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Abstract:

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

Harayasu Michishiia
Taipn 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 Apphication No. 63/213,307, filed on June 22, 2021, and entitled
“PRODUCTION OF DRI CONTAINING FLUX ANIYVOR CARBONACEOUS
MATERIAL. AT A DIRECT REDUCTION PLANT)” the contents of which are

wmeorporated i full by reference herein.

TECHNICAL FIELD

[0002] The present disclosure relates generally to the direct reduced tron (DRI and
steelmaking fields. More specifically, the present disclosure relates to a method and system
to produce the agglomeration of hot divect reduced won (HDRI}, namely hot briquetted
iwon (HBI) containing solid carbonaceous material and/or flux to preferably be used as

feedstock for a downstream direct reduced ron (DRI} melting process.
BACKGROUND
100037 HDRIUHBI 15 the comumon feedstock for the electric iron melter such as an electric

arc furnace (EATF} as a clean iron unit. In the ¢ase of melting high grade HDRI/HBI made

from oxide having a high won content (Fex67wt. %), the HDRIZHBI can be fed to the melter
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to produce hiquid steel, where higher amount of flux must be added together with

HDRVHBI to achieve the target slag basicity (/8 (Ca0 to 8102 weight % ratio) >2.

[0004] In the case of melting the low grade HDRIHB! made from oxide having a lower
iron content {Fe<65wt %} and higher amount of acid gangue, to reduce the operating and
capilal cost 1n melting HDRIZHBI to produce liquid steel, 2 step processes can be applied
as practiced at BY integrated steel nmulis. At the first melting step the carbon content
fypically C>3% in the hot metal and the slag bhasicity C{Calciomy/S(Silhicay=1.1~1.3 will
be the target in melting HDRI/HBI and removing the slag, followed by the second melting
step where the carbon 1 the hot metal 1s decarburized with the oxygen blowing o produce
the hquid 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 either above case, the amount of carbon and flux 1n the conventional HDRI/HBE
is not high enough to achieve these target values at the DRI melting process. Sohid
carbonaceous maternial and flux are usually added together with HDRUHBIL but the
addition of the loose solid carbonaceous material and flux yield a higher loss due to the
entratmment 10 the slag or offgas discharged from the melter, which significantly increases

the operating Cost.

BRIFF SUMMARY OF THE INVENTION

[0006] The present disclosure provides a method and svstem 1o produce HBI mixed with
solid carbonaceous materal and/or flux to preferably be used as feedstock for g
downstrearn DRI melting process, among other uses. An overall benefit is to enable the
HBI to contain the desired amount of carbon and/or flux required for the downsiream
melting process, so that it can improve the yvield of carbon and/or flux by eliminating or

reducing the amount of external carbon and/or flux addition at the melter. A further benefit

g
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of embodiments 1s the ability o add by the herein disclosed methods and systems, solid
carbonaceous material and/or flux after reduction. and between the shaft furnace and hot

briguette maching.

[0007] Thus, disclogsed herein are systems and methods wherem, advantageously, sohid
carbonaceous and/or flux materal are added to the HDRI between discharging from the
shaft furnace and charging to a hot briguetie (HI) machine to produce the HBI for the

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

[CC08] Embodiments of the herein disclosed systems and methods enable the production
of HDRI agelomerate or HBI containing encugh amount of carbon and/or flux required for
the downstream melting process; etther the hiquid steel production {(single step process) or
the hot metal production (2 step processes). The product can be HDRIY agglomerate not
necessarily with higher density and strength or just strong encugh to he transferred to, e g,
an adjacent melting facility without generating significant fines, in the case where the
HDRY may be used at a melting facility near the DR plant. The product can desirably be
HBI with a density and strength specificd by any applicable ocecan shipment regulations,

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

[00098] To further dlustrate advantages of the present disclosure, it 1s further noted that in
an effort to produce hiquid steel using the low grade HDRUHBI, as an alternative, two {2}
step processes can be applied as practiced at blast furnace (BY) integrated steel nulls. In
the first step, the hot metal with the higher carbon and lower slag basicity 18 produced to
melt the HDRI/HBY and remove the slag. In the second step, the carbon in the hot metal s
decarburized with blowing oxygen to produce the hiquid steel. However, such two (2) step
processes with conventional HDRIJHBI have at least the following issues i producing the

hot metal in the first melting step.
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1. The carbon amount in conventional HDORI/HBI (T about 1-1.5wt.%) is not high
enough to reduce the remamning FeO 1 HDRVHEBI and mamitain the carbon mn the
hot metal {preferably C > 3-4wt %} to maintain the low Fe in the slag;

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

and

oS

Charging the carbonacecus matenial, such as coke breeze, and flux material, such
as lime and dolomite, in parallel to charging the HDRIVHBIY during the first melting
step {i.e, external additton}, can lead to high losses of additives due to their

entrainment in offgas and slag.

