case inclusive of gaseous components contained therein, and/or the
enveloping gas stream may also be free of (particle-shaped) carbon, hy-
drocarbons and/or other reduction agents. Hence, the lance which is
used for feeding the additives does not act or act only to a minor extent
as a kind of a burner, and possible reactions shall take place outside of

the lance.

The additive which is used and which may exhibit a high content of
chemically bound water may be suitably prepared for the pneumatic
conveyance and/or conveyance by gravity. The content of free, merely
physically bound water (residual humidity) may in this case amount to
< 5 percent by weight, preferably < 2-3 percent by weight or < 1 percent
by weight, referred to the total weight of the additive. Where appropriate
other ways may be chosen for implementing the conveying or feeding to
the melt.

The additive may consist for > 60-70 percent by weight, 2 75-80 percent
by weight or 2 85-90 percent by weight or also 2 95 percent by weight
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from the constituents (1) alloy constituents desired for the intended use,
(2) volatile matter without melting metallurgical properties, and (3) slag

formers.

The additive which is used and which is present in the solid form may
have an average or maximum grain size of < 10 mm, < 3-5 mm or the
like, and where appropriate it may also be present in a more finely dis-
sipated form like in the form of a powder, e.g. with grain sizes of < 0.5-1
mm, or in the form of dusts. If necessary, the additive may be also pre-
sent in the compacted or agglomerated form, e.g. in a briquetted, pellet
or granulated form, wherein the briquettcs, pellets etc. are able to burst
and to finely dissipate unaided, due to the calcination reaction and the
vaporization of water and/or CO2 during feeding thereof to the burn

spot.

The method according to the invention may particularly be an AOD
process. The melting vessel may be an argon-oxygen-deéarbonizer, a
Creusot-Loire-Uddeholm (CLU) converter, a vacuum-oxgen (VOD) con-
verter, or a Cr-converter. Where appropriate the melting vessel may be a
BOP or Q-BOP converter. Possibly, though less preferably, the process
may be an electro-steel-process, for instance an electro light arc furnace

process.

The alloy constituents that must be brought in for adjusting the compo-
sition of the meltihg bath may be supplied for =2 5-10 percent by weight
or 2 20-25 percent by weight, 2 30-35 percent by weight or 2 40-50 per-
cent by weight through the additives in accordance with the invention
which include high fractions of chemically bound water or calcinating
constituents. Where appropriate also 2 75 percent by weight or approx
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100 percent by weight of the alloy constituents may be supplied

through the additives which are used in accordance with the invention.

Depending on the size of the meiting vessel or converter, the stream of
additives may amount to = 100 kg/min, preferably 200-500 kg/min or
even more, respectively referred to a melt of 100 to 120 tons metal
weight (i.e. without slag weight), which analogously applies also to
higher melting masses.

Supplying highly water-containing additives in accordance with the in-
vention has proved particularly with regard to nickel and/or cobalt-
containing additives, without being limited to the same. Accordingly, the
following description refers to Ni-containing additives. It will be under-
stood that, unless otherwise stated, this analogously applies to Co-
containing or other additives containing different main alloy .constitu-

ents, for instance Mn, Mo or Cr.

Accordingly, the additive which has to be used in the process according
to the invention may be obtained by dissolving or leaching-out the rele-
vant alloy constituents, particularly transition metals, from an ore, from
a suitably processed ore or generally from a product which contains the
alloy constituents and which may for instance be a waste material. After
having transferred the respective alloy constituent, of which the content
has to be increased in the metal melt, into the dissolved state the same
may be precipitated by appropriate agents, for instance by alkaline
agents such as Mg0O, CaO, dolomite etc., which may be used as a slurry
where appropriate, ammonia or ammonium salts and/or carbonate or
the like. Depending on the respective application, the precipitation may
take place at increased temperatures or at room temperature and in ex-

ceptional cases also under cooling. Accordingly, the resulting precipitate
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may be a water-containing hydroxide, carbonate or a mixed hydrox-
ide/carbonate. Normally the precipitation of the transition metal form-
ing the alloy constituent takes place without the use of S-containing
precipitation agents or without agents which lead to an S-introduction
into the precipitate to be obtained. Accordingly, the alloy constituent is
normally precipitated in such a form that the resulting additive over-
whelmingly or practically exclusively consists of constituents which
during the calcination of the additive when the same is transferred to
the upper space of the melting vessel release apart from the alloy con-
stituent overwhelmingly or practically exclusively volatile components
such as H20, CO2 etc., which are harmless cocmpared to S-containing
gases like SO2 from the melting metallurgical aspect, and/or slag-

forming components.

