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The 1nvention relates To a method for the

pre——
—

manufacture of ferrochrome alloyv.

Sl1licon carbide 1s frequently used as a re-

ducing agent which can be employed 1n metallurgical

processes such as smelting.

FEP 1 274 870 Bl relates to a smelting pro-

cess, wherein ferrochrome alloy 1s manufactured by

adding carbide to material containing chromium and

1ron as oxldes.

us 4,5/0,03/ relates to a process for the

preparatlion oO:

alloys from pellets. The pellets com-

prise oxide, carbonaceous reducing agent and/ or car-

bides.

pr—

Object of the present 1nvention 1s to provide

pre——

an 1mproved method for the manufacture of ferrochrome

alloy which 1s characterised by high recovery o:

and chromium.

pr——

pre——

- 1ron

It has been surprisingly found that the pres-

ence of silicon carbide in green/ wet pellets (sinter-

1ng feed) 1s advantageous for the manufacture o:

tered pellets (sintering process) and the manu:

pre——

of the corresponding alloys (smeltlng process).

—

During sintering, a slight oxidation o:

con carbide generates heat 1nsilide the pellets

"hermic reactions: C — C0O, and S1 — S10;) and,

pr—

—

- S1n-—

"acture

s111-

(ex0o-—

"here-

fore, no addition of carbon 1s needed for the sinter-

1ng process. In other words, no extra carbon 1s needed
1n the pellets when silicon carblde 1s wused. The
amount of fuel (e.g., butane) used for sintering 1s

—

much lower due to the occurrence of sald exothermic

pr——

reactions. Further, the metallisation of 1ron 1s low

(usually less than 4 %) and 1n particular the reduc-

—

tion of chromlum during silntering 1s negligible.

—

Hence, the utilisation of chromite ore 1s 1mproved and

energy consumption 1s decreases which saves natural
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pr—

resources such as ore, fossil fuel and energy. It

should be also emphasised that the compressive

—

strength of sintered pellets was on average hilgher

than the pellets without silicon carbide. Even fur-

—

ther, the loss of silicon carbide 1s small durilng the

sintering process. Therefore, silicon carbide 1s still

left 1n the sintered pellets; sald unused silicon car-

blde supports reduction processes during smelting.

pre——

By the use of si1licon carbide, high grade

sintered pellets are produced which display good

pr—

smelting characteristics. The chromium content of slag

pre——

1n the smelting of the sintered pellets without si1li-

—

con carbide 1s much higher compared to that of the

pr—

sllicon carbide pellets. Thus, the presence of silicon

carbide 1n the sintered pellets decreases the chromium

pre——

content 1n slag. Further, the recovery of chromium and

lron was consliderably higher when pellets contailning

sllicon carbide were used. As outlined here above, the

—

oxldation of silicon carbide 1s exothermic (heat ener-

gy 1s released). Hence, less external reducing agent

—

such as coke or metallurgical coke 1s needed for

smelting. Therefore, less fossil fuel 1s needed and

pr——

the consumption of natural resources 1s reduced. Fur-

—

ther, the presence of silicon carbide 1ncreases the

electrical reslstance 1n the smelting feed, which 1n

pr—

curn  decreases the consumption o electric enerqgy

whilich 1n turn saves raw materials.

For the purpose of this description, the

terms Y“ferrochrome alloy” and Ysilicon carbide” are

abbreviated as “FeCr” and “SiC”, respectively.

pre——

A first aspect of the i1nvention relates to a

pr—
-

process for the manufacture of ferrochrome alloy com-

prising the steps

a) providing a pelletising feed, whereiln

the pelletlising feed comprises

— chromite ore and
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- si1ilicon carbide as the only carbona-

ceous material and the only reducing

agent;

b) pelletising the pelletising feed to
obtain pellets;
c) silintering the pellets to obtaln sin-
tered
pellets;
d) mixing the sintered pellets with exter-

nal

reducing agent to obtaln smelting feed; and

e) smeltling the smelting feed.

Preferably, the pelletlising feed contalns

— chromite as the only metal ore and

- si1licon carbide as the only carbonaceous

material and the only reduciling agent.

—

For the purpose of this description, the term

“silicon carbide as the only carbonaceous material”

means that the pelletising feed contalns silicon car-

pr——

bide as the only source of carbon; 1n other words, the

pelletising feed does not contain any other carbona-

ceous material but silicon carbide. Similarly, the

term “silicon carbide as the only reducing agent”

means that silicon carbide 1s the only reducing agent

1n the pelletising feed; 1n other words, the pelletis-

1ng feed does not contaln any other reducling agent but

slilicon carbide. Further, the term “carbonaceous mate-

pr——
—

rial” stands for any compound serving as a source of

elemental carbon which can undergo oxidation to carbon

dioxide 1n metallurgilcal processes such as smeltiling.

Typical examples for carbonaceous materlal are car-

pre——
—

bides, char, coal, and anthracite. For the purpose of

this description, the term “chromite as the only metal

ore” means that chromite 1s the only metal ore 1n the

pelletising feed; 1n other words, the pelletising feed
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does not contain any other metal ore but chromite.

Further, the term “pelletlising feed” stands preferably

for a solid mixture which serves as starting material

—

(raw material) for the manufacture of pellets 1n the

pelletising plant; the obtained pellets are subse-
quently processed 1n a sintering plant to produce sin-

tered pellets which 1n turn serve as starting material

for the smelting process to obtaln FelCr.

pre——
—

Preferably, the pelletising feed consists of

— chromite as the only metal ore,

— s1licon carbide as the only carbona-

ceous material and the only reduc-
1ng agent, and

— binding agent.

With respect to the pelletising feed, the

— 77

term “consist of” means that the pelletising feed con-

pr——

sists of the mentioned components only and, hence, the

pre——

presence of any addilitional component 1s excluded. In

p—

other words, the percentages of the components chro-

mite, silicon carbide, and binding agent add up tO
100%.

Preferably, the pelletising feed 1s a solid

mlxXxture such as a ground powder.