[0010] Accordingly, what 1s needed in the art, and addressed by the present disclosure, is
a svstem and method allowing the HDRIZHBI to contain enough amount of carbon and/or
flux (>3wt.% C, preferably C >4wt. %)}, so that the low grade HDRI/HBI can be melied
efficiently with the mimimum 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 1n the iron oxade and the
target slag basicity {(C/5=1.1~13) at the first melting step to produce the hot metal. In this
regard and according to embodiments of the present invention, the carbonacenus material
countent 1 the produced hot briguetied 1ron may be moreased to greater than about 3 weight
percent and/or the flux content increased. The moreased flux content can be determined
by the target slag basicity suntable for the hot metal production such as greater than 1.0

according to emboduments.

(00111 Moreover, in the case of the single melting step process to produce liguid stesl with
the hugh grade HDRI/HBI, a large amount of additional flux must be externally charged to
achieve the higher slag basicity (C/8>2.0} sutable for steel production. Thus, what 1s also
needed i the art, and also addressed by the present disclosure, 1s a system and method

>
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allowing, e g, the high grade HDRIHBY to contain encugh amount of the carbon and/or

flux, instead of adding externally at a melting facitity, to minunize the vield loss.

100127 1t is further noted that DRI can be carburized with natural gas or €O gas injected
into a DR shaft furnace. However, oo much natural gas injection cools the burden in the
shaft firnace, which negatively affects the reduction performance. Moreover, the
carburizing performance is affected by the carbunizing kinetic and chemical equilibrium
under the presence of various compounds such as COr and H2O 1n the shaft furnace.
Accordingly, all the carbon in the injected gas does not contribute 1o the carburization of
the DRY It eventually contributes to the reduction of the ron oxide, but it 18 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.

10013] To achieve the carbon free sieelmaking with a Iz based DR plant, the carburizing
gas should be derived from a green carbon source. Biogas such as the product gas from
binlogical formentation or digestion can bo the gas, but the avalability s himited. Also,
CO:, HhO and HzS need to be removed before introducing 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 sohid
biomass or biochar in the oxide 1ron feedstock for the DR plant because the carbon should
remain during the reduction process.  However, the oxide feedstock for the DR plant s
maostly the mdurated pellet. Accordingly, the carbonaceous material is burned out during

the induration when the solid carbonacecus material is added before induration.

[0015] Also, flux can be added before the induration process as “fluxed pellet” which can
alsa be apphed for a blast fummace (B}, However, the amount of the flux in the oxide

pellet has some restriction because the higher gangue baswoity with more tlux addion
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deteriorates the strength of the indurated pellet For instance, the mdurated pellet having
much lime generates a ot of fines wheun it 13 stored on the open vard under a ot of rain
Therefore, the amount of flux in the “fluxed pellet”™ is 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 HDRIHBI made from the “fluxed peliet”.

[0016] Furthermore, the productivity for the direct reduced iron or the tron content of the
DRI produced by the shaft furnace decreases as more carbon and/or fhux is added in the
feedstock of the shaft furnace. Therefore, it 15 desired to add the solid carbon and/or flux
material o HDREHBI in 2 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.

[0017] 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 briquetied wwon with
mcreased solid carbonaceous material and/or flux comprises: providing a shaft furnace of
a direct reduction plant to reduce 1ron oxide with reducing gas; providing a hot briquette
machine to produce hot briguetted iron; coupling a chute between a) a discharge exut of the
shaft furnace for discharge of hot direct reduced 1ron and b} an entrance of the hot briguette
machine; adding solid carbonaceous material and/or flux to the discharged hot direct
reduced iron from the shaft fursace to produce a mixture of the discharged hot direct
reduced won and the solid carbonaceous material and/or flux before feeding to the hot
briguette machine; and processmng in the hot briquette machine to produce a product of hot
briguetted ron with increased sohid carbonaceous roatenal content of greater than 3 weight

percent and/or an increased flux content,

b
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[0019] In another iHustrated embodiment, a system for producing hot briquetted iron with
mereased sohid carbonaceous material and/or flux comprises: a shaft furnace of a direct
reduction plant configured to reduce ron oxide with reducing gas; a hot briguetie 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
briguette machine; and solid carbonaceous material and/or fhix configured to be added to
the discharged hot direct reduced wwon from the shaft furnace to produce a mixture of the
discharged hot direct reduced won 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 a3 product of hot briquetted wron with increased sohd
carbonaceous material content of greater than 3 weight percent and/or an increased flux
content.

