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Rel ated Art BACKGROUND INVENTION

5 Field of the Invention

The present invention relates to a method for

controlling product quality in a conversion of iron-

he

containing feed material into a product useful in the

direct conversion to steel. More particularly, the present .

invention relates to a method for 1nsur1ng quality of the

product by monltorlng the comp051t10n of an 1ron carbide-

containing product and adjustlng process parameters in

direct response thereto.

"Description of the Related Art

The steel industry has relied on a process -that has

- been in use for many years for the conversion of iron ore

into steel. This process involves the conversion of iron

ore to pig iron in a blast furnace using coke produced in

a coke oven and the subsequent conversion of the pig iron

or hot metal to steelnin an open hearth or basic oxygen

furnace. Though relatively simple, this method has a

number . of drawbacks, some of which have become potentially

~devastating to the. steel industry in recent years. First,

- the traditional ‘process of producing' steel is energy

intensive. With the cost and availability of energy in the
near future being unpredictable, the traditional manner of
producing steel faces an uncertain future. Second,

environmental standards now in place in most industrialized
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The steel - industry has relied on a process that has been in use for many
years for the conversion of iron ofe inte steel. This process involves the
conversi on oW092/026a7e to pig iron in a blast furnace using cudiUSYIceRIeEd
in a coke oven and the' subsequent conversion of the pig iron or hot netal
to steel in an open hearth or basic oxygen Farnace. Though rel atively
sinple, this nmethod has a nunber of drawbacks, sone of which have becone
potential |y devast atdunfiuies: makesttdel qqm§@§v¢91¢m eEcrey Yraditionadsstylde
traditional process of producing steel is energgplnten3|ve Wth the cost

and avail ability of Sk FrHF tHPTACALCRbt ur d°bEPAGAUABFRARCPABIE, tohueet
traditional mnner of) AOUICLRGnatEL or (806801 AN arISAEERAD pIdHIILS: neot

Second, environment now I n place |
the standards would be so expensive as to render the cost

5 of the steel produced non-competitive.

Accordingly,' in recent years, a demend has -been
created for new, relatively clean, energy efficient and
les'e expensive. methods for producing steel. In this
regard, a great deal of effort has been directed to the

10 eliminatioﬁ of the blast furnace and the coke oven in the’
steel-making process. .Blast furnaces and coke ovens are
inherenf_ly inefficient, '-requiring large qu:antities of
energy, and are responsible for a large portion of the

- pollution from a traditional steel mill.._ One possible
15 technique that has been studied involves the direct
. conversion of iron-containing materials to iron carbide
followed by the plroduction of steel, thereby eliminating

the blast furnace in the productien of steel. -

U.S. Reissue Patent No. Re. 32,247 to Stephens, Jr.

20 discloses such a procees for the direct production of

steel. In this process, iron ore is convérted to iron

.ca.rbide., Fe,C and/or Fe,C, and the iron carbide is then

converted directlf to steel in a basic oxygen furnace or ah
electric arc furnace, thereby eliminating the blast furnace

25 step altogethef. The key to this process is the conversion
step, in which iron oxide in the iron ore is reduced and

carburized in a single operation using a mixture of
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-2- countries nmake the construction of new traditional-style steel mlls

i mpractical.  To build such a plant' to neet pollution standards or to
nodi fy an exvelobpgesy ant to neet the standards would be so epppAfoYRsAS tO
render the cost of the steel produced non-conpetitive. Accordingly, In
recent years, a demand has been created for_yiew, relatively clean, energy
efficient and | ess expensive ‘nethods for producing steel.. In this

regdrd, a great deﬁkdﬁ&gﬁfl fy ta PaGuOBR adien@ChRE drHdiepRbi-Thgadurdtadcekhe

bl ast furnace and t
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15

20

© 25

e coke oven in the
as carburizing agents.

While +this method of directly producing steel
represents a significant advance in the art, improvements

to the method are desirable. Furthef, a particular need

. exists for a technique for providing for the quality of the

product. It has been found that even minor variations in
the process parameters in the éonverting stép will cause
un&esirgd resﬁlts, and that the required parameters are
difficﬁlt'to maintéin. Even é minor ﬁ%riation from. the
appropriate process parameters' can .caus_e free carbon (C),

free iron (Fe) and/or iron oxides such as Fe,0;, Fe;0, or FeO

;to be produced rather than iron carbide.

A need clearly exists for an improved conversion

method and a method of -gontrolling the conversion ang

- insuring that the final product is acceptable.

SUMMARY OF THE IWENTION

Accordingly, one advantage of the present invention is

) that' the present invention provides' a method for

controlling the quality of iron carbide-containing.produét
produced using “an improved reactor feed conversion
technique. i | _

Yet another advantage is that tﬁe present invention

provides a method for monitoring the composition of the

' conversion product and adjusting the process parameters. in

response to the composition.
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st eel - maki ng process. Blast furnaces and coke ovens are inherently
inefficient, requiring large quantities of energy, and are responsible for

a large portwow2éeune pollution froma traditional steel m Ipcrrusnsioe
possi bl e technlque t hat has. been studi ed involves the direct conversion of

l.ron-containing materials to iron carbide fojlowed by the production of
steel, thereby elinmnating the blast furnace in-.the production of steel.
u s~ Rei ssue Patent No. TReacBPevi Thieo £ &t epbians ad&antdgsclalﬁias‘_nsacboﬁdance
process for the direct production of steel. In this process, ftron oreis
conveited to iron c&ithi g8 perRqseard/ the mer&nanmetmn acaepbadicd arifen

converted directly ocst hn a basi c u;g‘;a{: > Plean c:‘I egtrl c_arc
f ur nace, thereby el95H ﬁéﬁf’ﬂg thet a?stme%}&}ré a&g P T monitoring and
maintaining quality of a product produced in a fluidized
.5 bed reactor ma;nly qompr1s1ng-1ron carbide. The method
includes the steps of determining concentrations of
'individual phase; in a sample of the product, détermininé
whethef the concentrations of the individual phases are
acceptable, and adjﬁsting one or more procéss parameter to
10 change one or more of the concentrations if the.
concentrations are detefmined not to be acceptable.
~Preferably, the'concentrations are determined throﬁgh;
the use'of a Mossbauer épectrometer énalysis on the product
sample, performing a regression analysis on the spectrum
15 generated by the Mossbaue; analysis to determine individual
concentrations, and normalizing the determined individual
phase-concentrafions to.account for estimated purity.
Preferably, the concentrations of Fe, Fe;0,, Fe};-?eo
and Fe,0, are determined. If it is determined that the
20 concentration of Fe is greater than 1 percent, the
concentration of CH, or H, in a process gas can be adjusted.
If it is determined that the concentration of'ircn oxides
-is greater than zépercent, the feed rate of the reactor
- feed can be decfeased. Additionally, if the concentration
25 of FeO is found to be greater then a prédetefmined
quantity, the temperature of the reaction can be  lowered.
The results of the Mossbauer analysis, including the

spectrum in the individual phases, can be displayed via a
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step altogether. The key to this process is the conversion step, in which
i -on oxide in the iron ore is reduced and carburized in a single operation

using a m xt is is the replacenment sheet -3- hydr
reduci ng age%peggzwar bon- beari ng substances as carburi zing 3’%@2\@"&% e

this method of directly producing steel represents a significant advance in
the art, inprovenents.to the nethod are desT?ébLe. Further, a particular