Where appropriate the solution containing the alloy constituent may be
processed after dissolving or leaching the ore or another suitable mate-
rial, in order to remove certain components like impurities. It will be
understood, that the enrichment of the transition metal from the re-
spective source may in case be effected in a different way, for example

by extraction processes, though the same are less preferred.

Thereafter, the additive may be treated in such a way that it can be
conveyed pneumatically or by gravity. To this end, the additive may in-
clude a residual humidity in physically bound water of < 5 percent by
weight, preferably < 1 to 3 percent by weight. It will be understood, that
the residual humidity to be adjusted is dependent on the respective

conditions of the process.

The additive which is ready for being used may have a content of 2 10-

15 percent by weight, 2 15-20 percent by weight or also 2 25-30 percent
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by weight of metallurgically harmless components such as H20 and/or
CO; which are volatile during the calcination, for instance also > 30-35
percent by weight or = 35-40 percent by weight. The content of these
components preferably is < 65-70 percent by weight, e.g. < 60-65 per-
cent by weight, < 55-60 percent by weight or < 55-60 percent by weight.
Here, the chemically bound water may be present particularly in the
form of crystal water and/or hydroxide groups. Where appropriate, the
additive may be pre-calcinated for already removing for instance a part
of the chemically bound crystal water, although such a step is not nec-
essarily required. The aforementioned facts may respectively apply also

generally within the scope of the present invention: - -- -

Particularly preferred is an essentially metallic constituent or main con-
stituent of the additive, of which the content has to be increased in the
metal melt, at least one or more transition metals. The transition metal
with the highest content or the transition metals may be present indi-
vidually or altogether at an amount of < 60-70 percent by weight, re-
ferred to the total metal content of the additive, wherein in this case all
the metals, inclusive of Fe and slag-forming metals like Ca, Mg etc. are
comprised. The transition metal or metals are preferably those metals
which represent reducible oxides under the present conditions of the
process when in contact with the melt or after the introduction into the
melt, so that the at least one transition metal merges into the melt in a
metallic form, by a melting metallurgical reaction with the melt. Accord-
ingly, the melt acts reductively on the transition metal oxide which is
generated by the calaination of the additive, or possibly it acts reduc-
tively on the additive itself. Peferably, the transition metal which is pre-
sent in an oxidic and/or metallic form exhibits a steam pressure which
is not excessively high or which may practically be neglected, so that

losses caused by evaporating metal and/or metal oxide are avoided or
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kept small. This also comprises losses which are caused by a material
discharge of the metal oxide or also of the additive itself due to the es-
caping calcination gases. An essential constituent or a main constituent
of the additive may be at least one transition metal like for instance Ni,
Co, V, Mo, Mn, Cr, Ti, Zr, W, Nb, Ta or combination thereof, and pref-
erably the transition metal is Ni, Co, Mo or V, especially Ni or Mo.
Where appropriate, Ni and Co may be present in combination, wherein

Ni or Co can be the main constituent.

For the production of nickel and/or cobalt-containing additives it is par-
ticularly advantageous to apply leaching of laterite-ores or laterite-like
ores, e.g. saprolite. But preferred is the product which is weathered the
most, namely laterite. In lateritic nickel ores two kinds may be differen-
tiated, namely Ni-limonite ore which is very rich in iron with 1 to 2 per-
cent by weight of nickel, bound to goethite, or nickel-silicate ores which
frequently contain more than 2 percent by weight of nickel which in sili-
cates is especially bound to serpentine. It will be understood that also
other transition metals, other suitable sources and particularly also

ores may be used.