BRIFF DESCRIPTION OF THE DRAWINGS

[0020] The present disclosure is illustrated and described herein with reference to the
various drawings, in which like numbers are used to denote like method

steps/systemy/apparatus componenis, as appropriate, and m which:
Y

[0021] FI(z 1 1s a schematic dragram illustrating an embodiment of the novel system and
method of adding carbon and/or flux at a HBI fines recycie system, where carbon and/or
flux are nuxed with HBI fines to be recyeled to a HB machine, according to the present

disclosure.

[0022] FIG. 2 s a schematic diagram ilfustrating 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 15 a schematie diagram illustrating an embodiment of the novel system and

method of adding carbon and/or flux at a HPD (hot product distributor} in g 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 13 a schematic diagram illustrating an embodiment of the novel system and
method of adding carbon and/or flux at a HB machme feed leg m a HBI production plant,

according to the present disclosure;

[0025] FIG. 5 15 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, according to the present disclosure;

{00261 FIG. 6 15 a schematic diagram dhustrating an embodiment of the novel system and
method of adding carbon and/or flux at @ HB machine feed system in a HBI production

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

(002771 FIG. 7 15 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

1002871 Agan, in various embodiments, the present disclosure relates generally to DRI and
steelmaking fieids. More specifically, the present disclosure relates to a method and system
to produce HBI mixed with the sohd carbonaceous material and/or flux to preferably be
feedstock for the downstream DRI melting process. An overall benefit is to enable the HBI
to contain the desired amount of carbon and/or flux required, e g., for a downstream
melting process, so that 1t can wuprove the yield of carbon and/or flux by eliminating or

reducing the amount of external carbon and/or flux addition at the melter.
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[0029] Referring now specifically o FIG. 1, which shows a schematic diagram for
process/system 20 of the present disclosure in one exemplary embodiment, carbon and flux
are fed into 3 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 recycled to a HB machine 9 via HB fines

recycle conveyor T

[0030] 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 referencead herein can

inchude ime, dolomite, and so forth, as readily understood m the art.

{00311 As illustrated in FIGG 1, iron oxide 21, typically in pellet form, 15 fed from the top
of direct reduction shaft furnace 1 and HDRI 1s discharged from the bottom at a discharge
exit and through a chute or shaft furnace lower seal leg 2 which can seal shaft furnace 1.
The HDRI 15 transferred to the HB machine 9 through product discharge chamber (PDC)
3, hot product distributor or divertor {HPD) 5, briquette feed leg 6 and briquette feed screw
&

[0032] The PDC 3 can advantageocusly screen out undesired, large chunks, which could

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

[0033] The HPD § distributes the HDRI to each briquette feed leg 6 which fransfers HDRI
to the briquette feed screw 8 for each HE machine 9. In this regard, while two HB machines
9, two briguette feed screws 8 and two briguette feed legs 6 are shown m FI{x 1, any
suitable, desived number may be employed as needed for, e g, production, space
constraints and so forth. The briguette feed screw & mixes and pushes HDRI discharged
from shaft furnace 1 and HBI fines recycled from HBI fines recycle system 22 into the HB
machme 9. HB machine 9 presses the feed material mixture with, e g, two rollers, o
produce typweally pillow shaped HDRI agglomerates of HBEL  The product of the HB
machine 9 15 then processed with a hot briquette soreen 10, and thereafier, e.g., any oversize

HBI product 24 can be cooled and then shipped to, e.g., the off-taker or fed to a melier
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while undersize fines are recycled to the HB machine 9 through the HBI fines recycle
svatem 22 compriging the carbon/flux mixer 14 and a hot brigquette fines recycle conveyor

il

[0034] In the embodiment of FIG 1, the carbon and/or flux are mixed with HEI fines in
the carbon/flux mixer 14 via carbon/{lux feed system 13 and then fed back to the briguette
feed screw 8 to proeduce the HBI contatming 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 fhux addition to HDRI, the mechanical strength of the HBI
would be expected to be lowered, which could be a concern in the case where the HBI 15
shipped to an external off-taker. The ductile metallic tron m the HBI 15 compressed and
bonded together when the HB machine 9 compacts the HDRI at higher temperature
{typically > 650°C), which 15 a mechanism to advantageously maintain the strength of the
HBI Less metallic iron or more foreign substances such as ron oxide, gangue and carbon