need exists for a teqhRLAUS, f@f< ALYV bE B IOk NepPUALLIN Yf thi®steps are
repeated after a'predeﬁermined fime delay, and.with each
repetition of the method, concentration.measurements.aren
compared with previous concentration measurements to
5 deterﬁine_if any trend is developing whiéh can be resolved
by adjusting one or more of the procéss parameters.
The present invention aiso. provideg é method of
- controlling the composition of a p;oduct produced by a
conversion of reactor feed in a fluidized bed reactor. The
10 method includes the steps of perfofﬁing a Mossbauer
analysis on a sample of converted preduct, calculating a
concentration estiﬁate for predetermined phaseé :in the
sample, determining whether the concentration for each
phase is accebtable and adjusting process parameters to
.15 change the concentrations if the concentrations are not
-accéptable. |
The ﬁrocess parameters which can be controlled inciude
the feed rate of the reactor feed to the fluidized bed
reactor, the composifion of a process gas introduced into
20 the fluidized bed reactor which interacts with the reactor
. feed, fhe temperature in the fluidized bed reactor and the
pressure in the _fluidized bed reactor. Concentration
estiﬁates are pref;rably obtaihed for Fe,C, Fe,0;, Fe;0,, FeO

and Fe.
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pr oduct It has been found that even minor variations in the process
paraneters in the converting step will cause undesired results, and that

the require flBlers are difficult to maintain. . Even a tion
fromthe apg’rvggral at e7epr ocess paraneters can cause free car bpo{]&sgi@Hgﬁl

iron (Fe) and/or iron oxides such as [err] __ or FeO to be produced rather
than iron carbide. A need clearly exists for. an inproved conversion nethod

and."a nmethod of controlling thgGEYWRESRPPTESE I THE] gﬂmg g the final
product is acceptable. SUWARY THE I'NVENTI ON Accordi ngly, one advant age

of the present inventiopigs 1htd a tdthemateseliagtdiy &t i) enfodind@s o a
method for controlling the quality of iron carbide-containing product
. system for controlling product gquality for use with the
present invention:; and

5 - Fig. 2 illustrates a flow chart of an embodiment of

the process according to the present invention.

DESCRIPTION OF THE 'PREFERRED EMBODIMENT
The present inventors have developed an improved
technlque for converting 1ron-conta1n1ng reactor feed to
10 iron carbide, and more partlcularly, Fe,C, which is the
predomlnant form of iron carblde produced. The reactor
feed is typically a mixture of iron oxides such as
magnetite (Fe;0,) and hematite (Fe,05) and other haterials;
such as gangue and water, rather than consisting entirely
15 of one material. As used herein, the term reactor feed
‘refers to anyf material useful in the practice of the
present invention:; lfor example, iron ore and iron ore

concentrate. '
‘The reactor feed is preferabhly treated prior to
20 conversion. This treatment comprises preheatiné the
reactor feed in an oxidizing atﬁosphere. Preferably, at
least a portion of ;ny magnetite (Fe;0,) in the reactor feed
is converted to hematite (Fegg) in this oxidizing step.
This precess is described in detail in commonly assigned
25 U.S. Patent Application No. 07/561,189, entitled "PROCESS
- FOR PREHEATING IliON_—CONTAINING REACTOR FEED PRIOR TO BEING

.TREATED IN A FLUiDIZED BED REACTOR". - The inventors have
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produced using an inproved reactor -feed conversion technique. Yet another
advantage is that the present invention provides a nethod for nonitoring

the conposi tyw@yaafeiie conversion product and adjusting the pceegsHi/ 05199
parapeters in response to the conposition. -4- To achi eve the foregoing

advant ages and in accordance with the pur posg_ of- the present invention, as
enbodi ed and descri bed herein, a nethod is provided for nmonitoring and

mai at ai ni ng qual i t)fo@hdatﬁéﬂdé'cfeﬁ&iucf%@dl ﬁa@ﬂuﬁ Ui fi7 &k ide mostly in the
form of hematite more readily converts to iron carblde than
reactor feed comprising mostly.magnetlte. The preheatlng
step will not only oxidize the magnetite to hematite, but
5 it.can also stabilize and/or eliminate suifur and reduce
the amount of frée moisture in the reactor feed, thus
improving the yield and thé'efficieﬁcy of the conversion.
Addition;lly, the design of the fluidized bed reactor '
in which the conversion of the reactor feed to iron carbide
10 - takes place has been modified, as ‘described in more detail -
in - commonly assigned U.S. Patent Application No.
' 07/561,076, entitled "FLUIDIZED BED REACTOR AND PROCESS FOR |
USiNG SAME". Baffles have been added to the reactor to
create plug flow conditioﬁs andiregqlate residence time of
15 the reactor feed in the reac_:tof, thus reducing problems
caused by reactor feed short circuiting the reactor and
resulting- in uncoﬁve'rteq feed mate-rial in the product.
Plug flow enables utilization of the entire area of the
reactor while requiring only a single feed point and a
20 -single discharge point. This permits the most efficient -
use of incoming process gas,-sinqe the process gas contacts
the reactor feed -as. it flows through the fluidized bed to
efficiently and e%fecﬁively convert the reactor feed to
iron carbide.
25 The process gas includes both reducing and carbﬁrizing
agents. Hydrogen gas is preferably'used'as the reducing
gas, although carbon monoxide or hydrocarbon gases or

mixtures of hydrogen with carbon nonoxide and hydrocarbon
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bed reactor mainly conprising iron carbide. The net hod includes the steps
of determ ning concentrations of individual phases in a sanple of the
product, detW@A240264J whet her the concentrations of the indi HNPIHIRRILs
are acceptabl e, and adjusting one or nore process paraneter to change one
or frore of the concentrations if the concen8rations are determned not to
be acceptable. Preferably, the concentrations are determ ned through the.

use of a Mbsshauer9afRtt F3¥eter WHRd-ysi EYgrogeR PRr8ddS RERARTES%etT ofRf ng
o Gt erni ne | nai SEeRuihd Sad PRELAUID GACIALGR LI NEMIBEORETARBLYR) ¢

_t-o _de_term'neindiv _entralons, and normali zirn etermn
i ndi vi dual phase cQpceP!rgh{oBe leRs2tFOvaholed %%bin”%h@d o¥$cbhY¥, thereby

Preferably, the concentrations of Fe, [err], Fe
) providing easier recycling of the off-gas than with other

5 possible.reduciﬁg gases. Methane is preferred for the
garburizing gas, although carbon monoxide, other. hydro-~ .
carbon gases and solid carbon may be used. Additionally,