The pelletising feed contains preferably 4-20

wt—-% S1C, more preferably 4-15 wt—-% S1C, even more

preferably 4-7 wt-% S1C, most preferably 4-6.5 wt-%
S1C, and 1n particular ©6x0.5 wt-3% S1C. Typically, the

pelletising contalns 6 wt—-% SiC.

The pelletising feed may contaln fluxing
agents, such as llimestone, dolomite, quarts, guartz-

pre——

1te, calclite or wollastonilite or any mixXture thereof.

The fluxing agents dquartzite or calcite or any mixture

—

thereof are preferably used. In a preferred embodi-

ment, the pelletising feed does not contain any flux-

1ng agent and, hence, the pellets and sintered pellets
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p—

do not contailn any :

PCT/EP2011/070133

uxing agent either. In thils case,

sultable fluxing agents may be added later to obtailn

the respective smelting feed.

Preferably, the pelletising feed contains

binding agent. The binding agent 1s preferably benton-

1te, 1n particular activated bentonite such as sodium-

activated calcium bentonite.

The pelletising feed contailins preferably

3 Wt—-%, more preferably 0.75-2.5 wt—-%, even more pref-

0.o-

pre——

erably 1-2 wt-%, most preferably 1.2x0.3 wt—-% and 1n

particular 1.2 wt—-% binding agent such as bentonite or

sodium—activated calcium bentonite.

—

The water absorption capacity of the benton-

1te such as sodium—-activated calcium bentonite 1s

preferably 500-750%, more preferably 550-700%,

even more preferably 0600-050%.

pre——

and

The average particle si1ze of the Dbentonite

such as sodium-actilivated calcilum bentonite 1s prefera-
bly 2.5-5 um (d50%), more preferably 3-4 uyum (do50%),

even more preferably 3.7x0.0 pm (do0%), and most pref-

erably 3.7 uym (d50%) .

pre——

pre——
p—

The specific surface area of the bentonite

such as sodium—activated bentonite 1s preferably 20-30

m?/g, more preferably 24-27 m?/qg, even more preferably

26+0.3 m?/g, and most preferably 25.9 m?/g.

The binding agent such as bentonite or sodi-

pre——
—

um—activated calcium bentonite displays a loss o:

p—

- 1g-

nition of preferably 7-13%, more preferably 10-11.5%,

and even more preferably 10.8%.

Preferably, the chromite and Si1C have a

pre——

ticle size distribution of 60-90% below 200 mesh,

preferably 75-85% below 200 mesh, and even more pref-

erably 80% below 200 mesh.

—

S1C has a particle size distribution of pref-

par-

more

—
-

pre——
—

erably 70-80% below 74 pum, more preferably 75x2% below

/4 pm, and even more preferably 75% below 74 pum. In

another preferred embodliment, S1C has a particle

s]lze
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—

distribution of preferably 70-80% below 74 pm and 40-

00% below 37 pm, more preferably /5x2% below /74 pm and

45 to o05% below 37 um, and even more preferably 75%

below 74 pm and 50% below 37 um.

pre——
h—

Chromlite has a particle size distribution of

preferably 70-90% below 74 pum, more preferably 75-90%

below 74 pm, even more preferably 79-85% below 74 pum.

In another preferred embodiment, chromlite has a parti-

pre——

cle silze distribution of preferably 70-90% below 74 pum

and 40-00% below 37 um, more preferably 75-90% below

74 pym and 45 to 55% below 37 um, and even more prefer-
ably 79-85% below 74 um and 47/-54% below 37 pum.

The pelletising feed may be manufactured ac-

cording to a process comprilising the steps

— providing chromite, silicon carbide,

and binding agent,

— mlxlng sald components.

—
-

Preferably, the chromite 1s 1n the form of

chromite concentrate from a benefiliciation plant. In a

preferred embodiment, chromite 1s the only metal ore

provided; 1.e., no other metal ore 1s added to the

pelletlising feed. In another preferred embodiment, the

only carbonaceous material and reducing agent added to

the pelletising feed is silicon carbide; i.e., no oth-

er carbonaceous material such as coal, char or anthra-

clte 1s added to the pelletising feed.

Preferably, each component - 1.e., sllicon

carbide, binding agent, chromite - 1s added 1ndividu-

pre——
—

ally 1n order to achleve an optimal homogenisation of

the process mixtures.

pr—

In a preferred embodiment, the mixing of com-

ponents takes place before, during or after a grindilng

step.

Preferably, the silicon carbide 1s dosed 1n

relation to the chromilite or chromilite concentrate. Typ-

1cally, silicon carbide 1s fed to the chromite before
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grindling and, hence, the chromite and sillicon carbilde

are preferably ground together. Feeding the silicon

carblide before the grinding 1s advantageous for the

sintering process because 1n this way the silicon car-

bilde 1s evenly spread 1n the obtalned pellets. Howev-

pr—

er, the grinding of the single components can also be

carrled out separately, and the separately ground com-

ponents are preferably mixed with each other after the

grinding step. It 1s also possible, to grind any milx-

pre——

ture of components and/ or any single component sepa-

rately, and the separately ground mixtures and/ or

single components are preferably mixed with each other

after grinding.

Dependling on the particle size distribution

—

of the binding agent, the bindling agent such as ben-

tonite or sodium—activated calcium bentonite 1s added

to the process mixture eilther before or after grind-

1ng. In case that 1t 1s added after the grinding, the

—
-

process milxture can be homogenlised with a mixer, pref-

erably a twlin-shell mixer.

Preferably, bilinding agent such as bentonilte

Oor sodium—activated calcium bentonite 1s added to the

pre—— pre——

pelletising feed 1n an amount of 7-12 kg per tonne of

chromite concentrate.

In the grinding circult the process mixture

pre——

1s preferably wet ground. The wet grinding takes pref-

erably place in a ball mill, more preferably in a ball

mill 1n open circult (wilithout recvycling). The purpose

pre——

of grinding 1s to mill the pelletising feed to a par-

ticular particle size and obtain a specilfied particle

slze dilstribution, which 1s suiltable for pelletising

and for sintering.

Preferably, the process mixture 1s ground un-

t1l the following particle size distribution 1s ob-

talned:

Sleve passing Reference
200 mesh (/4 um) 30—-82%




WO 2013/071955

10

15

20

29

30

m1 ]

L.