in the HBI decreases the strength of the HBI

[0036] Therefore, HBI having lower metallization, lower iron 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 meiallic iron
contact is hindered 1o increase the contact area between the metallic wron and the
carbon/flux in the HBI because the carbon/flux acts as the separating agents and reduces

the strength of HBL

[0037] Accordingly, to improve the strength of the HBL o has also been herein determimed
that it s advantageous to increase the fines fraction of HDRI or decrease the fines fraction
of carbon and tlux. More specifically, according to embodiments, through testing it has
bheen 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 <20wi %, more preferably <10wt % Therefore, ag an option, the fines fraction of
HDRI, carbon and/or fhix can be adjusted befors being mixed and compressed at the HB

machine @ to improve the strength of HBL

[0038] As also shown in FIG T, 1in one exemplary embodiment, a HDRI crusher 4 can be
optionally applied between the PDC 3 and HPD 3 1o crush all or some of the HDRI (o
merease the fines fraction of HIDRI, but in principle the location of the HBRI crusher 4
could also be anywhere between shatft furnace 1 and HB machine 9 as desired. Crusher 4,
comprising any suttable conventional crushing machine such as impact crusher or hammer

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

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

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

[0040] As further shown i Fig. 1, the carbon and/or flux are prelimunaridy prepared n g
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 1s
transterred to carbon/fhix bin and feed system 13, where the carbon and/or flux matersal s
stored in the bin and a controlied amount of the material 1s 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 linearly adjusted with the HDRI production rate from shaft
furnace 1 or the HBI production rate fromn the HB machine 9 estimated by, e.g., the roller
speed and the measured HBI density or the direct weight measurement of the HEI

produced.

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

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

-11-
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of undesired low density and strength can cause issues during the transporiation and

storage, especially 1o the case of the HBI being shipped to external off-takers.

[0042] As further shown in FIGT, the mixed material fed to briguette feed screw 8 for
ecach 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 fhix,  Briguette feed leg preheater 7 can be optionally
ingialled for the recycled HBI fines after adding carbon and/or flux and/or HDRI fed
through briquette feed leg 6. As ansther alternative, only carbon and/or flux can be

optionally preheated in carbon/Alux preparation system 12,

{0043] Additnonally, the HDRI may also be optionally cooled as desired prior to entering
crusher 4, described above. As a further aliernative instead of grinding the HDRI 1n crusher

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

[0044] Referring now to FIGs. 2 and 3, FIG 2 15 a schematic diagram idlustraiing an
embodiment of the novel system and method of adding carbon and/or flux at a HPD (hot
product distributory mn a HBI production plant, according to the present disclosure.
Siularly, FIG 3 15 a schematic diagram tlustrating 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 prelmminaridy prepared by carbon/tlux preparation system 12
can be fed mio a lower section of HPD 3 to mux 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 briguetie feed leg 6 and briquette feed screw &
Thus, n this embodunent, even in the case that the afore-described HBI fines recycle

system 22 of FIG. 1 is not applied, the carbon and flux can be added at the HPD S,
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[0045] Tt 13 noted that the number of the feed points 1s the same as the number of briquetie
feed tegs © where, i case the precise control of the feed ratio for each HB machine 9 15
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. Or, in 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 conirolled in the carbon/flux preparation system 12 Feeding of carbon and/or flux to

P

the specific briquetie feed leg 6 can be stopped with carbon/flux isolation valve 15 when

the specific HB machine 9 is idhng.

[0046] As an option, after the carbon and/or flux is fed at the HPD 5, briquette feed leg
preheater 7, similar to that shown tn FIG 1, may be installed at each brniquette feed leg 6
underneath the HPD S to make up any desired temperature of the feed mix to the HB

machine 9.

(00477 Referring now to FIG. 4, FIG. 4 15 a schematic diagram illustrating an embodiment
of the novel system and method of adding carbon and/or flux at a 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 preliminardy to be prepared by
carbon/flux preparation system 12 are fed at through the feed pipe 16 mio each briquette
feed leg 6. The carbon and flux will be further mixed with HDRI as it flows to each HB

machine 9 through brigueite feed screw 8.