. the source of the methane may bé another hydrocarbon gas or
a combination of gases that crack or otherwise cbmbine to
10 form methane under the conditions'preseht in the reactor.
In theory, a wide range of carbonaceous materialé ﬁay be
employed to supply the cafbon necessary for the formation
of iron cafbide. Whatevgr gases are actually used to férm
- _the process gas, by reacting.thése gases in rather brecise :
15 quantities with the reactor feed at certain temperatures
and pressures, the reactor feed will be converted to Fe;C,
the preferred type of iron carbide.
Regardless of the gas inpuf, the equilibrium gas
system comprises five dases. These include water (Hén,.
20 carbon monoxide (CO), carbon dioxide (CO,), hydrogen (32)
and methane (CH,), although other gases, such as ni#rogeﬂ
(N,), méy be present in the system. 1In commonly aséigned
- U.S. Patent Application No. 67/561,100, entitl.ed “METHOD
FOR CONTROLLING THE CONVERSION OF IRON—CQNTAIﬁING REACTOR
25 FEED INTO IRON'CAkéIDE," a process for controlling the
| conversion based on the composition of ﬁhe five gas

equilibrium system is disclosed.
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and-[err] are determ ned. If it is determ ned that the concentration of
Fe is greater than 1 percent, the concentration of [err] or [err] in a
process gas %‘929626@5“ usted. If it is determ ned that the COW{%@/ Qb of
iron oxides I's greater than 2 percent, the feed rate of the reac eed
can,be decreased. Additionally, if the conceptration of FeOis found to be
greater then a predetermined-quantity, the © nperature of the reaction can

be {owered. The results paf h@gghgéééaqg&nﬁpalx§l %ngcl§gbﬁge&he §pﬁct£#gn

in the individual phases can di spl ayed via a e rep acenen
sheet- conversion of reactor feed is the difficulty in achieving

high conversion to iron carbide. Equilibrium constraints

result in the formation of products other fhan iron carbide

5 when even minor deviations in process parameters take
place. At_higher temperatﬁres, residualloxygen can remain

in the product in the form of wustite, which can limit the

efficiency of the conversion of the product to steel. While
a.small amount of non-iron carbide material is desired in

10 the product to act as slag in the conversion of the product
~to steel in the.appropriate furnace, too much non-iron
carbide material results in an inefficient conversion to

steel, requiring additional amounts of energy for the
conversion. .

15 . Among the factors that can affect the product are the
composition of thé reactor feed being fed ipto the
fluidized bed reactor and the rate. at which ﬁhe reactor

feed is fed into the fluidized béd reactor. For example,

'if.no oxidizing and'pfeheating or minimal.oxidizing and

20 . preheating takes place, sulfur in the reactor feed will not
be eliminated; reducing the yield of iron'carbide in the

final product.“ §imilar1y, water in the reactor feed might

not be ellmlnated thereby dlsturblng the equilibrium and
reduclng the efficiency of the process of convertlng the

25 reactor feed to iron carbide. _Further, if the feed rate of
the reactor feed to the fluidized bed is too fast, the

reactor feed does not spend enough residence time in the
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-5- printer or display or the like. Preferably, the steps are repeated
after- a predetermned tinme delay, and with each repetition of _the nethod,
cdoncentrati 8YP M9%H enent s are conmpared with previous concerﬁqug?)“oswg
nmeasurenents to determne i.f any trend is devel opi ng which-can be resol ved
by adjusting one or nore of the process parHireters. The present invention

al so provides a nethod .of caontrolling.the conpositi,on of a prodyct produced
by -a conversion off¥EEHEEA R i Hhershvyith *Bdd "Peém%’rn.vg’fﬁggnﬁfﬁﬁ r

el e 0 el Y SrpBgegzstiaver anclys < on 8 same of
phases in the sanple, damAngrlynNgaWietderatdentivicein raid @lokowigdchaste
| enefgy and material; After a certain amount of residenceR
5 time in the fluidized bed, which can be calculated for the
particular reaétor feed, additional time spent by the
reactor feed in the reactor bed will causé no additional
reactor feed to‘bé cdnvgrted to iron carbide or will cause
such a small amount to be converted to iron carbide that-
10 the return for that time is minimal, i.e., the efficiency
of the overall process is reduced and the cost in energy.
and conversion material is not worth the additional iron
carbide convertéd.
The present invention resolves these p;oﬁlems by usiﬁg
15 a highly particularized control system. Referring to
‘Figure 1, the system for contfolling the quality of the
product is illustrated. Reactor feed is preférably pre-
heated and oxidized in a kiln 10 or like device ahd then is -
fed via a feed mechahism 12 into a fluidized bed 14. More
20 specifically,'thé reactor feed is fed into a fluidized bed
' 16 of the design discuséed abov;.Eontained in the fluidized
bed reactor 14. P#ocess gas is fed fhrough the fluidized
bed 16 via a windbox (not:shown) beneath the fluidized bed
16. Depending Iupon the préssure, tempefature, and
25 composition of the procesé gas, the reactor feed reacts
with the process gas to convert the reactor feed to iron

carbide. Upon leaving the fluidized bed 16, samples of the

converted'product are analyzed in a Mossbauer spectrometer

__....____________;___~
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phase is acceptable and adjusting process .paraneters to change the
‘concentrations if the concentrations are not acceptable. The process

par amet ers Wyioose/éx47 be controlled include the feed rate of tprg/0SHAIsP9
feed,to the fluidized bed reactor, the conposition of a process gas

introduced into the fluidized bed reactor which interacts with the reactor
feed, the tenperature in the fluidized bed reactor and the pressure in the
flutdi zed bed reacthel. paCangeshr e WosiHausht epeateonstderadlis caaiteed

for [err] FeO and Fe.
i computer 20, which calculates the composition of the sample
based on the Mossbauer data.
One method by which the computer 20 may calculate the
©§ . . composition of the sample is by a regression- analysis
technique. In this _technique, raw spectrum data is
analyzed by a program running on thé computer 20. It is
-known that each phase in a sample has its own individual
spectrum in the overall spectrum. The computer 20 locates
10 and identifies the'ihdividual spectrum,Oand integraﬁes the
area under the curve for the individual_spectrum. The
analysis for the overall composition of the samplé-is.then
adjusted for the estimated.purity of thé'sample. This is
required because typicaliy the phases analyzed will include
15 iron éompounds such as Fe;C, Fe,0;, Fe;O,, FeO and Fe, buﬁ
there will typically be other non-iron phases in the sample
which are not measured By yossbaue;_spectrometry but which
can be deteimined by chemical or x-ray fluorescence
analysis. :Accordingly, thé calculated concentrafions are
20 normalized at the'estimated'purity of the sample.

‘Based on tﬁe cpmposition of the sampled product, the
compﬁter: 20 can be programmed to adjust the process
parameters. Alterﬁatively or additionally, the computer 20
may be programmed_to'display the results of the regressidn
25 _' analysis at a display.zz, which can comprise a CRT, printer

or the.like. If the composition of the sampled product is
not satisfactory,.the computer 20;'if so programmed, or an

operator, via the computer 20 through a terminal 24, can
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BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1.is a schematic diagram of an
enbodi ment of a systemfor controlling product quality for use with the
present i nveM@i93M264ind Fig. 2 illustrates a flow chart of anPERISAMIEIY of
the process according to the present invention. DESCRI PTION OF THE
PREFERRED EMBODI MENT The present inventors¥ave devel oped an inproved

t echni que for converting iron-containing reactor feed to iron, carbide, and

more particul arly,tqke rgteRs &e iadiuss dBROFERE PBFATSEETS ofP cOFBFTet

produced. = The re ctor f d |s t | | of iron oxides such as
magnetite [err]. a {ﬁm o] herg‘rg‘%&egr‘?a s, such as gangue and

water, rather than Con%bﬁlbﬁgmﬁﬂélrf%)khe_nossbauer analysis has indicated

that the product'cdntains too much iron oxide (i.e., FeO,
5 Fe, 04, Feso,.) , then the computer 20 can cause the. feed
mechanism 12 to slow the feed rate of the reactor feed into
the fluidized bed 16, thereby increasing the feaction time-
for any given portion of reactor feed and -more fully
converting the feed to iron'éarbide. ‘Typically, up to 2%
'16 iron oxide is acceptable, as the iron oxide acts as'slag in
the convérsion of the product to steel. More than about 2%
iron oxide-in thé product causes unnecessary additional

energy to be required to convert the product to steel.
Alternatively,'should the iron ca:bidé composition be
15 unnecessarily high, the'computer 20 can cause the feed
mechanism 12 to increase the feed rate of fhe reactor feed
ﬁo the fluidized bed 16 to fedqce residepce time in the
fluldlzed bed 16. Lower iron carbide coﬁcentrations'may be
acceptable if the result would be lower energy and mater1a1
20 costs and faster processing of the reactor feed and,
therefore, higher pro&uction rates. Depending oh the
concentration of other phases, the iron oxide concentration

may be too low if it is less than 0.5% to 1.5%.