CA 02851287 2014-04-07

PCT/EP2011/070133
3
300 mesh (53 pum) 65-72%
400 mesh (37 pum) 50-58%
< 1 um < 2%, preferably
< 1%

pr—
—
—

The mill 1s pre:

erably an overflow type ball

Preferably, the slurry density during the grind-

1ng process 1s kept cons

pre

SO

cant. The slurry density 1s

ferably 2.15-2.25 kg/dm®> which corresponds to a

11ds

content of /0-72

wt—-%. Preferably, the mil:

power 1s measured during the grinding process. Usual-

Ly,

gy redquilirement

has

Pre

into the mill]

cach process mixture has a speclfilc grindlng ener-

an 1nfluence on the

ferably,

(generally expressed as kWh/t) which

feed rate and mill power.

pr—

grinding balls of specified size are added

to obtaln the requlred power 1nput and

pr—

the desired particle si1ze distribution of the pellet-

1s1ng

1ng the feed rate of the materials to be ground. Pref-

erably, the oversize of

pre——

—

grinding.

feed. The parameters can be optimised by adjust-

pre——
—

p— e~

>? mm 1s filtered o after

The ground pelletising feed 1s usually ob-

—

talined 1n the form of slurry which 1s preferably de-

watered a:

such as capilllary disc

slurry to obtain a

pre——

OL

erably 7-11 wt-%,

pre

pends on the characteristics o

cess mixture and slurry

the

In a preferred

"ter the grindilng process.

embodiment, ceramic filters

filters are used to dewater the

filter cake. The molsture content

filter cake 1s pre:

ferably 8.5-9.7 wt-%,

wL.—%.

"erably /-16 wt—-%, more pref-

even more preferably 8-10 wt—-%, most

and 1n particular 9.3-9.7

pre——

Tyvpically, the capacity of each filter de-

—

the concentrate, pro-

(e.g., particle size distribu-

c1on and temperature) and on the surroundlng condl-

tions like altitude. Preferably, the filters are run

seml-continuously. Before

the process mixture 1s en-
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tering the filtering process, 1t 1s preferably i1ntro-

duced to a slurrv-mixing tank. Typically, the slurry-

mixing tank works as a surge tank between the mill and

the filters, and 1t can even balance deviatilions 1n the

mill feed and operation, and 1t can thoroughly mix the

—

pre——

slurry. The homogenelty of the slurry 1s I1mportant for

the pelletlsing and sinterling processes.

pr—

the agltation power of the tank 1s about

Preferably,
1 kW/m?® to

keep the slurry 1n proper suspension. Preferably, the

pre——

agltator of the tank operates 1n such way that even

pr—

the heavy chromite particles o 0.3 mm as well as

lighter particles are kept 1n uniform suspension even

1n a full tank. The agiltator 1s preferably equilpped

wlith a variable speed drive so that the agitatlion pow-

er can be controlled according to the slurry level 1n

the tank.

Preferably, bindling agent such as bentonite

or sodlum—-actilivated calcium bentonite having a sulta-

ble particle size distribution 1s added to

pre——

the filter

cake after the filtering of the process mixture.

Preferably, the filter cake, binding agent

(such as bentonite or sodium—-activated calcium benton-

1te) and the optional fluxing agent are stored 1n pro-

portioning bins. The filter-cake proportioning bins

are preferably equipped with disc feeders

pre——

CO measure

and control the feed of material to the mixing pro-

cess. Usually, all feeders are used durilng

normal op-

eration to keep the material flowlng 1n the propor-

tioning bins. Preferably, screw feeders with welghing

belts or loss—-1n-welght feeders are used

1te. Typically, each feed material (filter

tonite and optional fluxing agent) 1s p

separately. The optional fluxing agent may

for benton-

cake, ben-

roportioned

be fed 1n

proportion to the principal filter cake flow.

Usually, the proportioned materials (filter

cake, bentonite and optional fluxing agent)

a mixer and well mixed before pelletising.

are fed to

The mixer
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preferably contalns a rotating mixing pan which 1s

typlcally equipped wlth two high-speed rotors. Prefer-

ably, the level 1n the mixer 1s kept constant by con-

pr—

trolling the opening of the discharge gate. Prefera-

bly, the mixer 1s kept as full as practicable (fi1lling
degree about 80%) for efficient mixing. Usually, the

pre——

amount of required binding agent (e.g., bentonite or

sodium—activated calcium bentonite) depends on the

mixX1ng power.

In a preferred embodiment, chromlite 1s the

only metal ore present; 1.e., no other metal ore 1s

added during the mixing and/ or grinding process. In

another preferred embodiment, the only carbonaceous

material and reducing agent present 1s silicon car-

bide; 1.e., no other reducing agent and carbonaceous
material such as coal, char or anthracite 1s added

during the mixing and/ or grinding process.

Preferably, the obtained mixture (pelletlising

feed) 1s provided to a pelletising drum to form pel-
lets.

As outlined here above, the pelletising feed

pr——
—

1s used to obtain sintering feed 1s 1n the form of

pellets.

—

For the purpose of this description, the term

“sintering feed” means the pellets, preferably Jgreen

pellets (wet pellets), forming the starting material

pr——

(raw material) for the manufacture of sintered pellets

which usually takes place 1n the sintering plant; the

sintered pellets 1n turn serve as starting material

(smelting feed) for the smelting process to obtailn
FeCr.

Preferably, the pellets (sintering feed) con-

tain chromite as the only metal ore; 1.e., the sinter-

1ng feed does not contain any other metal ore but

chromite ore. In another preferred embodiment, the

pellets contain silicon carbide as the only carbona-

ceous material and the only reducing agent; 1.e., the
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pellets do not contain any other carbonaceous materila.

and reducilng agent but silicon carbide.

S1C 1s contalned 1n the pellets (sintering

—

feed) because said S1C 1s a component of the pelletis-

1ng feed from which the pellets are obtained. The SiC

contalned 1n the pellets 1s hereln also referred to as

“Internal reducing agent”.