[0048] It is noted that the number of the feed points is 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
machine 9 1s needed, the feed ratio of the carbon and flux to each feed pomnt can be
controlled with an independent feed svstem such as screw feeder or rotary valve dedicated
for each teed pomt, cascading the output of each HE machine 9. Or, in case the precise

feed rate control for each HB machine 9 1¢ not required, the total feed rate of carbon and/or
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flux can be controlied in carbon/flux preparation system 12, Feeding of carbon and/or flux
o the specific briguette feed leg 6 can be stopped with carbon/flux 1solation valve 15 when
the specific HB machine 9 is idling. As an option, and as noted above, after the carbon
and/or fhux is fed at the HPD 3 in FIGs. 2 and 3 or at brigueite feed leg 6 in FIG . 4, briguette
feed leg preheater 7 may be installed at each briguette feed leg 6 anderneath the HPD 5 to

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

[0049] Referring now to FIG 5, FIG 5 is a schematic diagram of the elevation
arrangement illustrating an embodiment of the novel system and method of adding carbon
and/or thux ata HB machine feed system i a HBI production plant, according to the present
disclosure. Similarly, FIG. 6 13 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 only briquette feed screw 8 and HB machine 9 of FIG. 3,

according to the present disclosure.

(00507 FiGs. 3 and 6 also particularly illustrate HB machine feed system 17 therein. In
one exemplary embodiment, the carbon and flux preliminanly to be prepared by
carbon/flux preparation systerm 12 are fed through the feed pipe 19 mnto the briquette feed
screw & for each HB machine ¢ through a chute or feed screw thereof, simultaneously with
the HDRI fed through briquetie feed leg 6 {(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 maxed with HDRI with the briguette feed screw &

[00S1] Again, the number of the feed points 1s same as the number of briguette feed screws
8 where, 1n case precise control of the feed ratio for cach HB machine 9 15 needed, the feed
ratio of the carbon and flux to sach feed pownt can be controlied with an 1ndependent feed
svstem such as screw feeder or rotary valve dedicated for each feed pomnt, cascading the
cutput of each HB machine 9. Or, 1n case the precise feed rate control for each HB machine
9 18 not requured, the total feed rate of carbon and/or flic can be contrelled in the

carbon/flux preparation system 12, Feeding of carbon and/or flux to the specific briguetie

~1d-
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fead screw B can be stopped with carbon/flux isolation valve 15 when the specific HBE

machine 2 is 1dling.

[0052] As an option, the carbon and/or fhux fed into the briguette feed screw & can be
prebeated with an electnic resistance beating systemy mnstalied at carbon/hex preparation
system 12, such as preheater 7 described above, before muxing with the HDRI in the

briguette feed screw 8

[00331 Referring now to FIG. 7, FIG. 7 15 a schematic diagram iHlustrating an embodiment
of the novel system and method 80 of adding carbon and/or flux, including options to
maintain the fraction of HDRI fines to improve HDRI strength, according 1o the present
disclosure.  As noted above, the HBI strength can be mmproved 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 HIDRI, which are further

detailed below.

[0054] Option 1; As also shown in FIG 1, HDRI crusher 4 can be installed between shaft
furnace | and HB machine 9 t0 maintain encugh or sufficient fines fraction to obtain the

strong HB1. However, crushing the high temperature DRI may be techmically complicated.

[O055] Option 2; As showo at 26 10 FIG. 7, oxide fines may be mixed with the iron oxade
pellets 21 in any suitable/effective amount before feeding to the shaft furnace 1. This is
effective with a mmnor amount of fines addition, however, 1t 15 noted that too much fines
addition to the oxide can cause, e.g., unstable solid material flow and non-unmiform gas
distribution through the material i shaft furnace 1. Therefore, the allowable amount of
the oxide fines addition may be linuted. Especially, i may be challenging to maintain the

HDRI fines fraction higher than 3wt % only with the oxide fines addition.

[0056] Option 3; This option 15 iHustrated at metalhic fines or oxide fines with carbon/flux

28 m FIG. 7. ¥ metallic fines, such as metal dusts from a dust collection system for, e.g.,
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an HEORI HBY or BRI melting furnace, are avatiable, the metallic fines can be mixed with
carbon and/or flux mn the carbon/flux preparation system 12, Thereafter, the mixture can

be fed to the HBI fines or HBRI as described above with respect to FIGs. 20 6.