In the reactor feed, it is:expected that as much as 4
25 percent of the feed may be gangue. Due to the conversion
process,.the amount_ of gangue in the product may increase
by as mucﬁ as 50 percent of the concentration of the gangue

in the feed. It is for this reason that the gangue content
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of one materi.al. As used herein; the termreactor feed refers to any

mat erial useful in the practice of the present invention; for exanple, iron

ore and ironwgyesesagentrate. The reactor feed is preferablyd,iﬁgf,gﬂgg
priot to conversion. This treatnment conprises preheating t

feed in an oxidizing atnobsphere. Preferably,,at least a portion of any
magnetite [err] in the reactor feed is converted to hematite [err] in this

oxi di zi ng step. Thiss MHRC@aRpLE fESEdkdednitd Q%ahhtlaufmegwﬂ &/ ragtegtsh
U S. Patent Application No. 07/561, 189, entitled "PROCESS FOR PREHEATI NG

| RON-F CONTAI NI NG REAMBIRsEEED PRI OR TO BEI NG TREATED IN A FLUIDIZED BED
REACTOR'. The inventors have This is the repl acement sheet

O0f significant importance to the process is the

concentration of metallic iron (Fe) in the product. It is
5 expected and acceptable if the concentration of metallic

iron in the product is as high as 1 percent by weight.

However, if thé Mossbauer analysis indicates that the

metallic iron concentration exceeds 1%, then one or more

process parameters should be adjusted to. reduce this
10 concentration. ]

The computer 20 can also control a number of other
procéss parameters in response to an unsatisfactory
analysis of the product sample.. For example, should the
metallic iron concentration exceed 1%, the Fe content can

15 be-lowered by increasing the amount of CH, and/or reducing
the amount of H, in the process gas. The computer 20 can _
control the amount of H, gas and cmglgas which is added to
the recycied off-gas.to comprise the process gas. These
gases are supplied by respective éources 32, 34, and the

20 amount of each gas permitted to be added into the-process
gas is controlled by réspective computer controlled valves
38, 40. Accordlngly, by controlling the valves 38 and 40,
the amount of H, and CH, entering the process gas can be
controlled. As will be appreciated, other desired gases

25 may be added to the process gas and controlled in an
analogous manner. -

Should the analysis indicate that excess FeO is .

present:in'the product sample, a number of steps. can be
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-7- found that a reactor feed having iron oxide nostly in the form of
~hematiite nore readily converts to iron carbide than reactor feed conprising
nost |y nmagnavO®©e/02é47e preheating step will not only oxidi ze PEFUSALASIOPt
to hematite, but it can also stabilize and/or elimnate sul fur and reduce
the ampbunt of free mpisture in the reactor-fsed, thus inproving the yield
and the efficiency -of the conversion. Additionally, the design of the
fl yidi zed bed readtaken rcavrehedhetiohveitiatiosf. t heor eexanpld,edtkq owiklon
car bi de t akes pl ace has been nodified, as described in nore detajl
typically only form if the reaction temperature is above
approximately 600°C. Accordingly, by lowering the reactipn
,tempefature to below aboﬁt 600°C, FeO in the product can be
. 5 elimipated. This can be accomplished by lowering the
temperature'td vhich a gas heater 44 heats the process gas
ﬁrior to being introduced to thg'fluidized bed reactor 16.
-Alternatiﬁely, the femperatﬁre to which the kiln 10'heats
the reactor feed can be decreased to lower the tempefature.
10 _ Additionally, slowing of the feed rate'hhd/or increasing -
- the amount of CH, and decreasing the amount of H, added to
.the process gas can causeiless FeO to be.preéent in the
product.
Similarly, ancther potential alterngtive to decreasing
15_ the feed rate when an excess of iron oxides is found in_the
product sample would be to increase the amount of H, in the
process gas. j This will cause additional oxygen to be
removed from the reactor feed iﬁ!thé form of the water
during the reaction. Further, the recycling of the_off—gas
20 may be adjusted to_ decreaé'e the amount of H,0 in the
recycled off-gas. For example, lowering the temperature of
cooling ﬁater in a .scrubber 46, the temperature of the off-’
% gas is reduced, théreby and reducing the amount of H,0 in
' the off-gas.
25 Deﬁénding on the analysis- of the Mossbauer
spectrometer, a combination of the  above actions may be
required or manipulation of only a single process parameter

may be necessary to adjust the p}oduct composition. -
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in comonly assigned U S Patent Application No. 07/561, 076, .
~eptitled "FLU DI ZED BED REACTOR AND PROCESS FOR USI NG SAME'. Baffles have
been added t ctor to create plug flow conditions and t

resi dence tiﬁgio 0 hg reactor feed in the reactor, thus reducfﬁgﬂggé !g%s
caused by reactor feed short circuiting the reactor and resulting- in
unconverted feed material in the product. PP&@ fl ow enables utilization of

therentire area of the E\Saﬁ%_%éu&@ci AT ggngggpg%'?{ﬂ G Pelal €8d POLM AN

a single discharge point. IS permts the nost efficient use of I ncomng
process gas, Sincedfhaner #eesba@as £ANlyaiksSohhehé edldplay @@dana ihpht sy

through the fluidized bed to efficiently and effectively convert the
reactor feed to ir@ppcapiidbe changes to be carried out by the computer 20
- through the terminal 24 rather than relying on the computer
5 20 to automatically make these changes. The system can be
designed so fhat the oéerator can either override the
computer 20 or work in conjunction with the computer 20.
The process for mainéaining quality of the product
produced in tﬁe conversion process will now be described
10 = with additional reference to the .flowchart of Figure 2.
Following the rgagtion of the reactor feed with the
process gas, a sample of the reaction pfoduct is removed
and ana;yzed in the Mossbauer spectrometer 18 (step 100).
The results of this analysis are fed to the computer 20,
15 which détermines the individual concentrations of the
individua; phases iﬁ the product, e.g. using the regression
analysis technique described above (step 102). The
computer 20 tﬁen compares the éoncentration levels to.
acceptable parameters fbf the'p}oduct, which are stored in.
26 . the memory 26 (stéps 104, 108 and 112). For example, if
the computer 26 dete:mines that the concentration of iron
.oxide is greater than 2 percent (step 104), theﬁ the
computér 20 may c;use the feed mechanism 12 to slow down
the rate at which reactor feed.is fed into the fluidizgd
25 ‘bed 16 (step 106). This will increase the time the reactor
| feed spends in the -fluidized bed. 16, thereby allowing
additional reactor feed to be converted to iron carbide..

