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Description

[0001] The invention relates to a method for manufac-
turing an austenitic stainless steel, more particularly to a
method for manufacturing an austenitic stainless steel
from a nickel laterite ore and a chromite ore.

[0002] In a conventional method for manufacturing an
austenitic stainless steel, scrap and ferroalloy are used
as main raw materials and are smelted into a molten met-
al in an electric furnace. The molten metal is then trans-
ferred to a converter along with adding a ferronickel
and/or a ferrochrome into the converter in a ratio deter-
mined according to the specific steel to be made (for ex-
ample, 200 or 300 series stainless steel), thereby obtain-
ing an austenitic stainless steel. Since the costforanoble
metal such as nickel is about 40-50% of the total cost for
the stainless steel, the profit of the stainless steel man-
ufacturer is easily affected or even lost due to the price
volatility of the noble metal.

[0003] There has been developed a process for pro-
ducing a stainless steel master alloy by directly smelting
a nickel laterite ore and a chromite ore as raw materials
in an electric furnace or a blast furnace, as disclosed in
Chinese Patent Publication Nos. CN 102212691 A and
CN 101701312 A, so as to save the cost for manufactur-
ing a stainless steel. However, in the process disclosed
in the aforesaid prior art, the nickel laterite ore and the
chromite ore are not pretreated to remove free water and
crystallization water prior to the smelting procedure, and
a relatively great amount of energy is consumed to re-
move water during the smelting procedure. Furthermore,
there are other disadvantages in the process of the afore-
said prior art, such as difficulty in control of the nickel
content in the molten metal, relatively great amount of
impurities, and inferior recovery rate. Additionally, rare
metal such as cobalt usually contained in the nickel lat-
erite ore cannot be extracted and recovered in the proc-
ess of the aforesaid prior art.

[0004] Therefore, the object of the present invention is
to provide a cost-effective method for manufacturing an
austenitic stainless steel from a nickel laterite ore and a
chromite ore.

[0005] According to a first aspect of this invention,
there is provided a method for manufacturing an auste-
nitic stainless steel from a nickel laterite ore and a chr-
omite ore. The method includes steps of:

a) crushing, screening, and blending the nickel lat-
erite ore, followed by roasting the nickel laterite ore
in a rotary kiln to remove free water and crystalliza-
tion water along with charging a reducing agent into
the rotary kiln to obtain a calcine, and smelting the
calcine in an electric furnace to obtain a molten fer-
ronickel;

b) sintering the chromite ore in a sintering device to
obtain a sintered chromite ore, followed by smelting
the sintered chromite ore along with a coke particle
in another electric furnace to obtain a molten ferro-
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chrome;

c) hot charging the molten ferronickel and the molten
ferrochrome into a converter to obtain a molten stain-
less steel; and

d) charging the molten stainless steel into a contin-
uous casting machine to obtain a stainless steel slab.

[0006] According to a second aspect of this invention,
there is provided a method for manufacturing an auste-
nitic stainless steel from a nickel laterite ore and a chr-
omite ore. The method includes steps of:

a) crushing the nickel laterite ore and pulping the
nickel laterite ore with water to form a pulp material,
followed by agitating the pulp material with a sulfuric
acid solution under a high pressure atmosphere to
form a mixture, filtering a leach solution containing
nickel and cobalt out of the mixture, separating the
leach solution by solvent extraction into an extraction
solution containing nickel and an anti-extraction so-
lution containing cobalt, and electrolyzing the extrac-
tion solution and the anti-extraction solution to obtain
pure nickel and pure cobalt, respectively;

b) sintering the chromite ore in a sintering device to
obtain a sintered chromite ore, followed by smelting
the sintered chromite ore in an electric furnace to
obtain a molten ferrochrome;

c) transferring the pure nickel into a converter, and
hot charging the molten ferrochrome into the con-
verter to obtain a molten stainless steel; and

d) charging the molten stainless steel into a contin-
uous casting machine to obtain a stainless steel slab.

[0007] According to a third aspect of this invention,
there is provided a method for manufacturing an auste-
nitic stainless steel from a nickel laterite ore and a chr-
omite ore. The method includes steps of:

a) determining whether a nickel content of the nickel
laterite ore is less than 1.5 wt% based on total weight
of the nickel laterite ore;

b) processing the nickel laterite ore into a nickel-con-
taining precursor based on the determination made
in step a);

c) sintering the chromite ore in a sintering device to
obtain a sintered chromite ore, followed by smelting
the sintered chromite ore along with a coke particle
in an electric furnace to obtain a molten ferrochrome;
d) transferring the nickel-containing precursor into a
converter, and hot charging the molten ferrochrome
into the converter to obtain a molten stainless steel;
and

e) charging the molten stainless steel into a contin-
uous casting machine to obtain a stainless steel slab.

