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"STAINLESS STEEL PRODUCTION!"
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COMPLEYE  SPECHFICATION

(a) Here insert title ver-
bally agyreeing with that (a) “(‘TAINL ESS SI-EEL PRODUCTION"

in the application form.

2;3"°£$&Jmi£3(b) We, NATIONAL INSTITUTE FOR METALLURGY, of:
calling of applicant(s) as
- appheanon form. 1 Yale Road, Milner Park, Johannesburg, Tran vaal

Province, Repubhc of SOULh Africa,

do hereby declare this invention, the manner in which and the method by
wliich it is to be performed, to be particulacly described and ascertained

in and by the following stutement :~—
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THE PRESENT INVENTION relates to the production

of stainless steel, and more particularly to the chromium

additions required therefor.

High-carbon ferrochromium alloys produced from
Transvaal chromites can be more easily and more economically
produced when the alloy made contains more than 7 per cent
carbon. Due to the low process temperatures and friablec
nature of the ore, alloys containing lower carbon contents
are more difficult to produce and result in increased
production costs and lower chromium recoveries. Since hign-
carbon ferrochromium is a major source of chromium in the
new pneumatic processes for stainless steel production
these economics and the high-carbon contents are reflected

in the production of stainless steel when these new processes

are used.

The production of stainless steel allcys by tic
new pneumatic processes consists primarily of melting
together mild steel scrap, stainless steel scrap, hig:
carbon ferrochromium and ferromanganese, nickel, molybdenu:
and any other alloying conditions that may be reiuirea. The
stainless steel scrap provides a low-carbon source of

chromium units that aids in the dilution of the high-carcon

content arising from the use of high-carpbon ferrcchromiun..



amount of high~carbon ferrochromium used is thus limited by the final
carbon requirement (e.g. less than 2% in argon-oxygen decarburization
process and less than 0,7% in the vacuum oxygen decarburization), and
the Timit on the carbon content in the stainless steel melt at the
start of decarburization is based on economic grounds.  Although
pneumatic processes can accommodate virtually any carbon content,
high-carbon contents become uneconomic as they result in excessive
refractory wear, long refining periods and higher gas consumption. It
follows that the higher the proportion of high-carbon ferrochromium used
in the melting stage the greater is the proportion of stainless steel
scrap required to dilute the carbon content of the final ailoy. Beceuse
stainless steel scrap is in short supply it has become desireable to
provide a method for minimising its use, particularly when using high-

carbon ferrochromium produced from Transvaal chromites as the source

of chromium.

In our South African Patent Number 72/6389 we describe
a method’for producing a ferrochromium alloy containing less then 57
carbon by a solid state reaction. Use of this alloy in the production
of stainless steel does not require dilution by ctainless steel scrap
to obtain the required carbon levels for treatment, Tor example, by

duplex pneumatic precess such as the Argen Oxygen Decarburization

(AOD) technique.

Ar object of this invention is therefore to provide =

single melt process for producing stzinless steel ip which the cariin
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An object of this invention is therefore to
provide a single melt process for producing stainless steel
in which the carbon content is minimized without the

necessity of chromium additions in the form of stainless

steel scrap.

According to the invention a process of stainless

steel manufacture comprises:

pre-reducing, predominantly in the solid state
and to a metallisation of at least 45% of the chromium
a mixture of finely divided chrcmite ore and carbonaceous
reductant; the reductant being limited to an excess of 2
unless excess carbon is required to maintain a neutral or

reducing atmosphere in the reaction vessel;

adding a predetermined amount of the pre-reduced

mixture to a steel melt together with fluxes and nor

carbonaceous reductants and other alloying additions if

required; ana

.
AN

removing the formed slag and decarburizing th-

final melt in & kncown manner.

pde

The invention further provides that the mixture
be agglomerated; that there be nc excess of carbonaceous

eduction be effected in an cthor-

+

reductzant; that the pre-

wise Known manner at temperatures in excess of 1200°C;
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The invention still further provides that the mixture of
finely dividied chromite ore and reductant be agglomerated in known
manner; that the carbonaceous reductant is not in excess of the
stoichiometric amount required; that the meta}lisatﬁon be in the
region of 80%; that the non-carbonaceous reductant be ferrosilicon or
ferrochromium silicide or ferromanganese silicide or any combination
of these; that a duplex pneumatic process such as the argon-oxygen
process, for example, be used in decarburizing the final melt; and

that the steel melt be derived from mild steel scrap, sponge iron or

any other source of low carbon iron.

The preferred form of the invention provides that there be
approximately 80% of the stoichiometric carbonaceous reductant require-

ments to obtain a reasonably high degree of metallisation in the mixture.

In the preferred form of the invention, described by way
of example only, a process for producing stainless steel comprises the

following basic stages:

1. Chromite ore and carbcnaceous reductant are individually
milled and agglomerated into pellets of the required composition

utilizing a suitable binder.  Prefcrably the pellets contain ebout
80% of the stoichiometric amount of reductant required to completely

reduce the chromite.

The dried and cured pellets are then heated tc a temperature

~o
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1n excess of 13007C and preferebly in excess of 13300L for @ lensgtn
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of time sufficient to effect 55% to 60% (or higher) metallisation of
the chromium in the chromite. However, the temperature should be

sufficiently low to ensure that the solid state of the pellet

constituents predominates.