.Alternafively, the amount of H, in the process gas can be

This Sheet Has Been Replaced .
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The process gas includes both, reducing and carburizing agents. Hydrogen
gas i's preferably used as the reducing gas, although carbon nonhoxi de or

hydr ocar bonm;;/@z& m xtures of hydrogen wi th carbon nonoxiger/@861/05199
hydr ocar bon - gases may be used. Hydrogen gas is preferred as the
redlci ng gas because the oxidation product_ %L hydr dgen, water, may be
easily renoved fromthe off-gas, thereby providi ng easier recycling'of t he

~off-gas than with ;o het passhbleadteHEnSxgaeRSand Mihadeeks (Bteherdad for
t he. carburi zi ng gas, although carbon nonoxi de, other hydro-

Conversely, should the iron carbide concentration be
greater than a predetermined concentration, indicating'that
too much time is being spent in the fluidized bed 16 (step.
5 108), the computer 20 can cause the feed mechanism 12 to
increase the rate at which the reactor feed is fed to the
fluidized bed 16 (step 110).: .
Additionaliy, the concentration of Fe in the sample is
compared to a maiimum allowable ooncentrafion, which is'
10 preferably 1% (step 112). If it is determihed tha£ the
concentration of. Fe is too high, then the coinputef 20
increases the CH, in the process gas éf deoreasee.the H,
(step 114), as discussed above.
As noted above, the computer 20 may be programmed to
15 monitor a number of other concentrations (step 116).
Depending on the findings, the computer 20 will adjust the -
process parametere accordingly to change.the composition of
the product (step 118}. | -
As dlscussed above, adjustments can be made if the
go : computer 20 is able to determine that a trend has developed
which will lead to unacceptable concentrations of certain
- phases 'in the product. In step 120, the oomputer 20
compares the conceptrations from the prior sampie or a
series of prior samples to determine if a trend has
25 developed (step 122). The computer 20 can adjust the
process parameters dccordingly prior to the productlon of
any sub-standard product (step 124). For example, if the

iron oxide concentration in consecutive samples has been
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carbon gases and solid carbon may be used.- Additionally, the source of the
met hane may be anot her hydrocarbon gas or a conbination of gases that crack
or otherw sew9ipiig,t 0 form methane under the conditions preﬁ@ﬁbsbﬂoé@@ _
reactor. In theory, a wde range' of carbonaceous materials nay be enp ed
to supply the carbon necessary for the for i_on of iron carbi de V\hat ever
gases are actually used to formthe procesg%éas by reacting these gases in

rat her precise quanhifhgs #é{ﬁﬁtﬁg’gre@&t Qrokeed At sserdai pht enpahalur es,and

pressures, the reactor converted to. Fe C, the preferred type

of iron carbide. Re@aipdlte&szofcaxhedgaetl tielt fedd@atgUahd BiHidHebyapreyehen
conprises five gases. These include water (H20), carbon nonoxide (CO,
carbon di oxi de [ er Hrodpgtodpanipg?pn unacceptable level of ir_on oxide from

being produced.

5 . Data from the analysis is f_hen stored in memory 26‘ for
use in future analysis and the constructioﬁ of historic
lines to aid in control of the conversion process (step
126). |

After the computer 20 has eompleted its analysis, a

10 new sami:le can be taken immediately or after a
predetermined period of time has passed (step 128).

Actual removal of the sample from the product leaving
the fluidized bed 16 can be performed mechanlcally or by an
operator. In any case, the sample is transferred to the

-15 Mossbauer epectrometer 18 for analysis. Additionally,
'rafﬁer thah a c_omputer' making the changes, concentration
data obta:ined from the Mossbauer analysis can be displayed
on the displey 22 to be read by an opera't;or. The operator
can then input changes to the process parameters through a |

20 terminal 24, and command the computer 20 to make the
appropriate changes. Alternatively, the computer 20 can be
programmed to make the changes automatically, with the
operator having the ability to override any command or make
certain parameter adjustments deemed to be outside the

25 control limits set by the computer prog_i‘ams-.

While one embodiment of the invention has been
discussed, ;‘Lt will be appreciated by those skilled in the

art that various modifications and variations are possible
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and nmet hane [err] although other gases, such as nitrogen [err], may be
present-in the system - In comonly assigned U S. Patent Application No.
07/ 561, 100, weygasedear " METHOD FOR CONTROLLI NG THE CONVERSI ONPOF/US91/05199

| RON- CONTAI NI' NG REACTOR FEED | NTO I RON CARBIDE, " a.process for controlling
t he® conversi on based on the conposition ofighe five gas equilibriumsystem
i $ %di scl osed. -9- As discussed above, a mjor problem wth the
conversi on of reaeiw°dteedie|parthagd|fn‘qm::ulthy i spiciti ewndg acgpe cfvettbeon

to iron carbide. Equilibriumconstraints
' invention, as defined by the clains.
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result, in the formation_aqf_pr uctso9 edr.-th_an I ron carbi de when even m nor

h

devi ations in process py?’ t AL ace. At hi gher tenperatures,

resi dual oxyggnoxessst enai H E ct in the formof wistpd@usdfbsibe can
of the product to steel. Wile a

limt the efficiency of t
snmal,| anount .of non-iron carbide material ii_ggdesired in the product to act
as slag in the conversion of the product: to steel in the appropriate '
furfhace, too nmuch waati rencraimidlagraterial results in an inefficient
conversi-on to steel, requiring additional anounts of energy for the
conversion. Anong the faetord mekhodarfer f monitéming odndt maimtiliming the
conposition of the reagtor feed bei ng fed intqg the flujdjzed bed réactor
and the rate at whiRRILEE @513 product mainly comprising iron carbide

produced in a fluidized bed reactor from reactor feed, said

method comprising the steps of:
5 (a) determining concéntrati'o_ns of individual phases in
a sample of the iron carbidé—conténining product; -
' (b) determining whether the concentrations of the '
" individual phases of the product aré acceptable; and |
(¢) adjusting one or-more process éar-ameter to change
10 one or nior_:e of the concentrations if the concentrations are
determined not to be acceptable in said step (b).
2. A methpd according to Claim 1, wherein said step
- (a) comprises the substeps of:
(i) conducting a Mossbauer analysis of the saﬁple of
“the product,

5 (ii) performing a regression aﬁalysié of results of
the Mossbauer analysis to determine the- individual
phase concentrations, and -

(iii) normalizing the determined individual phase
concentrations to  account for estimated product

10 .. purity. | . |

3. A metho_d': according to Cl,aim'l, wherein said step

(a) comprises determining concentrations of Fe, _Fe_,:,ou Fe,C,

FeO and Fe,04. |
4. A method—according to Claim 3, wherein said step
(b) further comprises determining whether the conceh{:,ration

of Fe is greater than 1%, and said step (c) further

R



feed is fed into the flul QggRg or. For example, if neo oxidizing
and preheating or mini d preheating takes place, sulfur in
the react or Woesi/02647 n ﬂ“ﬂﬂ%ﬁ reduci ng the yield BETAUSSWOEE® DI de
in the final product. in the reactor feed mght not be
eI|n1nated t her eby dlsturblng the equi | i*bepoum and reduci ng the efficiency
of the process of converting the reactor feed to iron carbide. Further, if
the-feed-rate of thempeisesradicsting athagast eneecdf heddnsengyatien of Hléi‘

reactor feed does not spend enough residence time in the -10-
5 and concentratlon of H, in a process gas if the

'concentratiqn of Fe is determined to be greater than 1%.
5. A method according to-Claim 3, wherein said step

(b) .further comprises determining whethef a combined

éoncentration of FeO, Fe,0; and Fe;O, is greater than 2%, and -

said step (c) further comprises decreasing a feed rate of
5 the reactor feed into the fluidized bed reactor if the

combined -concentration is greater than 2%.

| 6. A method according to Claim 3, wherein said-step-

:.(b) further cémprises determining whether the concentration

of FeO is greater than a desired quantity, and wherein said

step (c) fﬁrther comprise§ lowering a'reaction temperature
5 .if it is 'determined that the concentration of FeO is .
greater thén the desired quantity.