For leaching Ni/Co, acids may be used in particular, for instance sulfu-
ric acid. The leaching is effected preferably by heap leaching. The leach-
ing may be normally performed at atmospheric pressure or at an in-
creased pressure, for instance by high pressure acid leaching. Where
appropriate also other processes such as biological leaching processes,
ammonium/ammoniac leaching and the like may be used. This may
generally apply also to other transition metals which are obtained from
ores or other sources. Preferably, the leaching is performed without the
use of sulfides and/or chlorides, which fact may also apply to other
method steps for the production of the additive.
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From the resultant solution or leach cobalt may be separated before by
suitable methods, for example by means of suitable complexing agents
like phosphonic acids etc. This generally applies also to the separation
of other undesired components as well as undesired alloy constituents,
both for the production of Ni-containing additives or also other additives
containing transition metals. If necessary, nickel and cobalt may there-
after be leached also in common, for producing so-called mixed precipi-
tates (MHP). This analogously applies to other mixed transition metal
precipitates.

The nickel-containing additive may have a nickel content of =2 5-10 per-
cent by weight, for instance 2 15to 17 percent by weight or = 20 to 23
percent by weight, where appropriate also = 25 to 27 percent by weight,
inclusive of the content of residual humidity or respectively referred to a
substance having a residual humidity of approx O percent by weight.
The nickel content typically is < 50-55 percent by weight or also < 40-45
percent by weight, but it may also amount up to approx 60-65 percent
by weight or higher. These specifications relate to the additive which is
to be used in the melting metallurgical process. This may correspond-
ingly apply also to Co-containing additives or other additives with tran-
sition metals of the first transition metal period like V etc., inclusive of
mixed additives with two or more alloy constituents like No/Co addi-
tives, and corresponding facts apply to transition metals of higher peri-
ods like for instance Mo, in consideration of the relationship of the
atomic weights of the transition metal of the higher period to that of the

first period like for instance Ni.

The following specifications particularly relate to a Ni/Co-containing
additive which is produced especially by laterite leaching. But these
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specifications may also be generally valid within the scope of the inven-

tion.

The additive may be chemically bound water in the form of crystal water
and/or hydroxide groups at a fraction of 2 5-10 or up to 11 percent by
weight or 2 15 to 21 percent by weight, possibly also 2 25 to 30 percent
by weight or 2 35-40 percent by weight, which may also generally apply
to additives that can be used within the scope of the invention. Prefera-
bly, the additive does not contain more than 50-55 percent by weight or
60-65 percent by weight of water (inclusive of water in the bound form).
If the additive is present as a carbonate or-mixed hydroxide/carbonate,
the respective content is correspondingly valid for the content of CO2

and/or chemically bound water.

The sulfur content of the additive preferably amounts to < 5-10 percent
by weight, in particular < 4 percent by weight or < 2-3 percent by
weight. Preferably the sulfur content is < 0.5-1 percent by weight or <
0.2-0.3 percent by weight. This may analogously apply also to the con-
tent of Cl and may also be generally true within the scope of the inven-

tion.

If the additive shall serve alone for alloying nickel, vanadium and/or
molybdenum in the melt, the Co-content preferably amounts to < 2.5-2
percent by weight, < 1.75-1.5 percent by weight or < 1.25-1 percent by
weight. This especially applies where the additive serves for alloying
nickel and where e.g. nickel is present as a main constituent. The Co-
content is therefore noncritical with regard to other Co-sources of the
melt, so that with respect to the amount at which the additive may be
used in the respective process no restrictions are given for avoiding un-
desirably high Co-contents.
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Preferably the content of P, Cu, Sn, Pb, Nb, As, Cd and/or Pd in the ad-
ditive is limited to such values that the amount of the additive to be
added to the respective melt is not limited, in order to be able to keep
the upper limits of the specified components in the melt. If it is only Ni
which is to be alloyed by the additive, this will also apply to the compo-
nents Co, V, Mo and vice versa. Due to the fact that the additive may be
obtained through an aqueous solution of the respectively desired transi-
tion metal, the contents of the stated components may be comparatively

easily controlled by known measures.

