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SYSTEM AND METHOD FOR PRODUCTION OF HOT BRIQUETTED IRON (HBI) CONTAINING FLUX AND/OR

CARBONACEOUS MATERIAL.
@ A process for producing hot briquetted iron with
increased solid carbonaceous material and/or flux
includes: providing a. shaft furnace of a direct reduction
plant to reduce iron oxide with reducing gas; providing a
hot briquette machine to produce hot briquetted iron;
coupling a chute between a) a discharge exit of the shaft
furnace for discharge of hot direct reduced iron and b) an
entrance of the hot briquette machine; adding solid
carbonaceous material and/or flux to the discharged hot
direct reduced iron from the shaft furnace to produce a
mixture of the discharged hot direct reduced iron and the
solid carbonaceous material and/or flux before feeding to
the hot briquette machine; and processing in the hot
briquette machine to produce a product of hot briquetted
iron with increased, solid, carbonaceous material content
greater than about 3 weight percent and/or an increased
flux content.
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SYSTEM AND METHOD FOR PRODUCTION OF HOT BRIQUETTED IRON (HBI) CONTAINING FLUX AND/OR
CARBONACEOUS
MATERIAL

Haruyasg Michishita
Taiji Hatakeyama

Todd Astoria

CROSS-REFERENCE TO RELATED APPLICATION

{0001 The present non-provisional patent application claims the benefit of priority of U.S.
Provisional Patent Application No. 63/213,307, filed on June 22, 2021, and entitled
“PRODUCTION OF DRI CONTAINING FLUX AND/OR CARBONACEQUS
MATERIAL AT A DIRECT REDUCTION PLANT)” the contents of which are

meorporated in full by reference herein.

TECHNICAL FIELD

{0002] The present disclosure relates generally to the direct reduced tron (DRI} and
steehmaking fields. More specifically, the present disclosure relates to a method and syster
to produce the agglomeration of hot divect reduced ron (HDRI), namely hot briquetted
iron (HBI) containing solid carbonaceous matenal and/or flux to preferably be used as

feedstock for a downstream direct reduced won (DRI} melting process.
BACKGROUND
{0003 HDRI/HBI 18 the common feedstock for the electric iron melter such as an electric

are furnace (EAT) as a clean ron unit. In the case of melting high grade HDRI/HBI made

from oxide having a high won content (Fe>67wt %), the HDRI/HBI can be fed to the melter
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to produce hquid steel, where higher amount of flux must be added together with

HDRI/HBI to achieve the target slag basicity C/8 (Cad to $102 weight % ratio} >2.

{0004] In the case of melting the low grade HDRI/HBI made from oxude having a lower
iron content (Fe<63wt %} and higher amount of acid gangue, to reduce the operating and
capital cost i melting HDRIHBI to produce liquid steel, 2 step processes can be apphed
as practiced at BF itegrated steel nulls. At the first melting step the carbon content
typically C>3% in the hot metal and the slag basicity C{Calciomy/S{Siheay=1.1~1.3 will
be the target in melting HDRIVHBI and removing the slag, followed by the second melting
step where the carbon 1n the hot metal 1s decarburized with the oxygen blowing to produce
the hiquid steel. Then, higher amount of carbon and flux must be added together with
HDRI/HBI to achieve the target carbon content in the hot metal and slag basicity at the

first melting step.

{0005] In etther above case, the amount of carbon and flux in the conventional HDRI/HBI
is not high enough to achieve these target values at the DRI melting process. Solid
carbonaceous material and flux are usually added together with HDRI/HBIL but the
addition of the loose solid carbonaceous matenial and flux yield a tugher loss due to the
entrainment in the slag or offeas discharged from the melter, which significantly increases

the operating cost.

BRIEF SUMMARY OF THE INVENTION

{0006] The present disclosure provides a method and system to produce HBI mixed with
sohid carbonaceous material and/or flux to preferably be used as feedstock for a
downstrearmn DRI melting process, among other uses. An overall benefit 1s 1o enable the
HBI to contamn the deswed amount of carbon and/or flux required for the downstream
melting process, 50 that it can improve the yield of carbon and/or flux by eliminating or

reducing the amount of external carbon and/or flux addition at the melter. A further benefit
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of embodiments 1s the ability 10 add by the herem disclosed methods and systems, sohid
carbonaceous material and/or flux after reduction, and between the shaft furnace and hot

briguette maching.

{0007] Thus, disclosed herein are systems and methods wheremn, advantageously, solid
carbonaceous and/or flux maternial are added to the HDRI between discharging from the
shaft furnace and charging to a hot briguette (HB) machine to produce the HBI for the

external off-taker, or the downstream melter {o produce liquid steel or hot metal

{0008] Embodiments of the herein disclosed systems and methods enable the production
of HDRI agglomerate or HBI contamning enough amount of carbon and/or flux required for
the downstream melting process,; either the hiquid steel production (single step process) or
the hot metal production (2 step processes). The product can be HDRI agglomerate not
necessarily with higher density and strength or just strong enough to be transferred 10, e g,
an adjacent melting facility without generating significant fines, in the case where the
HDRI may be used at a melting facility near the DR plant. The product can desirably be
HBI with a density and strength specified by any applicable ocean shipment regulations,

in the case of the HBI being shipped to the external off-takers, according to embodiments.

100097 To further dlustrate advantages of the present disclosure, it 1s further noted that in
an effort to produce Liguid steel using the low grade HDRI/HBI, as an alternative, two (2)
step processes can be applied as practiced at blast furnace (BF) integrated steel mulls. In
the first step, the hot metal with the hugher carbon and lower slag basicity 18 produced to
roelt the HDRI/HBI and remove the slag. In the second step, the carbon in the bot metal 1s
decarburized with blowing oxyvgen to produce the higuid steel. However, such two (2) step
processes with conventional HDRIUHBI have at least the following issues 1 producing the

hot metal in the first melting step.
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I. The carbon amount in conventional HDRIHBI {C about 1-1.5w1.%]) 1s not high
enough to reduce the remaming FeQ in HDRIHBI and mamtain the carbon in the
hot metal {preferably C > 3-4wt. %} to maintain the low Fe(? in the slag;

2. Basic gangue content in the conventional HDRI/HBI 1s not high encugh to maintain
the slag basicity suitable for the hot metal production (preferably C/8=1.1~1.3};

and

(9%

Charging the carbonaceous material, such as coke breeze, and flwx material, such
as lime and dolomute, in parallel to charging the HDRI/HBI during the first melting
step {i.e., external addition), can lead to high losses of additives due to their

entrainment in offgas and slag.

{00107 Accordingly, what 1s needed in the art, and addressed by the present disclosure, s
a system and method allowing the HDRI/HBI to contain enough amount of carbon and/or
flux (>3wt.% C, preferably C >4wt.9%), so that the low grade HDRVHBI can be melted
efficiently with the minimum vield loss of carbon and/or flux to produce the hot metal in
the first melting step. It will be appreciated that the flux content can vary based on
operating condition, more specifically the amount of acid gangue in the iron oxide and the
target slag basicity (C/5=1.1~1.3) at the first melting step to produce the hot metal. In this
regard and according to embodiments of the present invention, the carbonaceous matenal
content in the produced hot briguetted 1ron moay be increased 1o greater than about 3 weight
percent and/or the flux content increased. The increased flux content can be determined
by the target slag basicity suitable for the hot metal production such as greater than 1.0
according to embodiments.