[0008] A method for manufacturing an austenitic stain-
less steel from a nickel laterite ore and a chromite ore
according to a first preferred embodiment of the present
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invention includes steps of:
i) obtaining a molten ferronickel:

The nickel laterite ore is dried in a drying kiln at
adrying temperature ranging from 600 °C to 700
°C to remove free water contained in the nickel
laterite ore from 30-35% to 10-20%. The nickel
laterite ore is then crushed, screened, and
blended, followed by roasting in a rotary kiln at
a roasting temperature ranging from 800 °C to
950 °C to remove residual free water and crys-
tallization water from the nickel laterite ore.
When the nickel laterite ore is roasted in the ro-
tary kiln, a reducing agent such as anthracite
coal is fed into the rotary kiln to obtain a pre-
reduced calcine. The calcine is molten in an
electric furnace to obtain the molten ferronickel.
The tapping temperature of the slag is controlled
in arange from 1550 °C to 1650 °C and the tap-
ping temperature of the molten ferronickel is
controlled in a range from 1400 °C to 1500 °C
so as to obtain a better effect for separating the
slag from the molten ferronickel. The molten fer-
ronickelincludes: 8-15wt% of Ni, less than 4 wt%
of C, less than 2 wt% of Si, and less than 0.06
wt% of P.

ii) obtaining a molten ferrochrome:

The chromite ore (content of Cr,05: less than
62 wt%) is mixed with a coke powder and is
pressed in a ball press machine to form chromite
pellets, followed by drying the chromite pellets
to remove water. The dried chromite pellets are
then sintered in a sintering device at a temper-
ature ranging from 1350 °C to 1450 °C to obtain
a sintered chromite ore having a particle size
less than 30 mm. The sintered chromite ore
along with a coke particle is then molten in an-
other electric furnace to obtain the molten ferro-
chrome. The tapping temperature of the slag is
controlled in a range from 1600 °C to 1700 °C.
The molten ferrochrome includes: less than 60
wt% of Cr, less than 9 wt% of C, less than 5 wt%
of Si, and less than 0.03 wt% of P.

iii) obtaining a molten stainless steel:
The molten ferronickel and the molten ferro-
chrome are transferred into a converter in a hot
charging manner to obtain the molten stainless
steel.

iv) obtaining a stainless steel slab:

The molten stainless steel is charged into a con-
tinuous casting machine to obtain the stainless
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steel slab.

[0009] The aforesaidstepsiii)andiv) canbe conducted
in a manner well known in the art, and thus are not de-
scribed in detail herein.

[0010] The molten ferronickel and the molten ferro-
chrome can be added into the converter in a ratio deter-
mined according to the specific stainless steel to be man-
ufactured. For example, the 202 series stainless steel
contains 4-6 wt% of Niand 17-19 wt% of Cr, and the 304
series stainless steel contains 8-10.5 wt% of Ni and
17.5-19.5 wt% of Cr. When the molten ferronickel ob-
tained in step i) contains 8 wt% of Ni, and the molten
ferrochrome obtained in step ii) contains 50 wt% of Cr,
the 202 series stainless steel can be manufactured by
formulating 65 wt% of the molten ferronickel with 35 wt%
of the molten ferrochrome. When the molten ferronickel
obtained in step i) contains 15 wt% of Ni, and the molten
ferrochrome obtained in step ii) contains 40 wt% of Cr,
the 304 series stainless steel can be manufactured by
formulating 55 wt% of the molten ferronickel with 45 wt%
of the molten ferrochrome.

[0011] Inthe aforesaid preferred embodiment, the mol-
ten ferronickel and the molten ferrochrome are obtained
respectively from the nickel laterite ore and the chromite
ore, the stainless steel of various series can be manu-
factured by formulating the molten ferronickel with the
molten ferrochrome in a specific ratio of the molten fer-
ronickel to the molten ferrochrome, which can be easily
adjusted and controlled according to the specific stain-
less steel to be manufactured. Therefore, the consump-
tion of fuel and electricity can be reduced due to the re-
duction of the repeated melting times, and the manufac-
turing cost can be effectively controlled so as to raise the
profit for the manufacturer.