[0057] Option 4; This option 1s tHustrated in FIG. 7 at 30, As shown therein with the HDRI
discharge pipe 32, a portion of HDRI discharged from shaft furnace 1 can be diverted to a
DRI cooler 34 Cooling gas flow in/out 44 15 also illustrated for this option to emiployed as
desired. The cocled DRI may then be discharged by a cold direct reduced 1ron (CDRY)
discharge flow control device 36 and processed by a CIRI 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 CIXRI 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 HDRY as described above with respect to FIGs. 2 to0 6. It is further
neded that 1o the case of cold fines bemng 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

>H307C at the HB machine 9.

[0058] Thus, in view of the foregoing, disclosed herein are systems and methods wherein,
advantageously, solid carbonaceous and/or flux maternial can be added to HDRI between
discharging from the shaft furnace and charging to a hot briquette (HB) machine to produce
the HBI for, g, an external off-taker, or the downstream melier to produce liguid steel or

hot metal and so forth.

(0059 Accordingly, in an illustrative embaodiment, a process for producing hot briguetted
ron with increased solid carbonaceous material and/or flux comprises: providing a shaft
furnace of a direct reduction plant to reduce iron oxids with reducing gas; providing a hot
briguette machine 1o produce hot briguetted won; coupling a chute between g} a discharge

exit of the shaft furnace for discharge of hot direct reduced iron and b) an entrance of the

-16-
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hot brigquette machine;, adding solid carbonaceous material and/or flux to the discharged
hot direct reduced won from the shaft furnace to produce a mxture of the discharged hot
direct reduced won and the solid carbonaceous material and/or flux before feeding to the
hot briguette machine; and processing in the hot briqueite machine to produce a product of

"

hot briquetted ron with increased solid carbonaceous matenal 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:
1} coupling a hot briquetted iron fines recycle system, comprising hot briquetted ron
fines, between the entrance and an exit of the hot briquette machine; wheremn the sohd
carbonaceous material and/or flux 1s added to the hot briquetie fines in a recycle loop of
the recycle system for the processing in the hot briquette machine;
i1} 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
to combine with the discharged hot direct reduced iron from the shaft furnace and the
solid carbonaceous matenal and/or flux before feeding to the hot briguette machine
through a brigquette feed leg coupled between the hot briguette machine and the hot
product distributor;
v} coupling a hot product distributor between an exit of the chute and the entrance of
the hot briquette machine;

coupling a briqustte fed leg and a briqustie feed screw between the hot briquette
machme and the hot product distributor;

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

reduced iron are added {0 a brigusette feed screw coupled to the hot brigueite machine;
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vi} providing the hot direct reduced iron to the hot briguette machine n a fing
fraction of less than & mym fines; and at more than 5§ weight percent or more than 10
weight percent,
vii)  crushing the hot direct reduced iron to increase the fraction of the fines before
feeding to the hot briguetie machine;
vitt)  providing the carbonaceous material and/or flux m a fines fraction of less than
200 mm fines; and at less than 20 weight percent or less than 10 weight percent,
X} screening the carbonacecus material and/or flux to decrease the fraction of fines
before mixing with the hot direct reduced 1ron;
) mixing the carbonaceous material and/or flux with water or a binder to make an
agglomeration and decrease the fraction of fines before mixung with the hot direct
reduced iron;
i} preheating with a preheater at least one of 1) the hot direct reduced iron and 2) the
carbonaceous material and/or flux;
xii)  wherein oxide fines and iron oxide pellets are mixed before feeding to the shaf
furnace, to increase the fine fraction of less than 6 mm fines in the hot direct reduced iron
fed to the hot briquette machine;
xi11}  wherein metalhic fines are mixed with the carbonaceous and/or flux material, and
thereafter combined with hot briquette fines or hot direct reduced won hetore entering the
hot briquette machine to increase the fine fraction of less than & mun fines;
x1v}  providing a direct reduced iron cooler coupled to the chute;

discharging a portion of the hot direct reduced iron to the cooler to produce cold
direct reduced fines, which are subsequently etther 1) crushed in a crusher and nmixed
with the carbovaceous and/or fiux material, and thereafier combined with hot direct
reduced iron or hot briguetie fines before entering the hot briquette machine 1o increase
the fine fraciion of less than 6 mm fines in the hot direct reduced won fed to the hot
briquette machine; or 2) screened and nuixed with the carbonaceous and/or flux matenal,

and thereafter combined with hot divect reduced iron or hot briguette fines before
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entering the hot briquette machine to increase the fine fraction of less than 6 mm fines in

the hot briquette wron fed to the hot briquette maching.