00117 Moreover, in the case of the single melting step process to produce liquid steel with
the high grade HDRI/HBI, a large amount of additional flux must be externally charged to
achieve the higher slag basicity (C/8>2.0} suitable for steel production. Thus, what 1s also

needed n the art, and also addressed by the present disclosure, 1s a system and method
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allowing, e.g., the high grade HDRI/HBI to contain encugh amount of the carbon and/or

flux, mstead of adding externally at a melting facility, to minimize the yield loss.

{0012] It 1s further noted that DRI can be carburized with natural gas or CO gas injected
mto a DR shaft furnace. However, too much natural gas injection cools the burden in the
shaft furnace, which negatively affects the reduction performance. Moreover, the
carburizing performance 15 affected by the carburizing kinetic and chemical equilibrium
under the presence of various compounds such as CO; and H:O 1n the shaft furnace.
Accordingly, all the carbon in the injected gas does not contribute to the carburization of
the DRI 1t eventually contributes to the reduction of the ron oxide, but it is not preferred
from a thermal efficiency point of view. Also, as more carburizing gas passes through the
carburization zone to get to the reduction zone located above in the shaft furnace, the

required amount of carburizing gas increases.

{0013] To achieve the carbon free steelmaking with a H; based DR plant, the carburizing
gas should be derived from a green carbon source. Biogas such as the product gas from
bislogical fermentation or digestion can be the gas, but the availahility s limited.  Also,
CO-, HO and HsS need to be remaved before mtroducing the gas to the shaft furnace. In
another option, the renewable carbonaceous material (biomass) can be gasified with a

pyrolytic process, but this requires significant capital investment.

{0014] Thus, instead of using green carburizing gas, one can consider adding a sohd
biomass or biochar in the oxide iron feedstock for the DR plant because the carbon should
remain during the reduction process. However, the oxide feedstock for the DR plant is
maostly the indurated pellet. Accordingly, the carbonaceous material is burned out during

the induration when the solid carbonaceous material is added before mduration

{0015] Also, flux can be added before the induration process as “fluxed pellet” which can
also be applied for a blast furnace (BF). However, the amount of the flux in the oxade

pellet has some restriction because the higher gangue basicity with more flux addition
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deteriorates the strength of the indurated pellet. For mstance, the imdurated peliet having
much hime generates a lot of fines when it 1 stored on the open vard under a lot of ram.
Therefore, the amount of fhux m the “fluxed peliet”™ 1s less than the amount desired at, e.g.,
a melting facility and a significant amount of flux must be externally added at the melter

even with the HDRIZHBI made from the “fluxed pellet”.

{0016] Furthermore, the productivity for the direct reduced iron or the iron content of the
DRI produced by the shaft furnace decreases as more carbon and/or flux is added in the
feedstock of the shaft furnace. Therefore, it 15 desired to add the solid carbon and/or flux
material to HDRI/HBI in a homogeneous manner at the DR plant, preferably after
completion of the reduction process, but no such technologies are believed currently

available as herein presented by the present disclosure.

{00177 Accordingly, embodiments of the herein disclosed systems and methods

advantageously address the foregoing needs and others.

{0018] In an illustrative embodiment, a process for producing hot briguetted tron with
mereased sohid carbonaceous material and/or flux comprises: providing a shaft furnace of
a direct reduction plant to reduce iron oxide with reducing gas; providing a hot briquette
machine to produce hot briquetted ivon; coupling a chute between a) a discharge exit of the
shaft furnace for discharge of hot direct reduced 1ron and b} an entrance of the hot briquette
maching; adding solid carbonaceous material and/or flux to the discharged hot direct
reduced ron from the shaft furnace to produce a mixture of the discharged hot direct
reduced won and the solid carbonaceous matenal and/or flux before feeding to the hot
briguette machine; and processing in the hot briquette machine to produce a product of hot
briguetted iron with increased solid carbonaceous material content of greater than 3 weight

percent and/or an increased flux content.

G-
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{0019] In another dlustrated embodiment, a system for producing hot briguetted won with
mereased solid carbonaceous matenal and/or flux comprises: a shaft furnace of a direct
reduction plant configured to reduce won oxade with reducing gas; a hot briquette machine
configured to produce hot briquetted iron; a chute coupled between a} a discharge exit of
the shaft furnace for discharge of hot direct reduced 1ron and b} an entrance of the hot
briquette machine; and solid carbonaceous material and/or flux configured to be added to
the discharged hot direct reduced iron from the shaft furnace to produce a mixture of the
discharged hot direct reduced ron and the solid carbonaceous material and/or flux before
feeding to the hot briguette machine. The mixture 1s configured to be processed in the hot
briquette machine to produce 3 product of hot briquetted iron with increased schid
carbonacecus matenial content of greater than 3 weight percent and/or an increased flux
content.

BRIEF DESCRIPTION OF THE DRAWINGS

{00207 The present disclosure i1s ulustrated and described herein with reference to the
various drawings, in which hke numbers are used to denote like method

steps/systenv/apparatus components, as appropriate, and tn which:

{00211 FIG. 1 15 a schematic diagram tllustrating an embodiment of the novel system and
method of adding carbon and/or flux at a HBI fines recycle system, where carbon and/or
flux are nuxed with HBI fines 1o be recycled to a HB machine, according to the present

disclosure.

{00221 FIG 2 1s a schematic diagram illustrating an embodiment of the novel system and
method of adding carbon and/or flux at a HPD (hot product distributor) in a HBI production

plant, according to the present disclosure;

{00231 FIG 3 1s a schematic diagram illustrating an embodiment of the novel system and

method of adding carbon and/or flux at a HPD (hot product distributor} in a HBI production
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plant showing the elevation arrangement of HPD shown by FIG. 2, according to the present

disclosure;

{0024] FIG. 4 18 a schematic diagram illustrating an embodiment of the novel system and
method of adding carbon and/or flux at a HB machine feed leg in a HBI production plant,

according to the present disclosure,

{0025] FIG. 5 18 a schematic diagram llustrating an embodiment of the novel system and
method of adding carbon and/or flux at 2 HB machie feed system n a HBI production

plant, according to the present disclosure;

{0026] FIG. 6 18 a schematic diagram illustrating an embodiment of the novel system and
method of adding carbon and/or flux at a HB machine feed system in a HBI production

plant showing further details of FIG. 5, according to the present disclosure; and

{0027] F1G. 7 18 a schematic diagram illustrating an embodiment of the novel system and
method of adding carbon and/or flux, including options to maintain the fraction of HDRI

fines to improve HDRI strength, according to the present disclosure.

DETAHLED DESCRIPTION

{0028] Again, 1n various embodiments, the present disclosure relates generally to DRI and
steelmaking fields. More specifically, the present disclosure relates to a method and system
to produce HBI mixed with the solid carbonaceous material and/or flux to preferably be
feedstock for the downstream DRI melting process. An overall benefit is {0 enable the HBI
to contain the desired amount of carbon and/or flux required, eg., for a downstrear
melting process, so that it can wmprove the yield of carbon and/or flux by eliminating or

reducing the amount of external carboun and/or flux addition at the melter,
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{0029] Refernng now specifically to FIG. 1, which shows a schematic diagram for
process/system 20 of the present disclosure in one exemplary embodiment, carbon and flux
are fed mto a carbon/flux mixer 14 located in a HBI fines recycle system 22, where the
carbon and/or flux are mixed with HBI fines to be recveled to a HB machine 9 via HB fines

recycle conveyor T

{00301 It is noted that carbon as referenced herein can include a solid, carbonaceous
material such as coke breeze, coal, biochar and so forth, and flux as referenced hergin can

include lime, dolomite, and so forth, as readily understood in the art.