—
-

In a preferred embodiment, the pellets, pref-

pre——

erably green pellets (wet pellets), consist of the

pelletising feed according to the 1nvention.

With respect to the pellets, the term “con-

sist of” means that the sintering feed consists of the

pre——
—

pelletising feed only and, hence, the presence of any

additional component 1s excluded. In other words, the

pelletising feed amounts to 100%. Hence, the pellets

contain S1C as the only carbonaceous material and the

only reducing agent.

—

The pellets have a pellet size of preferably

d—16o mm, more preferably 10-14 mm, even more prefera-

bly 121 mm, and most preferably 12 mm.

—
e

The pellets are preferably 1n the form of

green pellets (wet pellet). The pellets can also be 1n

pr—— pr——

the form of dried pellets or 1n form of any mixture

contalning dJgreen pellets (wet pellets) and drilied pel-

lets. However, sintering feed 1s typilcally 1n the form

pre——

of green pellets (wet pellets).

pr—

The molsture content of the wet pellets

(green pellets) 1s preferably 7-16 wt—-%, more prefera-

Q

bly 7-11 wt—-%, even more preferably 7-10 wt-%, most

Q

preferably 8-10 wt—-%, and 1n particular 9-10 wt-%.

—

The compressive strength of the green pellets

is preferably 1-3 kg/pellet, more preferably 1.2-2.8

kg/pellet, and even more preferably 1.2-2.1 kg/pellet.

—

The compressive strength of the dried pellets

is preferably 5-15 kg/pellet, more preferably 5.5-14

kg/pellet, and even more preferably 7-14 kg/pellet.
Tyvpically, the dried pellets are obtained by drvying
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the green pellets to constant welght 1n a cabinet dry-

er, preferably at elevated temperature (e.g. 100-150
°C) and atmospheric pressure, negative pressure or
vacuum.

pr——

The density of the dried pellets 1s prefera-

bly 3t1 g/cm?®, more preferably 2.8 to 3.4 g/cm?®, even

more preferably 3 to 3.3 g/cm?®, and most preferably 3
to 3.25 g/cm?.
Tyvpically, pellets are obtalined by feeding

—

the pelletlising feed to a pelletising drum of a

pelletising plant.

The discharge from the pelletising drum 1s

preferably screened 1n a roller screen located under

pr—

the discharge end of the pelletising drum. Usually,

the oversilize lumps are crushed and returned with the

screen undersilize as a recvycling load back to the

pr—

pelletising drum. Green pellets of the desired size

are preferably dropped on a belt conveyor feeding to

the shuttle feeder of the sintering furnace. The rates

pre——

of product dgreen pellets and recycling fines can be

welghed. In normal operation the recycling 1load 1s

pr— pr—

preferably about two and a half times that of the

product.

As outlined above, the pellets (sintering

feed) are used as starting material for the manufac-

pre——

cure of sintered pellets. Hence, the sintered pellets

are derived from the pellets, preferably wet/ green

pellets as defined above.

pr——
—

Preferably, the sintered pellets consist of

the pellets (sintering feed) as deflned above; 1.e.,

the sintered pellets are derived from the pellets

(sintering feed) only (no other additilves are added);

—

1n other words, the amount of green pellets (sintering

pre——

feed) represents 100% of the sintered pellets.

Preferably, the sintered pellets contaln

chromite ore as the only metal ore; 1.e., the sinter-

1ng feed does not contain any other metal ore but
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chromite ore. In another preferred embodlment, the

sintered pellets contain S1C as the only carbonaceous

material and the only reduclng agent; 1.e., the sin-

tering feed does not contaln any other carbonaceous
material and reducing agent but SicC.
S1C 1s contalned 1n the sintered pellets be-

pre——

cause sald S1C 1s a component of the pellets (sinter-

1ng feed) from which the sintered pellets are derived.

The Si1C contained 1n the sintered pellets 1s hereiln

also referred to as “internal reducing agent”.

Due to the sintering conditions, the compo-

nent S1C can undergo oxilidation as the green pellets

(sintering feed) are sintered. According to the 1nven-

tion, tTthe sintered pellets still contain Si1C after

—

completion of the sinterling process. n other words,

the S1C present 1n the Jgreen pellets (sintering feed)
1s only partially oxidised during the sintering pro-
cess.

The sintered pellets according to the 1nven-

tion contain preferably =2 25%, more preferably =2 30%,

even more preferably 2 40%, most preferably 2 50%, and

in particular 2 60% residual carbon.

In another preferred embodiment, the sintered

pellets contain preferably 10-100%, more preferably

20-100%, sti1ll more preferably 30-100%, still more

preferably 40-100%, most preferably 50-100%, and 1n
particular ©0-100% residual carbon. The sintered pel-
lets may also contain 70-100%, 80-100%, 90-100% or
even 95-100% residual carbon.

pr—

For the purpose of this description, the term

pre——

“resldual carbon” means the percentage of oxldisable

carbon left 1n the sintered pellets 1n relation to the

pre——

1nitial amount of carbon present 1n the pellets (sin-

tering feed) or pelletising feed. It can be calculated

according to the following formula:

[C]R — [C]S / [C]F x 100%, where
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([ Clr: residual carbon;
(Clg: amount [wt—-%] of carbon 1n The sin-

tered pellets;

ClF: amount WL—-%] of carbon 1n the
5 pelletlising feed or sintering feed.

vV

The sintered pellets contaln preferably

25%, more preferably =2 30%, even more preferably =2

40%, most preferably 2 50%, and 1in particular =2 60%
10 residual SiC.

In another preferred embodlment, the sintered

pellets contain preferably 10-100%, more preferably

20-100%, sti1ll more preferably 30-100%, still more

preferably 40-100%, most preferably 50-100%, and 1n

15 particular 60-100% residual S1C. The sintered pellets
may also contain 70-100%, 80-100%, 90-100% or even 95b-
100% residual SiC.

pr—

For the purpose of this description, the term

—

“residual S1C” means the percentage of S1C left 1n the

pre——
—

20 sintered pellets 1n relation to the 1nitial amount of

S1C present 1n the pellets (sintering feed) or pellet-

1s1ing feed. It can be calculated according to the fol-

lowing formula:

[S1iC]r = [SiC]ls / [SiCls * 100%, where
25 [S1C]Rr: residual SiC;
[S1C] s amount [wt—-%] of Si1C 1n the sintered
pellets;

pr—

[S1C]F: amount [wt—-%] of S1C 1n the pellet-

1s1ng feed or sintering feed.