7. A method according to Claim 1, further
comprising, prior to said step (c), the'step-of displaying
the individual concentrations on a display.

8. A method according to Claim 2, further
comprising, following said step (a), the step of (e)
displaying the spectrum from the Mossbauer analysis and
displaying the normalized individual phasé éonéent#ations.

9. A method according to Claim 1, further comprising
the step of repeating said steps (a), (b) and (c) after a'
predetermined time delay. |

10. A method accordlng to Claim 1, further comprising

the steps of:

RO A 1



fluidized bed, thereby resulting in unconverted reactor feed in the
product. Sinmilarly, a feed rate which is too slowwill waste energy and
material . Af{y@yozo%kdftai n anount of residence tine in the fl i, gesi/636b
whi ch can be calculated for the particular reactor feed, additional tine
spept by the reactor feed in the reactor tmggfgll cause no additional

reactor feed to be convertgd to irop carbideor will cause such a.sna!
amount- to_be ConVerted_%9)'&Qﬂpéfiﬁﬁ‘%%etBéﬁcéﬁ%&dﬁﬂ&%&ho%0£ndi¥¥ddé1”§hé§es
mnimal, i.e., the efficiency of the overall process is reduced and the

cost in energy and converithoprewicisigl déterminedocomedritrakdonti ondeteffine
carbi de converted. The present invention resolves these problens by using
5 if any detrimental trend is developing; and -
(ii) adjusting,oné or more of the process parameters
to change-Oné or more of the concentrations if it'is
determiﬁed that a detrimental trend exists.
11. A method according to Claim 1, wherein the
process paramgtérs include.a feed rate to the fluidized.bed
reactor, compositiqn of'a ﬁrocess gas, temperature in the

fluidized bed reactor,land pressure in the fluidized bed

1) reactor.

This Sheet Has Been RTlaced

(D

R 0RO DL



a highly particul ari.zed control system - Referring to Figure 1, the system
for controlling the quaﬂh[stsyeooﬂasmhel gct is illustrated. Reactor feed is
preferabl y pW@-92ﬂBé17ed a | a kKiln 10 or |ike devPCE/USW/OSIREN i s
fed via a feed nmechanis di zed bed 14. More specifically, the
reactor feed is fed |nto UI |zed bed 1620% the design discussed above
contained in the fluidized bed reactor 14. Process gas is fed through the
fluwdized bed 16 via a Wndbbxme‘n'desﬁﬁwﬁ?n‘é%bhmg tthe foamippisitdohedflén

Dependi ng upon the pressg) & erat ure nd conposition of the
process gas, the r&h@For P&Ld Feﬁ%’f‘% W‘ﬂ?t ?J‘f WessPHAGESR cofYEIRT t he

reactor feed to irgg,gardidle: pf%hét%ﬁ"”f@ﬂdt gﬁ £l wi&f&éﬂ%é@ea%m' gg of

t he converted product are an I n a Mossbauer. spectronete
the product, comprising the steps' of:

5 (a) perfprming a Mossbauer analysis on a sample of

.cenve:ted product exiting the fluidized bed reactor;

(b) : sepa;ating individual phase speetra angd
integrating edch‘ .individual spectra to obtain a
concentration estihete for desired phases in the sample:;

10 (c) defermining whether the product is acceptable
"based on the relétive concentrations for each phase; and

(d) adjusting process parametefs to change the .
relative concentrations if the relative concentrations are
determined.not to be acceptable. .

13, A mefhod of contfolling the composition of a
product according to élaim 12, wherein said process
parameters include a feed rate to the fluidized bed
reactor, composition of a proceSslgas introduced into the

5 fluidized bed'reactqr, temperature in the fluidized bed
reactor, and pressure in the fluidiZed bed reactor.

14. A method of controlling the composition of a
pfoduct according . to Claim 12, wherein the individual phase
spectra include 'spéctra for Fe;C, Fe,05, ' Feso,;, FeO and Fe.

15. A method of controlling the composition of a
product according to Claim 12, further comprising,
foilowing said step (b), the step of displaying the

individual phase spectra graphically.

TR A D



18. Data fromthe Mvsshauer speettometer 18 is fed to a conputer 20, which
cad cul ates the conposition of t he sa &edased on the Mossbauer data. One

met hod by whi p&sg.pnpﬂ'h uI ate the conposition
Is by a regre@?i%n anal ysi n this techni que, raw gjr'%{;qm
I s anal yzed by a programr corrputer 20. It is knovvn t hat each

phase in a sanple has its own indivi dual spe ffumin the overall spectrum-

The “conputer 20 | ocates 'ilgd |q\erﬁétfﬂ {h 6@@&'1 g‘%alt% ec ﬁ%l@g?hgf a

I nt egrat es the area under fhe curve

spec
product accordlng to Claim 12, further comprising,

follow1ng said step (b), the step of displaying the
integrated individual ' spectra graphically against an
optlmum 1nd1v1dual spectra. -

17. A method of controlllng the composition of a
product according ‘to Claim 12, wherein said step (c)
further comprises determining whether the concentration of
iron oxide in the product is greater than 2%, and said ste;ﬁ

(d) comprises decreasing a feed rate if it is determined

‘that the concentration of the iron oxide is greater than

2%.

18. A method of controlling the c__:om;')osition of a

. product according  to claim 12, wherein said step (c)

furt;her comprises determining whether the c'oncentrat.:ion of
metallic iron in the pfoduct is greater than 1%, and saigd
step (d) further. conprises adjusting the composition of a
process gas if it' is determined that the concentration of
metallic iron is greater than 1%.