{00311 As illustrated 1in FIG. 1, iron oxide 21, typically i pellet form, 15 fed from the top
of direct reduction shaft furnace 1 and HDRI is discharged from the bottom at a discharge
exit and through a chute or shatt furnace lower seal leg 2 which can seal shaft furnace 1.
The HDRI s transferred to the HB machine 9 through product discharge chamber (PDC)
3, hot product distributor or divertor (HPD) 3, briquette feed leg 6 and briquette feed screw
3.

{0032] The PDC 3 can advantagecusly screen out undesired, large chunks, which could

damage the HB machine 9, with use of a suitable mesh or other screening device.

{0033] The HPD S distributes the HDRI to each briquette feed leg 6 which transfers HDRI
to the briguette feed screw 8 for each HB machine 9. In this regard, while two HB machines
9, two briquette feed screws 8 and two briguette feed legs 6 are shown i FIG 1, any
suitable, desived number may be employved as needed for, eg., production, space
constraints and so forth. The briguette feed screw 8 mixes and pushes HDRI discharged
fromo shaft furnace 1 and HBI fines recycled from HBI fines recycle systern 22 into the HB
machine 9. HB machine 9 presses the feed matenal muxture with, e.g., two rollers, to
produce typically pillow shaped HDRI agglomerates of HBL  The product of the HB
machine 9 15 then processed with a hot briquette screen 10, and thereafter, e g., any oversize

HBI product 24 can be cooled and then shipped to, e.g., the off-taker or fed to a melter
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while undersize fines are recycled to the HB machine 9 through the HBI fines recyele
system 22 comprising the carboun/flux mixer 14 and a hot briquette finegs recycle conveyor

11

{0034] In the embodiment of FIG 1, the carbon and/or flux are muxed with HBI fines 1o
the carbon/flux mixer 14 via carbon/flux feed system 13 and then fed back to the briquette
feed screw 8 to produce the HBI containing the carbon and/or flux.  The carbon/flux mixer
14 can be, e.g., a simple mixing chamber or a mixer equipped with a mechanical mixing

device such as one or more agitators or paddies.

{00351 With the carbon and/or flux addstion to HDRY, the mechanical strength of the HBI
would be expected to be lowered, which could be a concern in the case where the HBI is
shipped to an external off-taker. The ductile metaliic ron in the HBI is compressed and
bonded together when the HB machine 9 compacts the HDRI at higher temperature
(typically > 650°C}, which is a mechanism to advantageously maintain the strength of the
HBI Less metalhic iron or more foreign substances such as sron oxide, gangue and carbon

in the HBI decreases the strength of the HBIL

{0036] Therefore, HBI having lower metallization, lower ron or higher gangue content
generally brings the lower strength.  In principle, higher HBI strength can be achieved to
increase the contact area of the metallic iron, but cannot be achieved as the metallic ron
contact 18 hindered to increase the contact area between the metallic wron and the
carbon/flux m the HBI because the carbon/flux acts as the separating agents and reduces

the strength of HBL

{00377 Accordingly, to improve the strength of the HBI, 1t has also been herein determined
that it 15 advantageous to increase the fines fraction of HDRI or decrease the fines fraction
of carbon and flux. More specifically, according to embodiments, through testing it has
been found that the fraction of less than omm HDRI fines should be >5wt.%, more

preferably >10wt.%. Also, the fraction of less than 200mm carbon and/or flux fines should

-10-
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be <20wt%, more preferably <10wt.%. Therefore, as an option, the fines fraction of
HDRI, carbon and/or fhux can be adjusted before being mixed and compressed at the HB

machine 9 to improve the strength of HBL

{0038] As also shown n FIGU, i one exemplary embodiment, a HDRI crusher 4 can be
optionally applied between the PDC 3 and HPD 5 to crush all or some of the HDRI to
increase the fines fraction of HDRY, but in principle the location of the HDRI crusher 4
could also be anywhere between shaft furnace 1 and HB machine 9 as desired. Crusher 4,
comprising any suitable conventional crushing machine such as impact crusher or hammer

mill, can be emploved to adjust the size of the fines to the desired small particle size.

{0039] Thus, to improve HBI strength, the fines fraction of carbon and/or flux can bhe
optionally adjusted with pre-agglomeration for carbon and/or flux using water and and/or
a suttable binder in the carbon/flux preparation system 12 in FIG. 1. Suitable binders

include, but are not limited to, organic binders in general, starch, molasses and so forth.

100401 As further shown in Fig. 1, the carbon and/or flux are preliminarily prepared in a
carbon/flux preparation system 12, Carbon and flux could be pre-mixed as desired when
both carbon and flux are added to the HDRI The prepared carbon and/or flux material s
transferred to carbon/flux bin and feed system 13, where the carbon and/or flux material s
stored 1 the bin and a controlled amount of the material 15 discharged from the bin with
the feeder in accordance with the desired target mixing rate with HDRI.  The feed rate of
carbon and/or flux can be hinearly adjusted with the HDRI production rate from shaft
furnace 1 or the HBI production rate from the HB machine 9 estimated by, e.g., the roller
speed and the measured HBI density or the direct weight measurement of the HBI

produced.

{00417 The temperature of the mixture fed to the HB machine 9 should be mamntained at,

e.g., >650°C to achieve desired, acceptable density and strength of the HBI because HBI

-11-
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of undesired low density and strength can cause wsssues during the transportation and

storage, especially in the case of the HBI being shipped to external off-takers.

{0042] As further shown in FIG, the mixed matenal fed to briquette feed screw 8 for
each HB machine 9 can be optionally preheated with briquette feed leg preheater 7, which
can be an electric induction or resistance heater, to make up any temperature drop resulting
from adding any cold carbon and/or flux.  Briquette feed leg preheater 7 can be optionally
mstalled for the recycled HBI fines after adding carbon and/or flux and/or HDRI fed
through briquette feed leg 6. As another alternative, only carbon and/or flux can be

optionally preheated in carbon/flux preparation system 12

{00437 Additionally, the HDRI may also be optionally cooled as desired prior to entering
crusher 4, described above. As a further alternative instead of grinding the HDRI in crusher

4, the HDRI fines could be added in parallel, as further explained below.

{0044] Referring now to FIGs. 2 and 3, FIG. 2 1s a schematic diagram illustrating an
embodiment of the novel system and method of adding carbon and/or flux at a HPD (hot
product distributor) in a HBI production plant, according to the present disclosure.
Similarly, FIG. 3 15 a schematic diagram tllustrating an embodiment of the novel system
and method of adding carbon and/or flux at a HPD (hot product distributor) in a HBI
production plant showing the elevation arrangement of HPD shown in FIG. 2, according
to the present disclosure. More particularly, in one exemplary embodiment and best seen
n FIG. 2, the carbon and flux prelimunarily prepared by carbon/tlux preparation system 12
can be fed mio a lower section of HPD 5 to mix with the HDRI discharged from the shaft
furnace 1. As best seen in FIG. 3, the carbon and flux will be further mixed with HDRI as
it flows to each HB machine 9 through briquetie feed leg 6 and briquette feed screw &
Thus, n this embodiment, even n the case that the afore-described HBT fines recycle

system 22 of FIG. 1 15 not applied, the carbon and flux can be added at the HPD S,
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{0045] It 13 noted that the number of the feed pownts is the same as the number of briquette
feed legs 6 where, i case the precise control of the feed ratio for each HB machine 9 13
desired, the feed ratio of the carbon and flux to each feed point can be controlled with an
independent feed system such as screw feeder or rotary valve dedicated for each feed point,
cascading the output of each HB machine 9. (r, m the case in which the precise feed rate
control for each HB machine 9 1s not required, the total feed rate of carbon and/or flux can
be controlled in the carbon/flux preparation system 12. Feeding of carbon and/or flux to
the specific briquette feed leg 6 can be stopped with carbon/flux isolation valve 15 when

the specific HB machine 9 is idling,

{00461 As an option, after the carbon and/or flux 1s fed at the HPD 5, briquette feed leg
preheater 7, similar to that shown in FIG 1, may be installed at each briquette feed leg 6
underneath the HPD 5 to make up any desired temperature of the feed mix to the HB

machine 9.