In addition to the main alloy constituent the additive may contain fur-
ther alloy constituents such as e.g. cobalt (in the case of a Ni additive)
or nickel (in the case of a Co additive), manganese etc., if these elements
are desired for the respective intended use or are not disturbing. In the
case of a Ni and/or Co-containing additive obtained from leaching later-
ite there may be further contained manganese (e.g. 2 0.25 to 5 percent
by weight or 2 1 to 2 percent by weight), where the content may be < 7.5
to 10 percent by weight or < 5 percent by weight, cobalt at fractions of 2
0.1 to 0.25 percent by weight or 2 0.75 percent by weight, where the
cobalt content may be < 3 to 5 percent by weight or < 2 percent by
weight. The content of alloy formers including iron may in this case be 2
1 to 2 percent by weight or 2 3 percent by weight and may be < 15 per-
cent by weight, < 10 to 12 percent by weight or also < 8 to 10 percent by
weight. This may also be generally true within the scope of the inven-

tion.

The additive may further contain slag-forming constituents like Ca, Mg.
The content of the slag-forming constituents or the content of Ca
and/or Mg in the additive may be 2 0.5 to 1 percent by weight or 1.5 to
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2 percent by weight, for instance > 3 to 5 percent by weight, referred to
the additive which is free of residual humidity and respectively referred
to the weight of the metal. The slag-forming constituents or Ca and/or
Mg may be present in a form suitable for the melting metallurgical proc-
ess, e.g. as an oxide, hydroxide and/or carbonate, but also silicate. The
content of slag-forming constituents may be < 25 percent by weight or <
15 to 20 percent by weight, particularly < 10 to 12 percent by weight or
< 6 to 8 percent by weight, referred to the additive without residual hu-
midity that is to be used in the process. The stated contents may be re-
spectively inclusive or exclusive Mn, Cr, Si, Ti, Si and/or Fe. The afore-
mentioned facts may also generally apply within thc scope of the inven-

tion.

In the following the invention will explained by way of a preferred em-
bodiment, and the drawing figure is a schematic illustration of the melt-
ing vessel (converter) including a feeding device for the additive in the

form of a lance.

Figure 1 shows an arrangement for carrying-out the. process according
to the invention, wherein a metal melt 2 is provided in a melting vessel
1 which is e.g. in the form of a converter, and wherein the metal melt 2
is covered with a slag 3. The melt may represent an iron alloy, e.g. one
for the production of a Ni-alloyed steel having a Ni content of 1.5 to 30
percent by weight, especially for the production of usual Ni or Cr/Ni
steels like 18/8 Cr/Ni steel and/or steels having a P and S content re-
spectively of < 0.005 percent by weight or < 0.0035 percent by weight,
which may apply independently of the embodiment. Here, the slag
represents a slag which is usual for the production of the respective al-

loy, for instance containing high fractions of chromium oxide, MgO,
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CaO and/or SiO2, and which in addition to covering the melt may inter-

fere in the metallurgy of the melt.

As a feeding device for introducing the additive into the melt a prefera-
bly water-cooled lance 4 is provided above the slag which penetrates
preferably into the upper part of the melting vessel 1. Said lance 4 con-
sists of a central tube 5 for nozzle injecting the solid additive into the

‘melt, which central tube is surrounded on the outside thereof by an ex-

ternal tube 6 or by a plurality of single tubes, for instance 2 2-3 or 2 4-6
single tubes, circumferentially arranged around the said central tube.
The tube ends may be provided with nozzle-like discharge openings, e.g.
in the form of Laval nozzles, in order to be able to inject the additive
through nozzles into the melt at a high speed, preferably supersonic
speed. Accordingly, the solid, pneumatically conveyable additive is in-
jected in case by means of a suitable conveying gas such as oxygen
through the central tube into the melt, through the external tubes 6 a
gas stream is ejected towards the metal melt, which gas stream sur-
rounds and focuses the solid material stream leaving the central tube 5.
Here the gas jacket 7 serves on one side for materially shielding the
solid material stream against the surroundings and further to focus the
same especially with regard to the high fraction of volatile matter which
is produced during the calcination of the additive. In particular, the gas
stream also serves for completely or almost completely penetrating
through the slag, thereby producing a slag-free burn spot 9 where the
metal melt 2 is hence exposed. The temperature of the melt in the re-
gion of the burn spot may be for example 2,400 to 2,600°C.