30
The total porosity of the sintered pellets 1s
preferably 15-55 vol-%, more preferably 20 to 50 vol-
%, even more preferably 30 to 48 vol-%, most prefera-
bly 34-45 vol-%, and 1n particular 35.5-41.5 vol-5%.
35 The sintered pellets have a pellet size of

preferably ©-16 mm, more preferably 10-14 mm, even

more preferably 12 £ 1 mm, and most preferably 12 mm.
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pr—

The compressive strength of the sintered pel-

lets 1is preferably 2 200 kg/pellet expressed as Fiomm.

The compressive strength Fioomm can be calculated ac-

cording to the following formula:
5 Fiomm = (12 / D)2 * Fp, where

pre——

D: measured dilameter of the pellet [mm];

pre——

12: reference diameter of the desired pellet

[ mm ] ;

FD: the measured compressive strength of the
10 pellet [kg/pellet].

pre——

The abrasion resistance of the sintered pel-

lets measured after 8 minutes 1s preferably 2-8% <5 mm

and 2-8% <0.59 mm, more preferably 3-7% <50 mm and 3-7%

15 =<0.59 mm, even more preferably 4-6% <5 mm and 4-6%
<0.59 mm, most preferably 4.5-5.5% <5 mm and 4.5-5.5%
<0.59 mm, and in particular 4.9% <5 mm and 4.9% =<0.59.

—

The abrasion resistance of the sintered pel-

lets measured after 32 minutes 1s preferably 5-11% <5

20 mm and 5-11% =<0.59 mm, more preferably 6-10% <5 mm and

6-10% =0.59 mm, even more preferably 7-9% <5 mm and 7-
9% =0.59 mm, most preferably 7.5-8.5% <5 mm and 7.5-
8.5% =20.59 mm, and in particular 7.8% =<5 mm and 7.8%

<0.59 mm.

25 The abrasion resistance of the sintered pel-

pr—

lets measured after 90 minutes 1s preferably 10-16% =<5
mm and 10-16% =<0.59 mm, more preferably 11-15% <5 mm

and 11-15% =<0.59 mm, even more preferably 12-14% <5 mm
and 12-14% =<0.59 mm, most preferably 12.5-13.5% =<5 mm

30 and 12.5-13.5% =20.59 mm, and in particular 12.8% <5 mm
and 12.8% <0.59 mm.

The abrasion resilistance 1s measured 1n ac-

cordance to the modified Tumbler Test.

—

The true density of the sintered pellets 1s

35 preferably 3-5 g/cm®, more preferably 3.5-4.5 g/cm?,

and most preferably 3.8-4.1 g/cm?.
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pr—

The closed porosity of the sintered pellets

1s preferably 7-10%, more preferably 8-9%, and most

preferably 8.4%.

pr—

The volume weight of the sintered pellets ac-

cording to the invention 1s preferably 1 to 3 g/cm?,

more preferably 1.4 to 2 g/cm®, and most preferably
1.8 g/cm?.

The roller angle of the sintered pellets ac-

cording to the invention 1is preferably 20-40°, more

preferably 25-35°, even more preferably 28-32°, and

most preferably 29.5°.

g

the sintered

The hot loading temperature o
pellets is preferably 1218°C T-1%, 1263°C T-2%, 1292°C
T-3%, 1313°C T-4%, 1330°C T-5%.

In a preferred embodiment, a shrinkage of 5%

pr——

occurred in the range of 1330 to 1350°C, which is an

optimal value for smelting.

The sintered pellet 1s characterised by a

pr—— pre—— pre——
p—

metallisation of chrome of preferably < 5%, more pref-

erably < 4%, still more preferably < 3%, still more

preferably < 2%, most preferably < 1%, and 1n particu-

—
-

lar < 0.5% with respect to the 1nitial total amount of

chrome 1n The chromite ore.

The sintered pellet contains preferably < 1

wt—-%, more preferably < 0.75 wt—-%, even more prefera-

bly < 0.5 wt—-%, most preferably < 0.25, and 1n partic-

ular < 0.2 wt—-% metallic chrome.

The sintered pellet 1s characterised by a

pre—— pre—— pre——
h—

metallisation of 1ron of preferably < 35%, more pref-

erably < 30%, even more preferably < 25%, most prefer-
ably < 21%, and 1n particular < 15%.

The sintered pellet according to the 1nven-

tion contalns preferably < 10 wt-%, more preferably <

/7.5 wt—-%, even more preferably < 5 wt—-%, most prefera-

bly < 4 wt-% and 1n particular < 3.7 wt—-% metallic

1ron.
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Typically, the sintered pellets are obtained

1n a silntering plant (sintering furnace) by heating

the Jgreen pellets (sintering feed) to 1nduce sinter-

1ng. The pellets are preferably conveyed by a steel

5 Dbelt through the sintering furnace.

The steel belt 1s preferably used as an end-
less conveyor belt to transport the sintering feed

through the stages of the sintering furnace. Thls pro-

cess 1s also known as Outotec’s steel belt sintering

10 process (SBS).
The pellets (sintering feed) are heated to a

maxlimum sinterling temperature of preferably 1250- 1500
°C, more preferably 1300-1450 °C, and most preferably

1350-1420 °C.
15 The sintering furnace 1s preferably a multili-

compartment oven through which the green pellets are

carrlied on a perforated steel convevor belt. Prefera-

pr——

bly, a counter—-current flow of cooling gases carrles

waste heat from sintered pellets to those entering the

20 front-end compartments. Typlcally, gases are sucked

and cooliling air blown through wind-boxes located under

the convevor belt. Preferably, sintered pellets (sized

product pellets) are used as bottom laver on the steel

belt to protect 1t from too high temperatures.