{0047] Referring now to FIG. 4, FIG. 4 15 a schematic diagram ilustrating an embodiment
of the novel system and method of adding carbon and/or flux at 2 HB machine feed leg 6
in a HBI production plant, according to the present disclosure. FIG. 4 also illustrates an
exemplary layout 60 for the HB machine feed legs 6 at a HBI plant.  As shown therein, in
one exemplary embodiment, the carbon and flux preliminarily to be prepared by
carbon/flux preparation system 12 are fed at through the feed pipe 16 into each briguette
feed leg 6. The carbon and flux will be further mixed with HDRI as it flows to each HB

machine 9 through briguette feed screw 8.

{0048] It 1s noted that the number of the feed points 1s the same as the number of briquette
feed legs 6 where, in the case where the precise control of the feed ratio for each HB
machmne 9 18 needed, the feed ratio of the carbon and flux to each feed pomnt can be
controlled with an independent feed system such as screw feeder or rotary valve dedicated
for each feed pomt, cascading the output of each HB machine 9. Or, in case the precise

feed rate control for each HB machine 9 15 not required, the total feed rate of carbon and/or
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flux can be controlled in carbon/flux preparation system 12, Feeding of carbon and/or fhix
to the specific briquette feed leg 6 can be stopped with carbon/flux 1solation valve 15 when
the specific HB machine 9 1s wdling. As an option, and as noted above, after the carbon
and/or flux is fed at the HPD 5 1n FIGs. 2 and 3 or at briquette feed leg 6 in FIG . 4, briquette
feed leg preheater 7 may be mnstalled at each briquette feed leg 6 underneath the HPD 5 to

make up any desired temperature of the feed mix to the HB machine 9.

{0049] Referning now to FIG. 5, FIG 5 is a schematic diagram of the elevation
arrangement lustrating an embodiment of the novel system and method of adding carbon
and/or flux ata HB machine feed system m a HBI production plant, according to the present
disclosure. Similarly, FIG. 6 13 a schematic diagram tiustrating an embodiment of the
novel system and method of adding carbon and/or flux at a HB machine feed system in a
HBI production plant showing only briquette feed screw § and HB machine 9 of FIG. 5,

according to the present disclosure.

100507 FiGs. 5 and 6 also particularly illustrate HB machine feed system 17 therein. In
one exemplary embodiment, the carbon and flux prelimimnarily to be prepared by
carbon/flux preparation systern 12 are fed through the feed pipe 19 into the briguette feed
screw 8 for each HB machine 9 through a chute or feed screw thereof, simultaneously with
the HDRI fed through briquette feed leg & (shown at 23).  Thus, HDRI flow 23 transferred
from the shaft furnace 1 through the briquette feed leg 6, and the carbon and flux will be

further mixed with HDRT with the briquette feed screw 8.

{00517 Again, the number of the feed points 15 same as the number of briquette feed screws
& where, in case precise control of the feed ratio for each HB machine 9 13 needed, the feed
ratio of the carbon and flux 1o each feed point can be controlled with an independent feed
system such as screw feeder or rotary valve dedicated for each feed point, cascading the
output of each HB machine 9. Or, in case the precise feed rate control for each HB machine
9 13 not required, the total feed rate of carbon and/or flux can be controlied m the

carbon/flux preparation systern 12, Feeding of carbon and/or flux to the specific brigquette
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feed screw 8 can be stopped with carbon/flux solation valve 15 when the specific HB

machmne 9 13 wdling.

{0032] As an option, the carbon and/or flux fed into the briquette feed screw & can be
preheated with an electric resistance heating system mstalled at carbon/flux preparation
system 12, such as preheater 7 described above, before mupang with the HDRI in the

briquette feed screw 8.

{00531 Referning now to FIz. 7, FIG. 7 1s a schematic diagram illustrating an embodiment
of the novel system and method 80 of addmng carbon and/or flux, mcluding options to
maintain the fraction of HDRI fines to improve HDRI strength, according to the present
disclosure.  As noted above, the HBI strength can be improved by increasing the fines
fraction of the HDRI before feeding to the HB machine 9. FIG. 7 schematically illustrates
several options to increase or optimize the fines fraction of HDRI, which are further

detailed below.

{0054] Option 1; As also shown in FIG. 1, HDRI crusher 4 can be installed between shaft
furnace 1 and HB machine 9 to maintain encugh or sufficient fines fraction to obtain the

strong HBL However, crushing the high temperature DRI may be technically complicated.

00557 Option 2; As shown at 26 10 FIG. 7, oxide fines may be muxed with the wron oxide
pellets 21 in any suitable/effective amount before feeding to the shaft furnace 1. This is
effective with a minor amount of finss addifion, however, it is noted that too much fines
addition to the oxide can cause, e.g., unstable solid material flow and von-uniform gas
distribution through the material in shaft furmace 1. Therefore, the allowable amount of
the oxide fines addition may be hinuted. Especially, it may be challenging to maimntam the

HDRI fines fraction higher than 5wt % only with the oxade fines addition.

{0036] Option 3; This option 15 Hustrated at metallic fines or oxade fines with carbon/flux

28w FIG 7. W metallic fines, such as metal dusts from a dust collection system for, e g,

15«
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an HDRI, HBI or BRI melting furnace, are avaiiable, the metallic fines can be mixed with
carbon and/or fhux i the carbon/Hlux preparation system 12, Thereafter, the mixture can

be fed to the HBI fines or HDRI as described above with respect to FIGs. 2 to 6.

{00571 Option 4, This option 18 tllustrated in FIG. 7at 30, As shown therein with the HDRI
discharge pipe 32, a portion of HDRI discharged from shaft furnace 1 can be divertedto a
DRI cooler 34 Cooling gas flow m/out 44 1s also iHlustrated for this option to emiploved as
desired. The cooled DRI may then be discharged by a cold direct reduced ron (CDRI)
discharge flow control device 30 and processed by a UDRI crusher 38 or screen 46 to
produce the CDRI fines 42, Instead of crushing HDRI shown as Option 1, it may be desired
to produce the CDRI fines by such a cold system. The cold DRI fines can then be mixed
with carbon and/or flux in carbon/flux preparation system 12, Thereafter, the mixture can
be fed to HBI fines or HDRI as described above with respect to FIGs. 2 to 6. It 1s further
noted that in the case of cold fines being fed to the HDRI before the HB machine 9, such
as in Options 3 and 4 noted above for instance, it is preferable to make up more sensible
heat with briquette feed leg preheater 7, to maintain the briquetting temperature typically

>630°C at the HB machine 9.

{00S8] Thus, in view of the foregoing, disclosed herein are systems and methods wherein,
advantageously, solid carbonaceous and/or flux material can be added to HDRI between
discharging from the shaft furnace and charging to a hot briquette (HB} machine to produce
the HBI for, e.g., an external off-taker, or the downstream melter to produce liquid steel or

hot metal and so forth,

100597 Accordingly, in an illustrative embodiment, a process for producing hot briguetted
wron with increased solid carbonaceous material and/or flux comprises: providing a shaft
furnace of a direct reduction plant to reduce ron oxide with reducing gas; providing a hot
briguette machine to produce hot briguetted won; coupling a chute between a) a discharge

extt of the shaft furnace for discharge of hot divect reduced iron and b} av endrance of the

-16-
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hot briquette machine; adding solid carbonaceous material and/or flux to the discharged
hot direct reduced ron from the shaft furnace to produce a muxture of the discharged hot
direct reduced won and the solid carbonaceous material and/or flux before feeding to the
hot briguette machine; and processing i the hot briguette machine to produce a product of
hot briquetted won with mereased solid carbonaceous material content of greater than 3

weight percent and/or an mcreased flux content.