{0061 In another illustrative embodiment, a system for producing hot briquetted iron with
increased solid carbonaceous matenal and/or flux comprises: a shaft furnace of a direct
reduction piant configured to reduce iron oxide with reducing gas; a hot briquette machine
configured to produce hot briquetied 1ron; 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
briquette machine; and solid carbonaceous material and/or flux configured to be added to
the discharged hot direct reduced 1ron from the shaft furnace to produce a mixture of the
discharged hot direct reduced wwon and the solid carbonacceous material and/or flux before
feeding to the hot briguetie machine. The mixture is configured to be processed in the hot
briguette machine to produce a product of hot briguetted iron with increased solid
carbonaceous material content of greater than abour 3 weight percent and/or an mcreased

flux content.

[0062] The system may also comprise, one or more of the following, in any combination:
1) a hot briquetted ron fines recycle system, comprising hot briquetted ron fines,
coupled between the entrance and an exit of the hot hriquette machine; wheremn the sohid
carbonaceous material and/or flux 15 configured to be added to the hot briquette fines ina
recvele loop of the recyele system for the processing in the hot briguetie machine;
i1} 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 1¢ configured to be added to
the hot product distributor to combine with the discharged hot direct reduced wron from
the shaft and the sohd carbonaceous material and/or flux before feeding to the hot
briguette machine through a briquetie feed leg coupled between the hot briquette ruachine

and the hot product distributor;
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111} a hot product distributor coupled between an exit of the chuts and the entrance of
the hot briquette machine;

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

wherein the solid carbonaceous material and/or flux 18 configured to be added to
the discharged hot direct reduced iron mn the briguelte feed leg of the hot briguelte
maching which 1s configured to be further mixed at the brigueite feed screw before
entering the hot briquette machine for the agglomerating processing;
W} wherein the solid carbonaceous material and/or flux and the discharged hot divect
reduced iron are configured to be added to a briquette feed screw coupled to the hot
briguette maching;
v} wherein the hot direct reduced tron i1s configured to be provided to the hot
brigueite machine in a fine fraction of {ess than 6 mm fines; and at more than 3 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;
vit)  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;
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 1wory
X} a preheater configured to preheat at least one of 1) the bot direct reduced ron and
2} the carbonaceous material and/or flux;
%) wherein the preheater s an electric heater installed at a briquette feed leg coupled
1o the hot briguette machine;
1} a preheater configured to preheat the hot brniquette 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;
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Xit} a carbonaceous material and/or flux preparation, storage and feed aystem to
produce the carbonaceous material and/or flux added to the hot briguette fines 10 the
recycle system,
xiii)  a mixing device with at least one of an agitator or paddie to mix the carbonaceous
material and/or flux with the hot briquetie 1ron recycled fineg;
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 ron 13 configured to be
diverted to the direct reduced 1ron cooler to produce cold direct reduced fines configured
io 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 briquetie iron configured to be fed to the hot briqueite machine; or 2)
screened in the screen and mixed with the carbonaceous and/or flux matenal; and
thereafter combined with hot direct reduced 1ron or hot briguette fines before entering the
hot briquette machine to increase the fine fraction of less than 6 mm fines in the hot

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

[0063] Although the present iovention is illustrated and described with reference to
preferred emboduments and specific examples thereof, 1t will be readily apparent to those
of ordinary skill m the art that other embodiments and examples may perform suular
functions and/or achieve like results. Al such eguivalent emboduments and examples are
within the spirit and scope of the present invention and are conteraplated thereby, and are
intended to be covered by the following clawms.  Additionally, all elements and features

described heretn may be used in any combination in embodiments.
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CLAIMS

What 15 claimed 1s:
1. A process for producing hot briquetted iron with increased solid carbonaceous
material and/or flux comprising:

providing a shaft furnace of a direct reduction plant (o reduce ron oxide with
reducing gas;

providing a hot briquetie machine to produce hot briquetted iron;

coupling a chute between a) a discharge exit of the shatt furnace for discharge of
hot direct reduced iron and b) an entrance of the hot briguetie 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
briguette machine; and

processing in the hot briquetie machine to produce a product of hot briquetted
iron with increased solid carbonaceous material content greater than 3 weight percent
and/or an mereased flux content to achieve the slag basicity ({/8) required for DRI
melting process.
2. The process of claim 1, further comprising:
coupling a hot briquetied iron fines recycle systern, comprising hot briquetted iton
fines, between the entrance and an exit of the hot briguette machine; whersin the sohd
carbonaceous material and/or flux is added to the hot briquette fines in a recyele loop of

the recycle svstem 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 briguette machine,
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adding the solid carbonaceous material and/or flux to the hot product disiributor
to combing with the discharged hot direct reduced iron from the shaft furnace and the
solid carbonaceous material and/or flux before feeding to the hot briquette machine
through a briguette feed leg coupled between the hot briqueite 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 briquette 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 material and/or flux is added to the discharged hot
direct reduced iron in the briquette feed leg of the hot briquette machine which is further
mixed at the brigueite 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 briguette feed screw coupled to the hot briguette machine,

6. The process of claim 1, compnising providing the hot direct reduced 1ron to the
hot briquette machine in a fine fraction of lese than 6 ram fines; and at more than 5
weight percent or more than 10 weight percent.