25 The pellets forming the bottom laver can be

fed to the conveyor belt from a bottom-layer feed bin

pre——

located at the feed-end of the sintering furnace. The

pr—

thickness of the bottom laver 1s preferably 180-250
mm,; the thickness typically depends on the feed rate

30 and experience of the operators. The bottom laver may

be even thicker than 250mm, e.g. during commissioning

and heating-up phases.
Preferably, the green pellets are fed to the

pre——
—

sintering furnace by a feedlng system consisting of a
35 shuttle feeder and a roller feeder provided with a
wlde feeder belt. The roller feeder preferably spreads

the pellets onto the bottom layer pellets and the sys-
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preferably adjusted to

pre——

furnace.

more
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preferably 450

form the dJgreen pe.

let

Total bed thickness of
the bottom layer and green pellet laver 1s pre:
fixed to 400-500 mm,

Imin .

"erably

The

thickness of the green pellet bed may depend on the

respective bottom lavyer.

green pellet laver 1s thus pre:

the form of a steel belt)
sintered through the di

process 1n the sintering

lLow.

drving compartment as the

The nominal thickness

for

"erably about 250 mm.

the

Preferably, the conveyor belt (preferably 1n

—

The sintering

furnace,

first stage.

pre——

transports the pellets to be
"erent stages of the sintering

as outlined here be-

furnace typlcally comprises a

In the drying

compartment, hot gas which 1s preferably re-circulated
from the third cooling zone can be sucked through the
bed and, as a consegquence, the bed starts to dry. The

pr—

temperature of the drying Jgas

1s preferably 320-400

°C. Sald temperature may be controlled by adjusting

the coollng—-ailr

Typically,

the drying compartment.

located 1n the bypass line 1s used

control.

The sintering

prises a heating compar

the heating compartment,

re—clrculated

extra recycle gas

Pre

LITET

Ve

ferably,

furnace typically

adS

18

"he second s

hot gas which 1s pre:

a bypass

cage.

flow through the thilird coollng zone.
conducted to bypass
damper

for the temperature

further com-

In

"erably

from the second cooling zone 1s usually

sucked through the bed to 1i1ncrease the bed tempera-

ture. The bed 1s pre:
that the carbon

(stemming

from S1C)

let bed 1gnites to commence sintering reactions.

temperature of the heating gas 1s pre:

°C. Pre

—

ferably, the heat 1s obtained by burning

"erably heated to a temperature

1n the Jgreen pel-

The

"erably 1000-1150

fuel

gas 1n a burner located 1n the circulating gas duct.

Further, the sintering

furnace typilcally com-

prises a slntering compartment as the third stage to
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obtain sintered pellets. In the sintering compartment,

hot gas which 1s preferably circulated from the first

cooling zone 1s usually sucked through the bed. The

—

temperature of the bed 1s preferably 1ncreased to the

sintering temperature, which depending on the mineral-

pr——

ogy may be 1250-1500 °C. The temperature of the sin-

tering gas 1is preferably 1250-1500 °C, more preferably
1300-1450 °C, and most preferably 1350-1420 °C. Pref-

erably, the heat necessary for the sintering stage 1s

obtained by burning fuel gas 1n a burner 1like 1n the

heating stage.

Preferably, tThe process gases are separately

taken out from each front-end zone to control the sin-

tering temperature, pressure and gas flow profiles 1n

the sintering "urnace. Typlically, the gases are

cleaned 1n wet (e.g., cascade type) scrubbers. The gas

flows may be adjusted by controlling (e.g., manually

—

controlling) the speed of the o

—

—gas fans.

In a preferred embodiment, the sintered pel-

lets are cooled 1n several consecutive coollng com-

partments. The sintered pellets are preferably cooled

by blowing air through the bed from below the belt.

Preferably, the sinterling furnace comprises oOr con-

pre——

sists of three cooling departments. The cooling gases

may be circulated to the front-end compartments. Typl-

cally, air 1s blown separately to each wind-box ac-

cording to the pressure settings 1n the compartments

over the bed. The sintering reactions usually still]

continue - at least partially — 1n the cooling zones

to further strengthen the product pellets.

Tyvpically, fresh sintered pellets according

to the 1nvention are discharged together with bottom

laver pellets and preferably tTransported on the con-

veyvor belt (e.g., steel belt) to screenling and pellet

bins. In case that upset conditions are 1implemented,

pellets may be taken out on a stockpile by a divider

chute before entering the bins. Typical upset condil-
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tlons may 1nclude emergency cooling situations during

start-up due to 1mbalance 1n the temperature profile,

or generally due to crush 1n the bed or too much burn-

1ng carbon 1n pellets. Typilcally, the produced pellets

pr——

are screened to a maximum particle size of 6 mm (1.e.,

screened to +6 mm) and fed to fi1ll the bottom lavyer

pre——

feed bin at the front end of the sintering machine.

The final product pellets (smelting feed) may Dbe

pr—

about 2 or 6 mm

screened to a maxlmum particle size o

pr—

(1.e., screened to a particle size of about +2/+6 mm)

and are then typilcally conveved to smelters.
According to the 1nvention, the sintered pel-

lets are mixed with external reducling agent to obtain

smelting feed. Hence, the sintered pellets are used as

pr——
—

ferro-

one starting material for the manufacture o:

chrome alloy.

—

For the purpose of the description, the term

“external reducing agent” means any reducing agent
which 1s added to the sintered pellets to obtain the

smelting feed. Contrary to the “internal reducing

pr—

agent” S1C whilich 1s a component of the sintered pel-

lets, the Y“external reduciling agent” 1s not a component

pre——

of the sintered pellets.

The external reducling agent 1s preferably a

—

compound which serves as a source of elemental carbon.

In another preferred embodliment, the external reducing

agent 1s coke (e.g., metallurgical coke), char, an-

—
-
-

thraclte or carbide or any mixture thereof.

n another

preferred embodiment, the external reducing agent 1s

pr——

selected from the Jgroup consisting of coke, char and

pre——
—

anthracite or 1t 1s any mixture thereof.