The additive is injected through the nozzles into the melt at a speed
which is high to an extent that a calcination of the additive takes place
at the time of or after the exit of the additive from the lance, under
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separation of H20, CO2 and in case also of other volatile matter. Be-
cause of the high ambient temperatures, e.g. the radiation heat from
the wall 1a of the melting vessel, from the metal melt and the like, the
decomposition of the additive takes place predominantly or completely
on the way from the lance nozzle 4a to the melting bath. Possible non-
calcinated fractions of the additive are calcinated in the burn spot 9 or
in the impact zone 10 on the metal melt. Accordingly, during the calci-
nation all the volatile matter such as H20, CO2 and the like are volatil-
ized, so that only the non-volatile substances like metal oxides enter

into the melt and become absorbed by the melt.

The gas which is passed along with the solid material stream through
the central tube 5 may be air, a gas which is oxygen-deriched compared
to air, or an inert gas. The enveloping gas passed through the external
tubes 6 may represent air, a gas which is oxygen-enriched compared to
air, or pure oxygen or an inert gas or mixtures thereof. The oxygen con-
tent has to be adapted to the respective conditions of the process like
for instance the heat budget of the melting metallurgical process. Where
appropriate, further solid materials like alloy constituents, slag formers
or the like may supplied to the melt along with the additive stream,
though this is not necessarily required. Preferably, the additive stream
does not contain reduction agents like carbon, ferrosilicon, aluminium
or the like. The process according to the invention may represent par-
ticularly an AOD process, where appropriate also an electro metallurgi-

cal process.

Surprisingly it turned out that the supply of additives for the adjust- -
ment of the alloy content of the melt is possible under the use of highly
water-containing substances, whereby the production cost of the re-

spective alloy can be clearly reduced, especially as the additive can be
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produced at low cost and additional expensive steps like a treatment of

the slag for reducing the sulfur content of the melt etc. can be avoided.
Such a process management is given especially by the fact that the ad-
ditive is directly injected through nozzles into the very hot, slag-free

burn spot.

The additive may be obtained in particular by laterite leaching, for in-
stance by leaching by means of sulfuric acid at atmosphere pressure or
at an increased pressure, but in case also by other leaching processes.
From the acidic leach the nickel-containing additive may then be pre-
cipitated through suitable precipitation agents like a MgO and/or CaO-
slurry, by the addition of carbonates like sodium carbonate, calcium
carbonate, dolomite etc., by the addition of ammoniac or ammonium
compounds to produce essentially a nickel hydroxide, nickel carbonate
or mixed nickel hydroxide/carbonate. The conversion with the precipi-
tation agent may take place at increased temperatures, for instance at
30-80°C or higher, in suitable time periods from e.g. some minutes up
to 1 hour. Where appropriate, cobalt may be separated by suitable
processes such as for instance extraction processes in a preceding step

of the process.

The additive may be pre-dried for a residual humidity which permits a
pneumatic conveyance of the additive. In this case, the residual humid-
ity is understood to be physically bound water which may be removed
at temperatures of < 120 to 150°C within a suitable period of time, for
instance within one to two hours. The additive may be treated so that it

is suitable for conveyance by gravity.
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If need be, the additive may be mechanically treated in order to obtain a
suitable grain size or dissipation, and in case it may also be compacted

or agglomerated.

In the case of a nickel-containing additive the nickel content thereof is
typically approx 15 to 55 percent by weight, especially approx 20 to
approx 40 percent by weight, referred to the pre-dried additive (without
residual humidity). The content of chemically bound water in the form
of crystal water and/or hydroxide groups typically is 30 to 50 percent
by weight or also 40 to 50 percent by weight. It will be understood that
the additive may-possibly be pre-calcinated at higher temperatures, in
order to decrease the water and/or carbonate content, though this is

not necessarily required.

In the following two typical analyses of the nickel-containing additive
are given. The products were each obtained by laterite leaching by
means of an 80% sulfuric acid at 90°C for 0.5 hours (approx 20 g of ore,
suspended in 80g of water; 100 g of sulfuric acid). Leaching times < 1 or
< 0.75 hours generally proved advantageous. The leach was partially
neutralized by means of dolomite and thereafter mixed with a MgO-
slurry to produce a nickel hydroxide precipitate.