7. The process of claim &, comprising crushing the hot direct reduced won to

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

less than 10 weight percent.

a9 The process of claim &, comprising screening the carbonaceous material and/or

flux to decrease the fraction of {ines before mixing with the hot direct reduced wron.

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

mixing with the hot direct reduced ron.

il 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 iron oxide pellets are mixed
before feeding to the shaft furnace, 1o increase the fine fraction of less than 6 mm fines in

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

13 The process of claim ¢, wherein metallic fines are nuxed with the carbonaceous
and/or flux matenial, and thereafier comobined with hot briquette fines or hot direct
reduced iron before entering the hot briguette machmne to increase the fine fraction of less

than 6 mm fines.

14, The process of claim 6, comprising:

providing a direct reduced iron cooler coupled to the chute;

discharging a portion of the hot direct reduced iron to the cooler to produce cold
direct reduced fines, which are subsequently etther 1) crushed n a crusher and muxed
with the carbonaceous and/or flux material, and thereafier 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 mn the hot divect reduced iron fed to the hot
briquette machine; or 2} screened and nixed with the carbonaceous and/or flux material,
and thereafter combined with hot direct reduced iron or hot briguette fines before
entering the hot briguette machine 1o increase the fine fraction of less than 6 mm fines in

the hot briguette tron fed to the hot briquetie machine.

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

a shaft furnace of a direct reduction plani 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 iron and b} an entrance of the hot briguetie machine;

solid carbonaceocus material and/or flux configured to be added 1o 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 matenal and/or flux before feeding to the
hot briguette machine; and

wherein the mixture 15 configured to be processed 1n the hot briguette machine to
produce a product of hot briquetted iron with increased solid 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 wron fines recycle system, comprising hot briquetted ron fines,
coupled between the entrance and an exit of the hot briguetie machine; wherem the solid
carbonaceous material and/or flux 1s 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 sysiem 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 solid carbonaceous material and/or flux before feeding to the hot
briquetle machine through a briquetie feed leg coupled between the hot briqueite machine

and the hot product distributor.

I8 The system of claim 15, further comprising:

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 briguetie feed screw coupled between the hot briquetie
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 iron in the briquette feed leg of the hot briguetie
machine which is configured to be further mixed at the briquette feed screw before

entering the hot briquette machine for the agglomerating processing.

19 The system of clavm 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 machine.
20. The system of claim 15, wherein the hot direct reduced ron is configured to be

provided to the hot brigustte machine in a fine fraction of less than 6 mm fines; and at

more than § weight percent or more than 10 weight percent.

~26~
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21. The system of claim 20, comprising a crusher configured to ¢rush the hoti direct
reduced iron to morease the fraction of the fines before feeding 1o the hot briquette

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 13, coniprising a preheater configured to preheat at least one

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

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

briguette feed leg coupled to the hot briguette machine,

26. The system of claum 16, further comprising a preheater configured to preheat the
hot briquette fines after mpang the carbonaceous material and/or fhwx mn the recycle loop

or the carbonaceous material and/or flux before adding to the recveled hot briguette fines.

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

added to the hot briquetie fines in the recvcle system.

28, The system of claum 27 further comprising a mixing device with at least one of an
agitator or paddie to mix the carbonacecus material and/or flux with the hot briguette ron

recycled fines.
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29. The system of claum 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 wron is configured o be
diverted to the direct reduced 1ron cooler to produce cold direct reduced fines configured
tos be subsequently esther 1} crushed in the crusher and muxed with the carbonaceous
and/or flux material) and thereafter combmed with hot direct reduced iron or hot briquetie
fines before entering the hot briquette machine to increase the fine fraction of less than 6
mm fines in the hot briquetie won configured to be fed to the hot briquette machineg; 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 briquette fines before entering the
hot briquetie machine to increase the fine fraction of less than & mm fines in the hot

briguette 1ron configured 1o be fed to the hot briguette machine.
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