In a preferred embodiment, the external re-

pre——

duclng agent 1s 1n the form of a free flowlng solid

(e.g. solid powder). Hence, the external reducing

—

agent 1s preferably not 1n the form of a pellet and 1s

not 1n any other compressed form. Thils ensures that

the external reducing agent comes 1n close contact
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wlth the sintered pellets contalning chromite and SiC

(the external reducing agent is able to enclose/ sur-

round the sintered pellets). However, the external re-

—

ducing agent may be 1n the form of a solld mixture

containing further components, e.g., fluxing agent(s).

pr—

“1cult to use because

Tyvpically, coal 1s di

1t may form tar 1n the preheating kiln and 1n the

closed smelting furnace. The same problem may occur

wlith anthracite. The tar may block the preheating kiln

pre——

and gas lines. Hence, the avallability of the preheat-

—

1ng kiln may be higher 1f coal or anthracilite 1s not

used, and coke or metallurgical coke or any mixture

pre——

thereof 1s preferred over other carbonaceous material

as sultable external reducing agents. The metallurgi-

—
-

cal coke has preferably a high level of fixed carbon.

In a preferred embodiment, the external re-

duclng agent 1s coke such as metallurgilcal coke and

the smelting feed does not contaln any other external
reducing agent but coke such as metallurgical coke.

The external reducing agent has a particle

size of preferably 100% < 2.5-5 mm, more preferably
100% £ 297 um.

The smelting feed contalns preferably <220,

more preferably <210, and even more preferably 150-

210, most preferably 160-210, and 1n particular 169-

207 units of external reducing agent per 1000 pellets

units. The smelting feed contailns preferably <220,

more preferably <210, and even more preferably 150-

210, most preferably 160-210, and 1n particular 169-

—

207 units of coke, preferably metallurgical coke, per
1000 pellets units.

In another embodliment, the smeltling feed ac-

cording to the 1nvention further comprilises at least

one fluxing agent as defined herein above. Preferable

fluxing agent 1s quartzite or calcite or any mixture

pre——

thereof. Also other fluxing agents such as limestone,

dolomite, dquarts, or wollastonite or any mlixture
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B

thereof may be used depending on the ratio of slag

forming components 1n the ore.

pre——

Preferably, the silica content of the fluxing

agent such as quartzite 1s high. In a preferred embod-

lment, the gquality 1s such that 1t can

be heated with-

out disintegration. The smelting 1s preferably based

on acld slag. Some limestone or dolomlte may be added

— —

for fine—-tuning of the slag chemistry.

—

The particle si1ze of quartzite and calcite 1s

preferably <5 mm, more preferably less

than 2-5 mm.

The smelting feed contalns preferably 20-80

quartzite units, more preferably 30

- /0, even more

preferably 40-60 quartzite units, most preferably 45-

55 quartzite units and 1n particular 49 qguartzite

units per 1000 pellets units. The smelting feed con-

tains preferably 41 calcite units per 1000 pellet

units. In another embodliment, the smelting feed con-

tains 49 quartzite units per 1000 pellets units and 41

calcite units per 1000 pellet units.

The smelting feed according to the 1nvention

may further comprilise lumpy ore, preferably lumpy chro-

mlite ore. In a preferred embodiment, however, the

smelting feed accordiling to the 1nvention does not com-

prise any lumpy ore additives.

According to the 1nvention,

the ferrochrome

alloy 1s obtailined by smelting the smel

fined here above.

c1ng feed as de-

The smelting process 1s preferably conducted

1n a closed and sealed submerged arc

pr——

the sintered pellets, small amounts of

pre——

furnace, using

external reduc-

1ng agent; optional components of the smelting feed

are fluxing agents and lumpy ore. The smelting feed 1s

preferably preheated 1n a shaft kiln located above the

smelting furnace. Typically, the furnace gas 1s

cleaned 1n two Venturl scrubbers and 1n carbon monox-

1de (CO) fillters. CO gas which 1s produced during the
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smelting process may be used as 1n preheating and sin-

tering processes.

The high rate ferrochromium production tech-
nology described herein 1s based on using the sintered
5 chromlite pellets as described here above 1n the smelt-

pr—

1ng process. The composition of the sintered pellet 1s

pre——

advantageous for smeltling because of 1ts Si1C content.

Preferably, the raw materials are the sin-

tered pellets according to the 1nvention, optionally

pre——

10 lumpy ore, small amounts of coke as external reducilng

pr—

agent, and quartzite for fluxing. Also other fluxing

pre——

agents may be used depending on the ratio of slag

formilng components 1n the ore.

Preferably, high—-quality coke such as metal-

15 lurgical coke 1s chosen as external reduclng agent.

Metallurgical coke 1s preferably characterised by high

fixed carbon content. Typically, coal and anthracite

—
o

should not be used 1n the smelting process because of

—

the formation of tar i1in the preheating kiln and in the

20 closed smelting furnace which may block the preheating

—

kiln and gas 1lines. Typilcally, the strength of the

coke 1s 1mportant so that 1t can be fed through the

preheating kiln and feeding systems wilthout disinte-

gration. Preferably, the coke 1s dried before dosing

25 to ensure accurate dosing.

In a preferred embodiment, the raw materials

(e.g., sintered pellets, metallurgical coke, fluxing

agents such as calcite and quartzite) are fed directly

to day bilins or stored 1n covered storages. The day

30 bins are preferably located outside the smelting

plant. The raw materilials may be fed by an automatic

batching system on a collecting belt and lifted to the

kiln feed bin. Typically, the batching system 1s cru-

pre——

clal for controlling the feeding of the smelting feed

35 to the smelting process: 1t has to be accurate and re-

liably operating. Preferably, all material corrections

for smelting are made 1n the dosing statlion before
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preheating. Typically, the process after dosing takes

place 1n a closed system. The dosing system 1s prefer-

ably based on batching the feed materials according to

the recipe: each component 1n the batch 1s welghed and

excess material or shortages are corrected 1n the fol-

lowing batch.

pre——

Typically, the purpose of preheating 1s to

elilminate the moilisture from the feed charge mixture,

and to calcinate and preheat 1t to as high a tempera-

—

ture as possible without burning of 1nternal (1.e.