The precipitate that was filtered off was dried for a residual humidity of
approx 1.5 percent by weight (at 120°C for 2 hours), the content of
chemically bound water was 55 percent by weight (composition 1) re-
spectively 45 percent by weight (composition 2), each calculated as the
weight loss of the material dried for a residual humidity of approx O
percent by Weight after a thermolysis at 750°C for 4 hours until weight
constancy. It will be understood that the thermolized material may still
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contain a content of carbonate or other constituents which decompose

only at higher temperatures.

It will be understood that the composition of the additive may vary de-
pending on the ore that is used or the nickel-containing base product.
The following analysis details are related to a material which was dried
at 120°C for two hours to obtain a residual humidity of approx O per-

cent by weight (i.e. crystal water inclusive}.

Composition 1 (data in percent by weight)

Ni ——— o4
Al 0.75
Ca 0.75
Co 1.5
Cr <0.05
Fe 0.75
Mn 4.0
Mg 6.0
Water content (crystal water) 50

Composition 2 (data in percent by weight)

Ni 38

Al < 0.05
Ca 2

Co 0.5

Cr ‘ < 0.05
Fe ' 2.5
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Mn 1.5
Mg 2.5
Water content (crystal water) 40

It will be understood that except of ores also other substances may be
generally used for the production of the additives used in accordance
with the invention, from which nickel-containing or generally transition
metal-containing additives can be produced in a corresponding manner

and with which the transition metals can be obtained by a suitable

~ leaching on the basis of-a water-containing leaching agent.

Further, it will be understood that the process according to the inven-
tion is not, limited to the use of Ni/Co-containing additives, but that
also other alloy constituents, especially transition metals like Mo, V or
the like may be added to the melt in a corresponding form. In this case,
the additives are respectively injected through nozzles into the melting
vessel and the metal melt having a very high temperature preferably
from the upper side of the melting vessel and, in the case of melts which

are covered with a slag, into a slag-free burn spot.
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CLAIMS:

Process for producing a metal melt containing at least one base
metal and at least one further alloy constituent, wherein the
production takes place in a melting vessel with slag covering the
melt, wherein at least one alloy constituent-containing additive is
fed to the melt for enriching the melt by the alloy constituent, the
alloy constituent being a transition metal and the additive being in
the form of a soclid, the additive having a content of =z 10 percent by
weight of said further alloy constituent, characterized in
that the additive contains 2 20 percent by weight of melting
metallurgically harmless matter being volatile by calcination when
féecling the additive to the melt by means of a feeding device, < 5
percent by weight of sulfur and possibly fractions of further alloy
constituents and/or slag formers, and in that preferably the
additive which contains the alloy constituent is directly supplied to
the metal melt by means of a gas stream under the formation of a

slag-free burn spot of the slag-covered melt.

Process according to claim 1,

characterized in that the additive is supplied to the melt
in such a way that a calcination or decomposition of the additive
takes place at least substantially only at the time of or after exiting
from a feeding device that is provided and prior to or during

impinging upon the metal melt or within an impact zone.

Process according to one of the claims 1 to 2,
characterized in that the additive is supplied to the melt

in a solid material stream which is surrounded by a gas stream.
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Process according to one of the claim 1 to 3,
characterized in thatthe burn spot has a temperature of

2 1,750°C.

Process according to one of the claims 1 to 4,
characterized in that the enveloping gas stream has an
oxygen content of = 25 percent by weight or that it is oxygen at
least for the most part of it.

Process according to one of the claims 1 to 5,
characterized in that the enveloping gas contains for = 75
percent by Weight at least one inert gas or consists of one or more

inert gases at least for the most part of it.

Process according to one of the claims 1 to 6,

characterized in that the solid material strearn which
contains the alloying additive contains < 10 percent by weight of
reduction agents, inclusive of carbon, carbon hydroxides and

ferrosilicon.

Process according to one of the claims 1 to 7,
characterized in thatz5to 10 percent by weight of the
alloy constituent which is the main constituent of the additive is

supplied to the melt via the additive.