[0012] A method for manufacturing an austenitic stain-
less steel from a nickel laterite ore and a chromite ore
according to a second preferred embodiment of the
present invention includes steps of:

1) obtaining pure nickel and pure cobalt:

The nickel laterite ore is crushed and pulped with
water to form a pulp material, followed by agi-
tating the pulp material with a sulfuric acid solu-
tion under a high pressure atmosphere to form
a mixture. A solid-liquid ratio of the nickel laterite
ore to the sulfuric acid solution is about 1:4 in
the mixture. The pulp material is agitated with
the sulfuric acid solution under a pressure rang-
ing from 4 to5 MPa and atatemperature ranging
from 250°C to 300°C. A leach solution contain-
ing nickel and cobalt is then filtered out of the
mixture. The leach solution is separated by sol-
vent extraction into an extraction solution con-
taining nickel and an anti-extraction solution
containing cobalt. The extraction solution and
the anti-extraction solution are electrolyzed to
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obtain pure nickel and pure cobalt, respectively.
The purity of the pure nickel is greater than 99
wt%, and the recovery rate of the pure nickel
and cobalt is greater than 90% in the preferred
embodiment.

1) obtaining a molten ferrochrome:

This step can be conductedin amanneridentical
to the aforesaid step ii) in the first preferred em-
bodiment.

Ill) obtaining a molten stainless steel:

The pure nickel is transferred into a convertor
via a belt conveyor, and the molten ferrochrome
is hot charged into the convertor to obtain the
molten stainless steel.

IV) obtaining a stainless steel slab:

This step can be conductedin amanneridentical
to the aforesaid step iv) in the first preferred em-
bodiment.

[0013] When the pure nickel obtained in step ) has a
purity of 99 wt%, and the molten ferrochrome obtained
in step 1) contains 24 wt% of Cr, the aforesaid 202 series
stainless steel can be manufactured by formulating 5 wt%
of the pure nickel, 75 wt% of the molten ferrochrome, and
20 wt% of a carbon steel scrap. The aforesaid 304 series
stainless steel can be manufactured by formulating 9 wt%
of the pure nickel, 76 wt% of the molten ferrochrome, and
15 wt% of a carbon steel scrap.

[0014] In addition to the aforesaid effect achievable in
the first preferred embodiment, in which the stainless
steel of various series can be manufactured by formulat-
ing the pure nickel, the molten ferrochrome, and the car-
bon steel scrap in a specific ratio thereof, valuable pure
cobalt can be obtained in the aforesaid step I) along with
the pure nickel so as to obtain an additional economic
benefit.

[0015] A method for manufacturing an austenitic stain-
less steel from a nickel laterite ore and a chromite ore
according to a third preferred embodiment of the present
invention includes steps of:

A) determining a nickel content of a nickellaterite ore:
When the nickel content of the nickel laterite ore
is determined to be not less than 1.5 wt% based
on total weight of the nickel laterite ore, the fol-
lowing steps are performed.

B) obtaining a molten ferronickel:

This step can be conductedin amanneridentical
to the aforesaid step i) in the first preferred em-
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bodiment.
C) obtaining a molten ferrochrome:

This step can be conducted inamanneridentical
to the aforesaid step ii) in the first preferred em-
bodiment.

D) obtaining a molten stainless steel:

This step can be conducted inamanneridentical
to the aforesaid step iii) in the first preferred em-
bodiment.

E) obtaining a stainless steel slab:

This step can be conducted inamanneridentical
to the aforesaid step iv) in the first preferred em-
bodiment.

[0016] As described above, the molten ferronickel and
the molten ferrochrome can be added into the converter
in a ratio determined according to the specific stainless
steel to be manufactured.

[0017] On the other hand, when the nickel content of
the nickel laterite ore is determined to be less than 1.5
wt% based on total weight of the nickel laterite ore, the
following steps are performed.

[0018] B’) obtaining pure nickel and pure cobalt:

This step can be conducted in a manner identical to
the aforesaid step |) in the second preferred embod-
iment.

[0019] C’) obtaining a molten ferrochrome:
This step can be conducted in a manner identical to
the aforesaid step ii) in the first preferred embodi-
ment.

[0020] D’) obtaining a molten stainless steel:
This step can be conducted in a manner identical to
the aforesaid step lll) in the second preferred em-
bodiment.

[0021] FE’) obtaining a stainless steel slab:

This step can be conducted in a manner identical to

the aforesaid step 1V) in the second preferred em-
bodiment.