S1C) and external reduclng agent (e.g. coke such as

metallurgical coke). The carbon eatlng reactions, es-—

peclally the Boudouard reaction C(s) + CO2(g) -

2CO(g), 1s usually the limiting factor. The preheating

temperature 1n the shaft kiln may locally be at a max-

pre—— pre——

imum of 650-700 °C depending on the reactivity of the

pr—

reducing agents, but the average temperature of the
hot charge is typically about 450-550 °C. The thermal
power 1n preheating during normal operation 1s usually
about 8-11 MWh/h.

In general, preheating decreases the electri-

cal energy consumption 1n the smeltling process, but 1t

pr——

also 1ncreases the CO content of the furnace gas and

pre——

stabllizes the resistance of the burden. Typically,

preheating 1mproves the operation, production and

pre——

safety of the smelting.

Tyvpically, the preheating takes place 1n a

shaft kiln - preferably a steel silo - located above

the smelting furnace. The killn preferably comprises a

pre—— pre——
—

refractory lining. The lower part of the silo 1s pref-

erably divided 1nto hoppers feeding the material to

the respectilive charging tubes. The gas distribution

system 1nside the silo 1s typically formed by refrac-

tory. The combustion chamber 1s preferably connected

to the gas distribution chamber. The smelting feed ac-

cording to the 1nvention 1s preferably fed from the

kiln feed bin to the preheating kiln semi-continuously



CA 02851287 2014-04-07

WO 2013/071955 PCT/EP2011/070133

10

20

29

30

39

29

by two vibrating feeders. The kiln may be provided

wlith a rotatling distributling device, which distributes

the charge material 1nto the sections. Every section

preferably comprises a level 1ndilcator to control the

material level 1n the kiln. Typically, the material

flows freely through the chargling tubes to the smelt-

1ng furnace. The material 1n the tubes and 1n the silo

preferably forms a gas seal between the gas spaces 1n

the furnace and 1n the kiln.

Typlcally, smeltling 1s carried out 1n a sub-

merged arc furnace which 1s preferably equipped with

three electrodes. The preheated feed usually forms a
burden around the electrode tips. Typilcally, the 1n-

ternal and external reduclng agents reduce chromilium

and 1ron to FeCr and other components form the slag.

The heavier ligquid metal usually settles on the bottom

pre——

of the furnace and the slag typically forms a layer

over the metal. The smelting temperature and the vis-

— —
-

coslty of the slag may be adjusted by the use of flux-

ing agents such as quartzite and/ or calcite. The

formed FeCr and slag may be tapped 1ntermittently

(preferably every 2—-2% hours) from the furnace through

a common tap hole.

Preferably, the smelting furnace 1s closed

pr— pr——

with a flat roof. The roof may comprise water cooled

elements and refractory material. Typically, the fur-

nace 1s sealed so that there 1s no gas burning 1n the

furnace or no leakage to the surroundings. A CO fan

may be used to control the pressure 1n the furnace un-

pre——

der the roof to atmospheric level to avoid leakages.

pre——
—

The electrode system 1s preferably a type of

self-baking Sdoderberg electrodes. Speclal type dry

seals are typlcally used 1n electrode openings.

In a preferred embodliment, three one-phase

furnace transformers are used for supplyling electrici-

ty to the electrodes. Electrodes are connected to the

transformers by water-cooled copper tubes. The tTrans-
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formers are preferably equipped with tap changers for
controlling the secondary voltage to the furnace.

The furnace 1is usually provided with refrac-
tory 1lining and open-water-cooled steel shell. The
furnace bottom 1s preferably cooled with an alr fan.
The specific energy consumption in smelting 1s usually
dependent on the raw material quality. The sintered
pellets are high quality component of the smelting
feed that gives stabilized smelting conditions and
high recovery and small energy consumption. The lumpy
ore, which may be optioconally mixed with the sintered
pellets should also be preferably of high quality.
With increasing amount of fines and dust the operation
becomes unbalanced, which results 1n decreased power
input and thus decreased production. The sintered pel-
lets mixed with high quality lumpy ore allow high op-
erational efficiency and large production units can be

used.
Another embodiment of the 1nvention relates

to ferrochrome alloy obtainable by carrying out the

process according to the invention.
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CLAIMS

1. A process for the manufacture of ferrochrome alloy comprising
a) providing a pelletising feed, wherein the pelletising feed comprises
- chromite ore and
- silicon carbide as the only carbonaceous material and the only reducing
agent ;
b) pelletising the pelletising feed to obtain pellets ;
c) sintering the pellets to obtain sintered pellets;
d) mixing the sintered pellets with external reducing agent to obtain smeiting
feed; and

e) smelting the smelting feed.

2. The process according to claim 1, wherein the pelletising feed further comprises

binding agent.

3. The process according to any one of claims 1 to 2, wherein the pelletising feed

contains 4-20 wt-% silicon carbide.

4. The process according to any one of claims 1 to 3, wherein chromite ore is the only

metal ore present.

5. The process according to any one of claims 1 to 4, wherein the chromite and the
silicon carbide in the pelletising feed have a particle size distribution of 60-90% below

200 mesh.

27
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6. The process according to any one of claims 1 to 5, wherein the pellet size is 8- 16

mm.

/. The process according to any one of claims 1 to 6, wherein the pellets are in the

form of green pellets.

8. The process according to claim 7, wherein the green pellets have a moisture content

of 7-16 wt-%.

9. The process according to any one of claims 7 to 8, wherein the green pellets have a

compressive strength of 1-3 kg/pellet.

10. The process according to any one of claims 1 to 9, wherein the sintered pellets

contain =2 10% residual carbon.

11. The process according to any one of claims 1 to 10, wherein the sintered pellets

contain 2 10% residual silicon carbide.

12. The process according to any one of claims 1 to 11, wherein the total porosity of

the sintered pellets Is 15-55 vol-%.

13. The process according to any one of claims 1 to 12, wherein the compressive

strength of the sintered pellets is = 200 kg/pellet expressed as F1omm.

14. The process according to any one of claims 1 to 13, wherein the sintered pellets

are characterised by a metallisation of chrome of < 5%.

28
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