{0060] The process may also comprise, one or more of the following, in any combination:
i} coupling a hot briquetted iron fines recycle system, comprising hot briquetted iron
fines, between the entrance and an exit of the hot briquette machine; wherein the sohid
carbonaceous material and/or flux is added to the hot briquette fines in a recycle loop of
the recycle system for the processing in the hot briquette machine;
1) coupling a hot product distributor between an exit of the chute and the entrance of
the hot briquette machine;

adding the solid carbonaceous material and/or flux to the hot product distributor
1o combine with the discharged hot direct reduced iron from the shaft furnace and the
solid carbonaceous material and/or flux before feeding to the hot briguette machine
through a briquette feed leg coupled between the hot briquette machine and the hot
product distributor;
) coupling a hot product distributor between an exit of the chute and the entrance of
the hot briquette machine;

couphing a briguetie fed leg and a briquetie feed screw between the hot briquetie
machme and the hot product distributor;

wherein the solid carbonaceous matenal and/or flux 18 added to the discharged hot
direct reduced won in the briguetie feed leg of the hot briquette machine which 1s further
mixed at the briquette feed screw before entering the hot briguette machine for
agglomerating processing;
v} wherein the solid carbonaceous matenal and/or flux and the discharged hot direct

reduced iron are added {0 a briguette feed screw coupled to the hot briguetie maching;
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vi} providing the hot direct reduced won to the hot briquette machine n a fine
fraction of less than 6 mm fines; and at more than § weight percent or more than 10
welght percent,
vit)  crushing the hot direct reduced iron to increase the fraction of the fines before
feeding to the hot briguette machine;
viil)  providing the carbonaceous material and/or flux in a fines fraction of less than
200 mm fines; and at less than 20 weight percent or less than 10 weight percent;
ixX} screening the carbonaceous material and/or flux to decrease the fraction of fines
before mixing with the hot direct reduced iron;
x) mixing the carbonaceous material and/or flux with water or 3 binder to make an
agglomeration and decrease the fraction of fines before mixing with the hot direct
reduced tron;
X1} preheating with a preheater at least one of 1) the hot direct reduced iron and 2} the
carbonaceous material and/or flux;
ki)  wherein oxide fines and iron oxide pellets are mixed before feeding to the shaft
furnace, to increase the fine fraction of less than 6 mm fines in the hot direct reduced ron
fed to the hot briquette machine;
xit}  wherern metallic fines are vuxed with the carbonaceous and/or flux matenal, and
thereafter combined with hot briquette fines or hot direct reduced wron before entering the
hot briquette machine to increase the fine fraction of less than 6 mm fines;
xv}y  providing a direct reduced 1ron cooler coupled to the chute;

discharging a portion of the hot direct reduced sron to the cooler to produce cold
duect reduced fines, which are subsequently erther 1) crushed in a crusher and mixed
with the carbonaceous and/or flux material, and thereafter combined with hot direct
reduced 1ron or hot briquette fines before entering the hot briquette machine to increase
the fine fraction of less than 6 mm fines in the hot direct reduced iron fed to the hot
briquette machine; or 2} screened and mixed with the carbonaceous and/or flux material,

and thereafter combined with hot direct reduced ron or hot briquette fines before

18-
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entering the hot briquette machine to increase the fine fraction of less than 6 mm fines in

the hot briquette wwon fed to the hot briquette machine.

{0061] In another lustrative embodiment, a system for producing hot briquetted iron with
mereased sobid carbonaceous material and/or flux comprises: a shaft furnace of a direct
reduction plant configured to reduce iron oxide with reducing gas; a hot briquette machine
configured to produce hot briquetied iron; a chute coupled between a) a discharge exit of
the shaft furnace for discharge of hot direct reduced iron and b} an entrance of the hot
briguette machine; and solid carbonaceous matenal and/or flux configured to be added to
the discharged hot direct reduced ron from the shaft furnace to produce a mixture of the
discharged hot direct reduced tron and the solid carbonaceous material and/or flux before
feeding to the hot briquette machine. The mixture is configured to be processed in the hot
briquette machine to produce a product of hot briquetted iron with increased solid
carbonaceous material content of greater than about 3 weight percent and/or an increased

flux content.

{00621 The system may also comprise, one or more of the following, in any combination:
1) a hot briquetted won fines recycle system, comprising hot briquetted ron fines,
coupled between the entrance and an exit of the hot briguette machine; wherein the solid
carbonaceous material and/or flux 13 configured to be added to the hot briquette fines ina
recycle loop of the recycle system for the processing in the hot briguette machine;
i) a hot product distributor between an exit of the chute and the entrance of the hot
briguette machine;

wherein the solid carbonaceous material and/or flux 1s configured to be added to
the hot product distributor to combine with the discharged hot direct reduced iron from
the shaft and the solid carbonaceous material and/or flux before feeding to the hot
briquette machine through a briquetie feed leg coupled between the hot briguette machine

and the hot product distributor;

~19-
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11} a hot product distributor coupled between an exit of the chute and the entrance of
the hot briquette machine;

a briquette fed leg and a briquetie feed screw coupled between the hot briquette
machine and the hot product distributor;

wherein the solid carbonaceous material and/or flux 1s configured to be added to
the discharged hot direct reduced 1ron in the briquette feed leg of the hot briqueite
machine which is configured to be further mixed at the briquette feed screw before
entering the hot briguette machine for the agglomerating processing;
) wherein the solid carbonaceous material and/or flux and the discharged hot direct
reduced iron are configured to be added to a briquette feed screw coupled to the hot
briguette machine;
v} wherein the hot direct reduced won is configured to be provided to the hot
briguette machine n a fine fraction of less than 6 mm fines; and at more than 5 weight
percent or more than 10 weight percent;
vi} a crusher configured to crush the hot direct reduced 1ron to increase the fraction of
the fines before feeding to the hot briguette machine;
vi)  wherein the carbonaceous material and/or flux has a fines fraction of less than
200 mm fines; and at less than 20 weight percent or less than 10 weight percent;
viii}  a screening device configured to screen the carbonaceous material and/or flux to
decrease the fraction of fines before mixing with the hot direct reduced won;
X} a preheater configured to preheat at least one of 1) the hot divect reduced won and
23 the carbonaceous moatenial and/or flux;
X} wherein the preheater is an electric heater installed at a briquette feed leg coupled
to the hot briquette machine;
X1} a preheater configured to preheat the hot briquette fines after mixing the
carbonaceous material and/or flux in the recycle loop or the carbonaceous material and/or

flux before adding to the recycled hot briquette fines;

-20-
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xit)  a carbonaceous matenal and/or flux preparation, storage and feed aystem to
produce the carbonaceous matenal and/or flux added to the hot briquette fines i the
recycle system,
xi1)  a mixing device with at least one of an agitator or paddle to mix the carbonaceous
matertal and/or flux with the hot briguette ron recycled fines;
xiv})  a direct reduced iron cooler coupled to the chute;

a crusher or a screen coupled to the direct reduced ron cooler;

wherein a portion the discharged hot direct reduced iron is configured to be
diverted to the direct reduced tron cooler to produce cold direct reduced fines configured
to be subsequently either 1} crushed in the crusher and mixed with the carbonaceous
and/or flux material, and thereafier combined with hot direct reduced iron or hot briquette
fines before entering the hot briquette machine to increase the fine fraction of less than 6
mm fines in the hot briguetie 1ron configured to be fed to the hot briquette machine; or 2}
screened in the screen and miced with the carbonaceous and/or flux material; and
thereafter combined with hot direct reduced ron or hot briguette fines before entering the
hot briquette machine to increase the fine fraction of less than 6 mum fines in the hot

briguette wron configured to be fed to the hot briquette machine.