3. A predetermined amount of the pre-reduced pellets if then
added continuously over a period.of time to a bath of molten mi?d
steel scrap together with other alloy additions, fluxes and non-
carbonaceous reductants as required. These reductants, in the form
of ferrosilicon, ferrochromium silicide, ferrcmanganese silicide or

a combination of these are necessary in amounts inversely proportional
to the degree of metallisation of the peliets and proportional to the
amount of agglomerated material added to the melt. The agglomerated,

pre-reduced ore may alternatively be added in the form of one or more

batches.

4. The melt is then tapped and after separation of the slag and
metal is decarburized to the required carbon content using a duplev
pneumatic process such as the argon-oxygen process. Other decarburization

processes may however be used.

Results of the experimental tests conducted to date ere

summarized in the following tables:
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RAW MATERIAL DATA

meta- |Fluxes % by | % by mass
Experi- PELLET ANALYSIS 11iza-|mass of of pellets
ment tion pellets | FeCrSi
NO. C Cr Fe Mq0 A1,0,4 5i0, % Ca0 510,
1. 1,33 33,6 {21,5 |13,5 17,5 5,1 77,3 22,0 22,0 6,6
2. 2,53 132,9 |21,1 {13,5 17,5 5,1 (71,1 27,4 27,4 4,9
3. 1,81 33,1 {20,8 (13,5 17,5 5,1 173,5 27,0 27,0 15,7
4. 2,91 133,3 {21,3 |13,5 17,5 5,1 (80,9 27,7 27,7 11,1
5. 1,66 33,3 (21,7 [13,5 17,5 5,1 176,€ (27,3 22,3 9,9




PRODUCT DATA

EXPERI- ALLOY ANALYSIS SLAG ANALYSIS
MENT o _
NO . C Cr. Fe Si Ni S Reco- méom Zmow owmou Mg0 Can __wmmow

. very % !
1. 1,06 16,4 73,7 { 0,19 | 8,11| 0,060 85,0 30,3 14,5 13,9 13,5 22,7 . 3,0
2. 1,44 16,3 69,2 { 0,16 7,36 0,056 86,4 30,8 14,8 14,3 14,3 21,8 3,1
3. 0,86 15,4 74,6 0,73 8,29 0,036 | 82,6 32,6 14,9 10,5 18,5 i3,0 2,1
4. 1,37 16,5 72,4 | 0,44 7,881 0,037} 87,3 32,0 16,9 5,4 22,8 21,8 1,4
5. 1,08 {16,2 70,9 | 0,46 | 8,11 0,041 85,9 m 33,9 15,6 8,7 14,5 22,6 1,5




As may be noted from the above data the invention provides
a method of stainless steel manufacture wherein the alloy, after the
addition of chromium in the form of pre-reduced chromite ore and prior
to decarburization, has a sufficiently low catbon content to make
decarburization, for example, by the argon oxygen decarburization
process, economically viable without the use of stainless scrap in the

bath as a diluent for carbon.

The process may be varied in many ways without departing
from the scope of the invention. Thus, for example, the ratio of
chromite to reductant may be varied, the temperature may be varied, the
time may be varied and the proportion of mild steel scrap and/cr sponge
iron may be varied according to the grade of stainless steel being

produced.



Having now particularly described and ascertained
our said invention and in what manner the same is to

be performed, we declare that what we claim is:-

A process for producing stainless steel comprising:

pre-reducing a chromite ore to metallization of at
least 45% of the chromium using a predetermined amount

of carbonaceous reductant;

adding the resulting pre-reduced mixture to a steel
melt in a predetermined ratio and together with any
fluxes, non-carbonaceous reductants and alloying

additions required; and

N

removing the slag formed and decarburising the

final melt in known manner.

A process as claimed in claim 1 in which the amount

~ of carbonaceous reductant is limited to & maximum 5f

20% in excess of the reductant required for stcichiomeiric
reduction of the chronite ore uniess further carbon is
required for maintaining a neutral or reducing aumsspicie

in the resction vessel used in the pre-reduction.



A process as claimed in either of claims 1
or 2 in which the chromite ore and the carbonaceous

reductant are in a finely divided state and mixed

together.

A process as claimed in claim 3 in which the mixture
of finely divided chromite ore and reductant are

agglomerated in known manner.

A process as claimed in any of the preceding claims

in which the carbonaceous reductant is not in excess

of the stoichiometric amount required.

A process as claimed in any of the preceding claims

in which the metallization is in the regicn of 80%.

A process as claimed in any of the preceding claims
in which the pre-reduction is effected at temperatures

in excess of 1300°C.

A process as claimed in any of the preceding claims in
which the non-carbonaceous reductant is ferrcsilicon ¢

ferrochremiun silicide, or Terromanganese silicide or &

comoiration i any of these.



10.

11.

12.

A process as claimed in any of the preceding claims
in which a duplex pneumatic process is used in

decarburizing the final melt.

A process as claimed in claim 9 in which the duplex

pneumatic process is the argon oxygen process.
A process as claimed in any of the preceding claims
in which the steel melt is mild steel scrap, sponge

iron or any other source of low carbon iron.

A process substantially as herein described.

DATED this  18th Day of November, 1976.

- 12 -