[0022] As described above, the stainless steel of var-
ious series can be manufactured by formulating the pure
nickel with the molten ferrochrome along with the carbon
steel scrap in a specific ratio, which can be easily adjust-
ed and controlled according to the specific stainless steel
to be manufactured. Furthermore, other noble metals,
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such as pure cobalt, can be obtained along with the pure
nickel in the electrolytic step. Therefore, the economic
value of the method for manufacturing an austenitic stain-
less steel of the present invention can be further raised.
[0023] Alternatively, in the third preferred embodiment,
both the molten ferronickel and the pure nickel can be
transferred into the convertor, and the molten ferro-
chrome is hot charged into the convertor so as to obtain
the molten stainless steel.

[0024] In the method for manufacturing an austenitic
stainless steel of the present invention, the nickel laterite
ore can be effectively treated to obtain a molten ferron-
ickel or a pure nickel. Therefore, the method for manu-
facturing an austenitic stainless steel of the present in-
vention is relatively flexible and cost-effective as com-
pared to the prior art.

Claims

1. A method for manufacturing an austenitic stainless
steel from a nickel laterite ore and a chromite ore,
said method being characterized by steps of:

a) crushing, screening, and blending the nickel
laterite ore, followed by roasting the nickel lat-
erite ore in a rotary kiln to remove free water and
crystallization water along with charging a re-
ducing agent into the rotary kiln to obtain a cal-
cine, and smelting the calcine in an electric fur-
nace to obtain a molten ferronickel;

b) sintering the chromite ore in a sintering device
to obtain a sintered chromite ore, followed by
smelting the sintered chromite ore along with a
coke particle in another electric furnace to obtain
a molten ferrochrome;

c) hot charging the molten ferronickel and the
molten ferrochrome into a converter to obtain a
molten stainless steel; and

d) charging the molten stainless steel into a con-
tinuous casting machine to obtain a stainless
steel slab.

2. The method for manufacturing an austenitic stain-
less steel as claimed in Claim 1, characterized in
that, in step (a), a roasting temperature of the rotary
kiln ranges from 800°C to 950°C and a tapping tem-
perature of the molten ferronickel ranges from
1400°C to 1500°C.

3. The method for manufacturing an austenitic stain-
less steel as claimed in Claim 1, further character-
ized by steps of pressing the chromite ore with a
coke powder in a ball press machine to form chromite
pellets and drying the chromite pellets to remove wa-
ter prior to step b).

4. The method for manufacturing an austenitic stain-
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less steel as claimed in Claim 1, characterized in
that the sintered chromite ore has a particle size less
than 30 mm.

The method for manufacturing an austenitic stain-
less steel as claimed in Claim 1, further character-
ized by a step of drying the nickel laterite ore in a
drying kiln to remove a portion of the free water prior
to step a).

A method for manufacturing an austenitic stainless
steel from a nickel laterite ore and a chromite ore,
said method being characterized by steps of:

a) crushing the nickel laterite ore and pulping
the nickel laterite ore with water to form a pulp
material, followed by agitating the pulp material
with a sulfuric acid solution under a high pres-
sure atmosphere to form a mixture, filtering a
leach solution containing nickel and cobalt out
of the mixture, separating the leach solution by
solvent extraction into an extraction solution
containing nickel and an anti-extraction solution
containing cobalt, and electrolyzing the extrac-
tion solution and the anti-extraction solution to
obtain pure nickel and pure cobalt, respectively;
b) sintering the chromite ore in a sintering device
to obtain a sintered chromite ore, followed by
smelting the sintered chromite ore in an electric
furnace to obtain a molten ferrochrome;

c) transferring the pure nickel into a converter,
and hot charging the molten ferrochrome into
the converter to obtain a molten stainless steel;
and

d) charging the molten stainless steel into a con-
tinuous casting machine to obtain a stainless
steel slab.

The method for manufacturing an austenitic stain-
less steel as claimed in Claim 6, characterized in
that, in step (a), a solid-liquid ratio of the nickel lat-
erite ore to the sulfuric acid solution is about 1:4, and
the pulp material is agitated with the sulfuric acid
solution under a pressure ranging from 4 to 5 MPa
and at a temperature ranging from 250°C to 300°C.

The method for manufacturing an austenitic stain-
less steel as claimed in Claim 6, further character-
ized by steps of pressing the chromite ore with a
coke powderin aball press machine to form chromite
pellets and drying the chromite pellets to remove wa-
ter prior to step b).