{00631 Although the present mvention 1s illustrated and described with reference to
preferred embodiments and specific examples thereof, it will be readily apparent to those
of ordinary skill in the ant that other embodunents and examples may perform sinular
functions and/or achieve like results. Al such equivalent embodiments and examples are
within the spirit and scope of the present invention and are conternplated thereby, and are
mtended to be covered by the following claims.  Additionally, all elements and features

described herein roay be used 10 any combination in embodiments.

-2
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CLAIMS

What 1s claimed 1s:
1. A process for producing hot briquetted iron with increased solid carbonaceous
matertal and/or flux comprising:

providing a shaft furnace of a direct reduction plant to reduce iron oxide with
reducing gas,

providing a hot briquette machine {o produce hot briguetted iron;

coupling a chute between a} a discharge exit of the shaft furnace for discharge of
hot direct reduced tron and b) an entrance of the hot briguette machine;

adding solid carbonaceous material and/or flux to the discharged hot direct
reduced wron from the shaft furnace to produce a mixture of the discharged hot direct
reduced iron and the sohid carbonaceous material and/or flux before feeding to the hot
briquette machine; and

processing in the hot briguette machine to produce a product of hot briquetted
iron with increased solid carbonacecus material content greater than 3 weight percent
and/or an mcreased flux content to achieve the slag basicity (C/S) required for DRI
roelting process.
2. The process of claum 1, further comprising:

coupling a hot briquetted iron fines recycle system, comprising hot briquetted iron
fines, between the entrance and an exit of the hot briguette machine; wherein the sohd
carbonaceous material and/or flux 1s added to the hot briquette fines in a recycle loop of

the recycle system for the processing in the hot briquette machine.

3. The process of claim 1, further comprising:
coupling a hot product distributor between an exit of the chute and the entrance of

the hot briguetie machine;
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adding the solid carbonaceous material and/or flux to the hot product distributor
to combing with the discharged hot direct reduced tron from the shaft furnace and the
sohid carbonaceous matenial and/or flux before feeding to the hot briquette machine
through a briguette feed leg coupled between the hot briquette machine and the hot

product distributor,

4, The process of claim 1, further comprising:

coupling a hot product distributor between an exit of the chute and the entrance of
the hot briguette machine;

coupling a briquette fed leg and a briquette feed screw between the hot briquette
machine and the hot product distributor;

wherein the solid carbonaceous matenal and/or flux 1s added to the discharged hot
direct reduced wron in the briquetie feed leg of the hot briquette machine which 1s further
mixed at the briguette feed screw before entering the hot briquette machine for

agglomerating processing.

5 The process of claim 1,
wherein the solid carbonaceous material and/or flux and the discharged hot direct

reduced iron are added to a briquette feed screw coupled to the hot briquette machine.

6. The process of claim 1, comprising providing the hot direct reduced wron to the
hot briquette machine n a fine fraction of less than 6 rom fines; and at more than 5
weight percent or more than 10 weight percent.

7. The process of claim 6, comprising crushing the hot direct reduced wron to

merease the fraction of the fines before feeding to the hot briguette machine.
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8. The process of claim 1, comprising providing the carbonaceous matenal and/or
flux n a fines fraction of less than 200 mm fines; and at less than 20 weight percent or

less than 10 weight percent.

9. The process of claim 8, comprising screening the carbonaceous material and/or

flux to decrease the fraction of fines before mixing with the hot direct reduced iron.

16 The process of claim 8, comprising muxing the carbonaceous material and/or flux
with water or a binder t0 make an agglomeration and decrease the fraction of fines before

mixing with the hot direct reduced iron.

11 The process of claim 1, comprising preheating with a preheater at least one of 1)

the hot direct reduced iron and 2) the carbonaceous material and/or flux.

12. The process of claim 6, wherein oxide fines and ron oxide pellets are mixed
hefore feeding to the shaft furnace, to increase the fine fraction of less than 6 mm fines in

the hot direct reduced iron fed to the hot briquette machine.

13. The process of claim 6, wherein metallic fines are mixed with the carbonaceous
and/or flux material, and thereafier corobined with hot briquette fines or hot direct
reduced 1ron before entering the hot briquette machine to increase the fine fraction of less

than 6 mm fines.

14 The process of claim 6, comprising:

providing a dirvect reduced ron cooler coupled to the chute;

discharging a portion of the hot direct reduced wwon to the cooler to produce cold
direct reduced fines, which are subsequently etther 1) crushed m a crusher and mixed
with the carbonaceous and/or flux material, and thereafter combined with hot direct

reduced iron or hot briquetie fines before entering the hot briquette machine to increase
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the fine fraction of less than 6 mm fines in the hot direct reduced iron fed to the hot
briquette machine; or 2} screened and mixed with the carbonaceous and/or flux material,
and thereafter combined with hot divect reduced ron or hot briquette fines before
entering the hot briguette machine to increase the fine fraction of less than 6 mm fines in

the hot briguette tron fed to the hot briquette machine.

15, A system for producing hot briquetted iron with increased solid carbonacesus
material and/or flux comprising:

a shaft furnace of a direct reduction plant configured to reduce iron oxide with
reducing gas;

a hot briquette machine configured to produce hot briquetted iron;

a chute coupled between a) a discharge exit of the shaft furnace for discharge of
hot direct reduced ron and b} an entrance of the hot briguetie machine;

solid carbonaceous material and/or flux configured to be added to the discharged
hot direct reduced ron from the shaft furnace to produce a mixture of the discharged hot
direct reduced iron and the solid carbonaceous material and/or flux before feeding to the
hot briquette machine; and

wherein the mixture 15 configured to be processed in the hot briguette machine to
produce a product of hot briquetted iron with increased sohid carbonaceous material
content greater than 3 weight percent and/or an increased flux content to achieve the slag

basicity {C/S) required for DRI melting process.

16 The system of claim 15, further comprising:

a hot briquetted ron fines recycle system, comprising hot brigquetted wron fines,
coupled between the entrance and an exit of the hot briguette machine; wherein the sohid
carbonaceous matenal and/or flux 15 configured to be added to the hot briquette fines ina

recycle loop of the recycle system for the processing in the hot briquette machine.

17. The system of claim 15, further comprising:
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a hot product distributor between an exit of the chute and the entrance of the hot
briguette machine;

wherein the solid carbonaceous material and/or flux 1s configured to be added to
the hot product distributor to combine with the discharged hot direct reduced iron from
the shaft and the sohd carbonaceous material and/or flux before feeding to the hot
briquette machine through a briquetie feed leg coupled between the hot briquette machine

and the hot product distributor.

8. The system of claim 15, further comprising:

a hot product distributor coupled between an exit of the chute and the entrance of
the hot briguette machine;

a briquette fed leg and a briquette feed screw coupled between the hot briquette
machine and the hot product distributor;

wherein the solid carbonaceous material and/or flux 1s configured to be added to
the discharged hot direct reduced tron in the briguette feed leg of the hot briquette
machine which 1s configured to be further mixed at the briquette feed screw before

entering the hot briquette machine for the agglomerating processing.