19. A method of éontrolling the composition of a
product accor;iing to Claim 12, further comprising the step
of repeating said; stéps (a) through (d) after a des_ired'
period of time. . | | —

'20. A method of controlling the composition of a
product éccording to Claim 12, wherein the individual phase
spectra .include sﬁectra for Fe,C, Fe,0;, Fe;0O;, Feo and Fe,
and wherein said step (c) further comprises determining

whether the concentration of Fe;C is greater than a desired

. * [ L M S *



anal ysis for the overall conposition of the sanple is then adjusted for the
estimated purity of- the-sanple. This is required because typically the
phases anal 2»?#* i nclude iron conmpounds such as [err] Fe ut
there will ﬁg?ca y7 be other non-iron phases in the sanple whic 9§rssewﬁot
neasured by Mossbauer spectronetry but whi gg4gan be determi ned by chenical
or ¥x-ray fluorescence anal ysis. Accordingly? the cal cul ated concentrations
arg-normal i zed at {henesty MR B4 L¥ed! (d)Nu Rl CcomfRIdsOMbbEasing a
conposition of the sanpled product, the conputer 20 can be progr amed X o
adj ust the process fpadarxterit ifl iedeteirnthyd hatrddhé i esrddntrathen cmueer
20 may be programmed to display the results of the regression analysis at a .
di spl ay 22,  whi ch &gs¢ @¥qeedsetheclgsiyad suantity. '

21. A method of _controlling the composition of a

product according to Claim 12, wherein said step (b)
further domprises oﬁtaining a cbncentration estimate- for
Feb," and wherein said step (c) further dompriseé

5 determining whether the concentration of the FeO is above
a aesireﬁ iimit, an& wherein said step (d) further
comprises decreasing artémperature in-the fluidized bed

reactor if it is determined that the concentration of Fe0O

is above the desired limit.
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or the like.

pr oduct .

For e

If the conposition of the sanpl ed product
t he conputer 20, if so programmed, or an operator, via the conput
t hrough a term nal
to adjust the proces

2
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(57) Abstract

A method of controlling product quality in a conversion of reactor feed to an iron carbide-containing product in a fluid-
ized bed reactor (16). A Mossbauer analysis is performed (18) on product samples leaving the fluidized bed reactor (16), and a .
regression analysis is performed on the Mossbauer data. Depending upon the results of the regression analysis, process parame-
ters are adjusted in order to obtain a product having 2 desired composition. Adjustments are made to the temperature and pres-
sure in the fluidized bed reactor, rate of feed (12) to the fluidized bed reactor (16), and the composition of the process gas which
reacts with the reactor feed in the fluidized bed reactor (16), dependent upon the analysis results.
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the fluidized bed 16, thereby increasing the reaction tinme for any given
pertion of reactor feed and nore fully converting the feed to iron carbide.
Typical |y, U¥O®8/02647 ron oxide is acceptable, as the iron oxiP4d/ERMNLH5EY .
slag in the conversion of the product td étzel . More t han about 2%iron
oxide in the product causes unnecessary addi-tional energy to be required to
coqﬁert the product to steel. Alternatively, shoukd the iron carbide
conposi tion be unnecessarily high, the conputer ~can cause the feed
mechani sm 12 to increase the feed rate pf—the pedehor feeeqto the fluidized
bed 16 to reduce residence tine in tQe 1f bui fli zed=zbdd 16> Lower "iron carbide-
concentrations may be acceptable if cNhg cesfl t V\%| d He &oypetQenergy and
mat eri al costs and faster processing of é@e rrefc fee@§a1d,
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therefore, higher production rates. Dependi ng on the concentration of
qt.her* phases, the iron oxide concentratlon may be too lowif it is less
than 0.5%:t Wolodseqy N the reactor feed,- i s expected that gsr/ik6irosie 4
percent of-the feed may be gangue. Due t02t/hé conversi on process, the
~anount of gangue in the product may increase by as nuch as 50 percent of
thet"concentrati on of the gangue in —~Jt-is for this reason that the
gabgue content This is the repl acen'gnt Swget i -13- of the sanple is taken
into account during the regression : -

'|PERFORM MOSSBAUER
FIG. 2 CANALYSIS OF A |~ 100
PRODUCT SAMPLE

| ! .
~ DETERMINE CONCENTRATIONS
102~ OF INDIVIDUAL PHASES -OF THE
PRODUCT BASED ON DATA FROM
THE MOSSBAUER SPECTROMETER

106
\

SLOW FEED RATE/
INCREASE Hy IN
PROCESS GAS

110
/7
_ CARBIDE . INCREASE FEED
CONCENTRATION RATE TO REACTOR

INCREASE CH, / |
DECREASE Hy IN
PROCESS GAS

(
114

ADJUST PROCESS
PARAMETER(S)
ACCORDINGLY

(
118

COMPARE MEASURED
CONCENTRATIONS 0 1\_129
PRIOR MEASUREMENTS

128 N PREDETERMINED
TIME DELAY

[

ADJUST PROCESS
PARAMETER(S)
ACCORDINGLY STORE DATA
/ 126-] IN MEMORY
124 1

L
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analysis. Of significant inportance to the process is the

.concentration of netallic iron (Fe) in th rqgﬁqArﬂWEm$EﬁEﬁ§Bted gp
acceptable if the concentration of netalli acﬁgnddqhq)aaé.bducm riaged#®..hilgh
as 1 percent by weight. However, if the (p\analg,,sps ‘ilmcpaged tlhat

the nmetallic iron concentration exceeds 19 1250 1 i¥Re aa-abq@ge&...?

paraneters should be adjusted to reduce lgsauga’@ﬁmge@orrputer
20 can al so control a nunber of other proc

Q

-,
s |

Hen a
"" "o tg

par neter “'n reig nse to lan
unsatisfactory analysis of the product sample.. For exa_rp It he
metal lic iron concentration exceed 1% the}FOATShELFEEA] o rmm-r--é-:r by
i ncreasi ng the anobunt of CH4 and/or reducing

PROCESS FOR CONTROLLING THE PRODUCT
QUALITY IN THE CONVERSION OF REACTOR
FEED INTO IRON.CARBIDE

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a method for
controlling product quality in a conversion of iron-
containing feed material _into a product useful in the
direct conversion to steel. More particularly, the prééent
invention relates to a method for insuring quality of the
product by monitoring the composition of an iron carbide-

containing product’ and adjusting process - parameters in

direct response théreto.

Description of the Related Art

The steel industry has relied on a process that has
been in use for many years for the conversion of iron ore
into steel. This process involves the conversion of iron
ore to pig iron in a blast furnace using coke produced in
a coke oven and the subsequent conversion of the pig iron
or hot metal to steel in an open hearth or basic oxygen
furnace. Though relatively simple, <this .method. has a
nunber of drawbacks, some of which have become potentially
devastating to the: steel industry in recent years. First,
the traditional process of producing steel is energy
intensive. With the cos£ and availability of energy in the
near future being unpredictable, the traditional manner of
producing steel faces an uncertain future. Second,
environmental standards now in place in most industrialized
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the amount of H2 in the process gas. The conputer 20 can control the anount
:of H2 gas and [err] gas which is added to the recycled off-gas to conprise
the process gas. These gases are supplied by -respective sources 32, 34,
and the amount of each gas permitted to be added into the process gas is
control l ed by respective conputer controlled valves 38, 40. Accordingly, by
controlling the valves 38 and 40, the ampunt of [err] and [err] entering
the process gas can be controlled. As will be appreciated, other desired
gases may be added to the process gas and controlled in an anal ogous
manner. Should the analysis indicate that excess FeOis present in the
product sanple, a nunber of steps can be This is the replacenent sheet

—2..
countries make the constructioﬁ of new traditional-style
steel mills impractical.. To build such a plant to meet
pollution standards or to modify an existing plant to meet
the sténdards would be so'expensive as to render the cost
of tpe steel produced non-competitive.