The method for manufacturing an austenitic stain-
less steel as claimed in Claim 6, characterized in
that, in step (b), the sintered chromite ore has a
particle size less than 30 mm.
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A method for manufacturing an austenitic stainless
steel from a nickel laterite ore and a chromite ore,
said method being characterized by steps of:

a) determining whether a nickel content of the
nickel laterite ore is less than 1.5 wt% based on
total weight of the nickel laterite ore;

b) processing the nickel laterite ore into a nickel-
containing precursor based on the determina-
tion made in step a);

c) sintering the chromite ore in a sintering device
to obtain a sintered chromite ore, followed by
smelting the sintered chromite ore along with a
coke particle in an electric furnace to obtain a
molten ferrochrome;

d) transferring the nickel-containing precursor
into a converter, and hot charging the molten
ferrochrome into the converter to obtain amolten
stainless steel; and

e) charging the molten stainless steel into a con-
tinuous casting machine to obtain a stainless
steel slab.

The method for manufacturing an austenitic stain-
less steel as claimed in Claim 10, characterized in
that, when the nickel content of the nickel laterite
ore is determined to be not less than 1.5 wt%, the
nickel-containing precursor is a molten ferronickel,
and step b) is conducted by crushing, screening, and
blending the nickel laterite ore, followed by roasting
the nickel laterite ore in a rotary kiln to remove free
water and crystallization water along with charging
a reducing agent into the rotary kiln to obtain a cal-
cine, and smelting the calcine in another electric fur-
nace to obtain the molten ferronickel.

The method for manufacturing an austenitic stain-
less steel as claimed in Claim 11, characterized in
that in step b), a roasting temperature of the rotary
kiln ranges from 800°C to 950°C and a tapping tem-
perature of the molten ferronickel ranges from
1400°C to 1500°C.

The method for manufacturing an austenitic stain-
less steel as claimed in Claim 11, further character-
ized by a step of drying the nickel laterite ore in a
drying kiln to remove a portion of the free water prior
to step b).

The method for manufacturing an austenitic stain-
less steel as claimed in Claim 10, characterized in
that, when the nickel content of the nickel laterite
ore is determined to be less than 1.5 wt%, the nickel-
containing precursor is pure nickel, and step b) is
conducted by crushing the nickel laterite ore and
pulping the nickel laterite ore with water to form a
pulp material, followed by agitating the pulp material
with a sulfuric acid solution under a high pressure
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15.

16.

17.

18.

atmosphere to form a mixture, filtering a leach solu-
tion containing nickel and cobalt out of the mixture,
separating the leach solution by solvent extraction
into an extraction solution containing nickel and an
anti-extraction solution containing cobalt, and elec-
trolyzing the extraction solution and the anti-extrac-
tion solution to obtain pure nickel and pure cobalt,
respectively.

The method for manufacturing an austenitic stain-
less steel as claimed in Claim 14, characterized in
thatin step b), a solid-liquid ratio of the nickel laterite
ore to the sulfuric acid solution is about 1:4, and the
pulp material is agitated with the sulfuric acid solution
under a pressure ranging from 4 to 5 MPa and at a
temperature ranging from 250°C to 300°C.

The method for manufacturing an austenitic stain-
less steel as claimed in Claim 10, characterized in
that

when the nickel content of the nickel laterite ore is
determined to be not less than 1.5 wt%, the nickel-
containing precursor is amolten ferronickel, and step
b) is conducted by crushing, screening, and blending
the nickel laterite ore, followed by roasting the nickel
laterite ore in a rotary kiln to remove free water and
crystallization water along with charging a reducing
agent into the rotary kiln to obtain a calcine, and
smelting the calcine in another electric furnace to
obtain the molten ferronickel;

when the nickel content of the nickel laterite ore is
determined to be less than 1.5 wt%, the
nickel-containing precursor is pure nickel, and step
b) is conducted by crushing the nickel laterite ore
and pulping the nickel laterite ore with water to form
a pulp material, followed by agitating the pulp mate-
rial with a sulfuric acid solution under a high pressure
atmosphere to form a mixture, filtering a leach solu-
tion containing nickel and cobalt out of the mixture,
separating the leach solution by solvent extraction
into an extraction solution containing nickel and an
anti-extraction solution containing cobalt, and elec-
trolyzing the extraction solution and the anti-extrac-
tion solution to obtain pure nickel and pure cobalt,
respectively; and

in step (d), the nickel-containing precursor trans-
ferred into the converter includes the molten ferron-
ickel and the pure nickel.

The method for manufacturing an austenitic stain-
less steel as claimed in Claim 10, further character-
ized by steps of pressing the chromite ore with a
coke powderin aball press machine to form chromite
pellets and drying the chromite pellets to remove wa-
ter prior to step c).

The method for manufacturing an austenitic stain-
less steel as claimed in Claim 10, characterized in
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that in step c), the sintered chromite ore has a par-
ticle size less than 30 mm.
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