19, The system of claim 15,
wherein the solid carbonaceous material and/or flux and the discharged hot direct
reduced iron are configured to be added to a briquette feed screw coupled to the hot

briguette oachine.

20. The system of clanm 15, wherein the hot direct reduced won 1s configured to be
provided to the hot briguette machine m a fine fraction of less than 6 mm fines; and at

more than S weight percent or more than 10 weight percent.

-26-
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21 The system of claim 20, comprising a crusher configured to crush the hot direct
reduced iron to merease the fraction of the fines before feeding 1o the hot brniquette

machine.

22. The system of claim 15, wherein the carbonaceous matenal and/or flux has a
fines fraction of less than 200 mm fines; and at less than 20 weight percent or less than 10

weight percent.

23. The system of claim 22, comprising a screening device configured to screen the
carbonaceous material and/or flux to decrease the fraction of fines before mixing with the

hot direct reduced iron.

24 The system of claim 15, comprising a preheater configured to preheat at least one

of 1} the hot direct reduced wron and 2) the carbonaceous material and/or flux.

28, The system of claim 24, wherein the preheater 1s an electric heater installed ata

briguette feed leg coupled 1o the hot briquette machine.

26. The system of claim 16, further comprising a preheater configured to preheat the
hot briquette fines after moxang the carbonaceous material and/or flux in the recycle loop

or the carbonaceous material and/or flwx before adding to the recycled hot briguetie fines.

27 The system of claim 16, turther comprising a carbonaceous material and/or flux
preparation, storage and feed system to produce the carbonaceous material and/or flux

added to the hot briquette fines in the recycle system.
28, The system of claim 27 further comprising a mixing device with at least one of an

agutator or paddle to mix the carbonaceous material and/or flux with the hot briquette ron

recycled fines.
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29, The system of claim 15 further comprising:

a direct reduced ron cooler coupled to the chute;

a crusher or a screen coupled to the direct reduced iron cooler;

wherein a portion the discharged hot direct reduced won 1s configured to be
diverted to the direct reduced iron cooler to produce cold direct reduced fines configured
to be subsequently either 1)} crushed in the crusher and mixed with the carbonaceous
and/or flux material) and thereafter combined with hot direct reduced iron or hot briquette
fings before entering the hot briguette machine to increase the fine fraction of less than 6
mm f{ines in the hot briquette iron configured to be fed to the hot briquette machine; or 2}
screened in the screen and mixed with the carbonaceous and/or flux material; and
thereafter combined with hot direct reduced iron or hot briguette fines before entering the
hot briquette machine to increase the fine fraction of less than & mm fines in the hot

briquette iron configured to be fed to the hot briguette machine.

8-
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Revendications

Procédé de production de fer briqueté a chaud avec une quantité accrue de
matiére carbonée solide et/ou fondant comprenant :

fourniture d'un four a cuve d'une usine de réduction directe pour réduire
I'oxyde de fer avec un gaz réducteur ;

fourniture d'une machine a briquettes chaudes pour produire du fer briqueté
a chaud;

coupler une goulotte entre a) une sortie d'évacuation du four a cuve pour
I'évacuation de la fonte de réduction directe chaude et b) une entrée de la
machine a briquettes chaude ;

l'ajout de matériau carboné solide et/ou de fondant au fer de réduction
directe chaud déchargé du four a cuve pour produire un mélange du fer de
réduction directe chaud déchargé et du matériau carboné solide et/ou du
fondant avant d'alimenter la machine a briquettes chaude ; et

traitement dans la machine a briquettes chaudes pour produire un produit de
fer briqueté chaud avec une teneur accrue en mati¢re carbonée solide
supérieure a 3 % en poids et/ou une teneur en flux accrue pour obtenir la

basicité du laitier (C/S) requise pour le procédé de fusion DRI

Procédé selon la revendication 1, comprenant en outre :

coupler un systeme de recyclage de fines de fer en briquettes chaudes,
comprenant des fines de fer en briquettes chaudes, entre I'entrée et une
sortie de la machine a briquettes chaudes ; dans lequel le matériau carboné
solide et/ou le fondant est ajouté aux fines de briquettes chaudes dans une
boucle de recyclage du systeme de recyclage pour le traitement dans la

machine a briquettes chaudes.

Procédé selon la revendication 1, comprenant en outre :

coupler un distributeur de produit chaud entre une sortie de la goulotte et
'entrée de la machine a briquettes chaudes ;

l'ajout du matériau carboné solide et/ou du fondant au distributeur de
produit chaud pour le combiner avec le fer de réduction directe chaud
déchargé du four a cuve et le matériau carboné solide et/ou le fondant avant

l'alimentation de la machine a briquettes chaudes via une branche
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d'alimentation en briquettes couplée entre la machine a briquettes chaudes

et le distributeur de produits chauds.

Procédé selon la revendication 1, comprenant en outre :

coupler un distributeur de produit chaud entre une sortie de la goulotte et
'entrée de la machine a briquettes chaudes ;

coupler une branche d'alimentation en briquettes et une vis d'alimentation
en briquettes entre la machine a briquettes chaudes et le distributeur de
produit chaud ;

dans lequel le matériau carboné solide et/ou le fondant est ajouté au fer a
réduction directe chaud déchargé dans la branche d'alimentation en
briquettes de la machine a briquettes chaudes qui est en outre mélangé au
niveau de la vis d'alimentation en briquettes avant d'entrer dans la machine

a briquettes chaudes pour un traitement d'agglomération.

Procédé selon la revendication 1,
dans lequel le matériau carboné solide et/ou le fondant et le fer de réduction
directe chaud déchargé sont ajoutés a une vis d'alimentation en briquettes

couplée a la machine a briquettes chaudes.

Procédé selon la revendication 1, comprenant la fourniture du fer a
réduction directe chaud a la machine a briquettes chaude en une fraction de
fine ayant des fines inférieures 8 6 mm ; et a plus de 5 % en poids ou a plus

de 10 % en poids.

Procédé selon la revendication 6, comprenant le broyage du fer de réduction
directe chaud pour augmenter la fraction des fines avant l'alimentation de la

machine a briquettes chaudes.

Procédé selon l'une des revendications 1 a 8, comprenant la fourniture du
matériau carboné et/ou du fondant dans une fraction de fines ayant des fines
inférieures a 200 mm ; et a moins de 20 % en poids ou moins de 10 % en

poids.
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Procédé selon la revendication 8, comprenant le tamisage de la matiére
carbonée et/ou du fondant pour diminuer la fraction de fines avant mélange

avec le fer de réduction directe chaud.

Procédé selon la revendication 8, comprenant le mélange du matériau
carboné et/ou du fondant avec de I'eau ou un liant pour réaliser une
agglomération et diminuer la fraction de fines avant mélange avec le fer de

réduction directe chaud.

Procédé selon la revendication 1, comprenant le préchauffage avec un
préchauffeur d'au moins l'un parmi 1) le fer de réduction directe chaud et 2)

le matériau carboné et/ou le fondant.

Procédé selon la revendication 6, dans lequel des fines d'oxyde et des
pastilles d'oxyde de fer sont mélangées avant I'alimentation du four a cuve,
pour augmenter la fraction fine ayant des fines de moins de 6 mm dans le

fer chaud a réduction directe alimenté a la machine a briquettes chaude.

Procédé selon la revendication 6, dans lequel des fines métalliques sont
mélangées avec le matériau carboné et/ou le fondant, puis combinées avec
des fines de briquettes chaudes ou du fer de réduction directe chaud avant
d'entrer dans la machine a briquettes chaudes pour augmenter la fraction de

fines a fines inférieures a 6 mm.