Process according to one of the claims 1 to 8,
characterized in thatthe additive contains nickel and/or

cobalt as the main alloy constituent.



25 Nov 2010

o

2008234283

10

15

20

25

30

10.

11.

12,

13.

30

Process according to one of the claims 1 to 9,
characterized in that the additive is for the most part of it
crystal water-containing salt, hydroxide, carbonate or mixed

hydroxide/carbonate.

Process according to one of the claims 1 to 10,

characterized in that the additive consists for 2 70 to 80
percent by weight of the constituents (1) alloy constituents desired
for the intended use, {2) volatile matter without negative melting

metallurgical properties and (3) slag formers.

Process according to one of the claims 1 to 11,
characterized in that the process is an AOD process,
CLU-process, VOD-process, BOP-process or Q-BOP process or an

electro-steel process.

Transition metal-containing additive for the production of transition
metal-containing alloys in melting metallurgical processes, wherein
the additive is present as a solid material with a transition metal
content of 2 10 percent by weight, characterized in that the additive
comprises a fraction of melting metallurgically harmless volatile
matter in the form of H2Q and/or COg2, inclusive of chemically
bound water in the form of crystal water and/or hydroxide groups,
of 2 20 percent by weight, a sulfur content of s 5 percent by weight
and a content of further alloy constituents of 2 1 percent by weight
and/or a content of slag formers of = 0,5 percent by weight and that
is obtainable by processing of ores, waste materials or other
products containing the alloy constituents by transferring the
respective alloy constituent into a dissolved state, precipitation of it

and, where appropriate, further processing steps.
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14.

15.

16.

17.

18.

19.

31

Additive according to claim 13, characterized in that the
transition metal is nickel, cobalt, vanadium or molybdenum or a
combination of two or more of the same, especially nickel and/or
cobalt.

Additive according to one of the claims 13 to 14,
characterized in that the content of nickel, cobalt,
vanadium and/or molybdenum individually or in combination in

the additive amounts to 15 to 60 percent by weight.

Additive according to one of the claims 13 to 15,
characterized in that the additive includes > 20 percent
by weight of chemically bound water in the form of crystal water
and/or hydroxide groups.

Additive according to one of the claims 13 to 16,
characterized in that the sulfur content is < 2 percent by
weight and/or that content of further alloy constituents is = 3
percent by weight.

Additive according to one of the claims 13 to 17,
characterized in that the content of slag formers is < 20

percent by weight.

Additive according to one of the claims 13 to 18,
characterized in that the additive is present in a state
suitable for pneumatic conveying or for conveying by gravity or in a

compacted state.
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20.

21.

22,

23.

32

Additive according to one of the claims 13 to 19,
characterized in that the additive is obtainable or is
obtained by leaching laterites or laterite-like ores, preferably by

means of acids.

Additive according to one of the claims 13 to 20,

characterized in that the additive is obtainable or is
obtained by the precipitation of hydroxide and/or carbonate from
an aqueous solution, if necessary after a preceding treatment of the

solution.

Additive according to one of the claims 13 to 21,
characterized in that after a thermal treatment at 750°C
the additive is subject to a loss of weight of 20 to 60 percent by
weight until weight constancy.

Use of a transition metal containing additive for producing a
transition metal alloy in a melting metallurgical process, wherein
the additive is fed to a metal melt containing at least one base
metal to enrich the melt with the alloy constituent, wherein the .
production of the alloy takes place by feeding the additive to a
melting vessel containing a slag covered melt or wherein the
process in general is a AOD-process, CLU-process, VOD-process,
BOP-process or Q-BOP process or an electro-steel process, and
wherein the additive is a solid comprising a transition metal
content of = 10 percent by weight, characterized in that the additive
contains melting metallurgically harmless matter in the form of
H20 and/or CQOg, inclusive of chemically bound water in the form of
crystal water and/or hydroxide groups, of z 20 percent by weight, a
sulfur content of £ 5 percent by weight and a content of further
alloy constituents of = 1 percent by weight and/or a content of slag

formers of = 0,5 percent by weight.
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33

Use of a transition metal containing an additive according to claim

23 in a process according to one of the claims 1 to 13.
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