Procédé selon la revendication 6, comprenant :

fournir un refroidisseur de fer a réduction directe couplé a la goulotte ;
décharger une partie de la fonte de réduction directe chaude dans le
refroidisseur pour produire des fines de réduction directe a froid, qui sont
ensuite soit 1) broyées dans un broyeur et mélangées avec le matériau
carboné et/ou fondant, puis combinées avec de la fonte de réduction directe
chaude ou avec les fines de briquettes chaudes avant d'entrer dans la
machine a briquettes chaudes pour augmenter la fraction de fines de moins
de 6 mm dans le fer chaud a réduction directe alimenté a la machine a
briquettes chaudes ; ou 2) tamisé et mélangé avec le matériau carboné et/ou

fondant, puis combiné avec du fer a réduction directe chaud ou des fines de

LU503518



10

15

20

25

30

35

15.

16.

17.

4-

briquettes chaudes avant d'entrer dans la machine a briquettes chaudes pour
augmenter la fraction de fines de moins de 6 mm dans le fer a briquettes

chaud alimenté a 1a machine a briquettes chaudes.

Systeme de production de fonte en briquettes a chaud avec une quantité
accrue de matiere carbonée solide et/ou de fondant comprenant :

un four a cuve d'une usine de réduction directe configurée pour réduire
I'oxyde de fer avec un gaz réducteur ;

une machine a briquettes chaudes configurée pour produire du fer chaud en
briquettes ;

une goulotte couplée entre a) une sortie d'évacuation du four a cuve pour
I'évacuation de la fonte réduite directe chaude et b) une entrée de la
machine a briquettes chaudes ;

du matériau carboné solide et/ou fondant configuré pour étre ajouté au fer
de réduction directe chaud déchargé du four a cuve pour produire un
mélange du fer de réduction directe chaud déchargé et du matériau carboné
solide et/ou du fondant avant alimentation de la machine a briquettes
chaude ; et

dans lequel le mélange est configuré pour étre traité dans la machine a
briquettes chaudes pour produire un produit de fer briqueté chaud avec une
teneur accrue en matiere carbonée solide supérieure a 3 % en poids et/ou
une teneur accrue en fondant pour obtenir la basicité de laitier (C/S) requise

pour le processus de fusion DRI

Systeme selon la revendication 15, comprenant en outre :

un systeme de recyclage de fines de fer en briquettes chaudes, comprenant
des fines de fer en briquettes chaudes, couplé entre I'entrée et une sortie de
la machine a briquettes chaudes ; dans lequel le matériau carboné solide
et/ou le fondant est configuré pour étre ajouté aux fines de briquettes
chaudes dans une boucle de recyclage du systeme de recyclage pour le

traitement dans la machine a briquettes chaudes.

Systeme selon la revendication 15, comprenant en outre :
un distributeur de produit chaud entre une sortie de la goulotte et I'entrée de

la machine a briquettes chaudes ;
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dans lequel le matériau carboné solide et/ou le flux est configuré pour étre
ajouté au distributeur de produit chaud pour se combiner avec le fer chaud
directement réduit déchargé de la goulotte et le matériau carboné solide
et/ou le flux avant d'alimenter la machine a briquettes chaudes a travers une
branche d'alimentation de briquettes couplée entre la machine a briquettes

chaudes et le distributeur de produit chaud.

Systeme selon la revendication 15, comprenant en outre :

un distributeur de produit chaud couplé entre une sortie de la goulotte et
'entrée de la machine a briquettes chaudes ;

une branche d'alimentation en briquettes et une vis d'alimentation en
briquettes couplées entre la machine a briquettes chaudes et le distributeur
de produit chaud ;

dans lequel le matériau carboné solide et/ou le flux sont configurés pour
étre ajoutés au fer a réduction directe chaud déchargé dans la branche
d'alimentation en briquettes de la machine a briquettes chaudes qui est
configurée pour étre encore mélangée au niveau de la vis d'alimentation en
briquettes avant d'entrer dans la machine a briquettes chaudes pour le

traitement d'agglomération.

Systeme selon la revendication 15,
dans lequel le matériau carboné solide et/ou le fondant et le fer a réduction
directe chaud déchargé sont configurés pour étre ajoutés a une vis

d'alimentation en briquettes couplée a la machine a briquettes chaudes.

Systeme selon la revendication 15, dans lequel le fer a réduction directe
chaud est configuré pour étre fourni a la machine a briquettes chaude en
une fraction de fines ayant des fines de moins de 6 mm ; et a plus de 5 % en

poids ou a plus de 10 % en poids.

Systeme selon la revendication 20, comprenant un concasseur configuré
pour broyer la fonte de réduction directe chaude afin d'augmenter la

fraction des fines avant l'alimentation de la machine a briquettes chaudes.

LU503518
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Systeme selon la revendication 15, dans lequel le matériau et/ou fondant

carboné a une fraction de fines ayant des fines inférieure a 200 mm ; et &

moins de 20 % en poids ou moins de 10 % en poids.

Systeme selon la revendication 22, comprenant un dispositif de tamisage
configuré pour tamiser le matériau carboné et/ou le fondant pour diminuer

la fraction de fines avant mélange avec le fer de réduction directe chaud.

Systeme selon la revendication 15, comprenant un préchauffeur configuré
pour préchauffer au moins I'un de 1) le fer a réduction directe chaud et 2) le

matériau carboné et/ou le flux.

Systeme selon la revendication 24, dans lequel le préchauffeur est un
réchauffeur électrique installé sur une branche d'alimentation en briquettes

couplée a la machine a briquettes chaudes.

Systeme selon la revendication 16, comprenant en outre un préchauffeur
configuré pour préchauffer les fines de briquettes chaudes apres mélange du
matériau carboné et/ou du fondant dans la boucle de recyclage ou le
matériau carboné et/ou le fondant avant ajout aux fines de briquettes

chaudes recyclées.

Systeme selon la revendication 16, comprenant en outre un systéme de
préparation, de stockage et d'alimentation de matériau carboné et/ou de
fondant pour produire le matériau carboné et/ou le fondant ajouté aux fines

de briquettes chaudes dans le systeme de recyclage.

Systeme selon la revendication 27, comprenant en outre un dispositif de
mélange avec au moins 1'un parmi un agitateur ou une palette pour
mélanger le matériau carboné et/ou le fondant avec les fines recyclées de

fer a briquettes chaudes.

Systeme selon la revendication 15 comprenant en outre :
un refroidisseur de fer a réduction directe couplé a la goulotte ;

un broyeur ou un crible couplé au refroidisseur de fer réduit direct ;
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dans lequel une partie de la fonte de réduction directe chaude déchargée est
configurée pour étre détournée vers le refroidisseur de fer de réduction
directe pour produire des fines réduites directes a froid configurées pour
étre ensuite soit 1) broyées dans le broyeur et mélangées avec le matériau
carboné et/ou fondant, et ensuite combiné avec du fer a réduction directe
chaud ou des fines de briquettes chaudes avant d'entrer dans la machine a
briquettes chaudes pour augmenter la fraction des fines de moins de 6 mm
dans le fer a briquettes chaud configuré pour alimenter la machine a
briquettes chaudes ; ou 2) tamisé dans le tamis et mélangé avec le matériau
carboné et/ou fondant; et ensuite combiné avec du fer a réduction directe
chaud ou des fines de briquettes chaudes avant d'entrer dans la machine a
briquettes chaudes pour augmenter la fraction des fines de moins de 6 mm
dans le fer a briquettes chaud configuré pour étre alimenté a la machine a

briquettes chaudes.
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