Accordingly, in recent years,

a demand has been

created for new, relatively clean, energy efficient and

less expensive methods for producing steel. In this
regard, a great deal of effort has been directed to the
elimination of the blast furnace and the coke oven in the'
steel-making process. Blast furnaces and coke ovens.are
inherentl§ inefficient, trequiring large qﬁantities of
energy, and are'responsible for a large portion of the
. pollution from a traditional steel mill. One possible
technique that has been studied involves the

direct
conversion of iron-containing materials to iron carbide
followed by the production of steel, théréby eliminating
the blast furnace in the production of steel.

U.S. Reissue Patent No. Re. 32,247 to Stephens, Jr.
discloses such a process for the direct production of
steel. In this process, iron ore is converted to iron -
carbide, Fe,C and/or Fe,C, and the iron carbide is then
converted directly to steel in a basic oxygen furnace or an’
electric arc furnace, thereby eliminating the blast furnace
step altogether. The key to this process is the conversion
step, in which iron oxide in the iron ore is reduced and

carburized in a single operation using a mixture of
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-14- taken to renedy this situation. For exanple, FeOw Il typically only
formif the reaction tenperature is above approximately 600[err]C.
Accordingly, by lowering the reaction tenperature to bel ow about 600[err]C,
FeO in the product can be elim nated. This can be acconplished by
| owering the. tenperature to which a gas heater 44 heats the process gas
prior to being introduced to the fluidized bed reactor 16. Alternatively,
the tenperature to which the kiln 10 heats the reactor feed can be
decreased to | ower the tenperature Addgtionally, slowing of the feed rate
and/ or increasing

hydrogen as a reducing agent and carbon-bearing substances

as carburizing agents.

While this method ' of directly producing steel
represents a significant ad\'rance in the art, improvements
to the method are desirable. Further, a particular need
exists for a technique for providing for the quality of the
product. It has been found that even minor variations in

the process parameters in the Eonverting step will cause

undesired results, and that t:he required parameters are

difficult to mamtam. Even a minor var:.atlon from the

appropriate procesé parameters can cause free carbon (C),
free iron (Fe) and/or iron oxides such as Fe,0;, Fe,0, or FeO
.to be produced rather than iron carbide.

A need clearly exists for. an improved conversion
method and a method of -éontrolling the conversion and

insuring that the final product is acceptable.

SUMMARY OF THE INVENTION
Accordingly, one aiivantagé of the present invention is
. that the present inventioq provides a method for
controlling the quality of iron carbide-containing product
produced using “an improved reactor feed conversion

o4

technique.

Yet another advantage is that the present invention
provides a method for monitorihg the composition of the

conversion product and adjusting the process parameters in

response to the composition.
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t he amount of CH4 and decreasing the amount of [err] added to the process
.gas can cause less FeOto be present in the product. Simlarly, another
potential alternative to decreasing the feed rate when an excess of iron
oxides is found in the product sanple would be to increase the anmobunt of

[err] in the process gas. This will cause additional oxygen to be renoved
fromthe reactor feed in the formof the water during the reactson.

Further, the recycling of the off-gas may be adjusted to decrease the
amount of H20 in the recycled off-gas. For exanple, |owering the
tenperature of cooling water in a scrubbef 46, the tenperature of the off-
gas is reduced, thereby and reducing the anmnount of H20 in the off-gas.

To achieve the foregoing advantages and in accordance
with the purpose of the present invention, as embodied and
described herein, a method is provided for monitoring and
maintaining quality of a produét-produced in a fluidized
bed reactor mnainly qomprising iron carbide. The method
includes the steps of determining concentrations of
individual phase; in a sample of the product, détermining
whether the concentrations of the individual phases are
acceptable, and adjusting one or more process parameter to
change one or more of the concentrations if the
concentrations are determined not to be acceptable.

Preferably, the concentrations are determined through .
the use of a Mossbauer spectrometer analysis on the product
sample, performing a regression analysis on the spectrum
generated by the Mossbauer analysis to determine individual
concentrations, and normalizing the. determined individual
phase concentrations to account for estimated purity.

Preferably, the concentrations of Fe, Fes0,, Fe;C, FeO
and Fe,0; are determined. If it is determined that the
concentration of Fe is greater than 1 percent, the
concentration of CH, or H, in a process gas can be adjusted.
If it is determined that the concentration of iron oxides
is greater than 2’percent,cthe feed rate of the reactor
feed can be decreased. Additionally, if the concentration
of FeO is found to be greater then a predetermined
quantity, the temperature of the reaction can be lowered.

The results of the Mossbauer analysis, including the

spectrum in the individual phases, can be displayed via a
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Debending on the analysis of the Mssbauer spectroneter, a
. conbi nati on of the above actions may be required or mani pulation of only a
singl e process paraneter nay be necessary to adjust the product

conposi tion. -15- As discussed above, an operator can read the results
of the Mossbauer analysis on the display 22 and i nput any appropriate
changes to be carried out by the conputer 20 through the term nal 24 rather
than relying on the conputer 20 to automatically nmake these changes. The
system can be designed so that the operator can either override the

_5_

printer or display or the like. Preferably, the steps are
repeated after a predetermined time delay, and with each
repetition of the method, concentration measurements are

compared with previous concentration measurements to

determine if any trend is developing which can be resolved
by adjusting one or more of the process parameters.

The present invenfion also provides a method of
contrdlling the composition of a product produced bf a
conversion of reactor feed in a fluidized bed reactor. The
method includes the steps of perfofﬁing a Mossbauer
analysis on a sample of converted product, calculating a
concentration estimate for predetermined phaseé- in the
sample, determining whether the concentration for each

phase is acceptable and adjusting process parameters to

change the concentrations if the concentrations are not

-accéptable.

The ﬁrocess parameters which can be controlled include

the feed rate of the feactor feed to the fluidized bed

reactor, the composition of a process gas introduced into

the fluidized bed reactor which interacts with the reactor

feed, the temperature in the .fluidized bed reactor and the

pressure in the fluidized bed reactor. Concentration

>

estimates are preferably obtained for Fe,C, Fe,0;, Fey0,, FeO

and Fe.
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conputer 20 or work in conjunction with the conputer 20. The process for

. maintaining quality of the product produced in the conversion process wll
now be described with additional reference to the flowhart of Figure 2.

Foll owi ng the reaction of the reactor feed with the process gas, a sanple

of the reaction product is renoved and anal yzed in the Mossbauer

spectroneter 18 (step 100). The results of this analysis are fed to the

conmput er 20, which determ nes the individual concentrations of the

i ndi vi dual phases in the product, e.g. using the regression analysis
techni que described above (step 102);6_ The conputer 20 then conpares
the concentration levels to acceptable paraneters for the product, which

are stored in the nenory 26 &P dESOATPHLfSH @7 THE 2Drawhifds exanpl e, if

Fig. 1 is a schematic diagram of an embodiment of a
system for controlling product quality for use with the
present invention: and

Fig. 2 illustrates a flow chart of an embodimént of

the process according to the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

The present inventors have developed an improved
technique for converting iron-containiﬁé reactor feed to
iron carbide, and more particularly, Fe,C, which is the
predominant form of iron carbide produced. The reactor
feed is typically a mixture of iron oxides such as
magnetite (Fe;0,) and hematite'(Fe§§) and other materials,
such as gangue and watef, rather than consisting entirely
of one material. As used herein, the term reactor feed
refers to any material useful in the practice of the
present invention; for example, iron ore and iron ore
concentrate.

‘The reactor feed is preferablf treated prior to
conversion. This tréatment comprises preheatiné the
reactor feed in an oxidiiing atmosphere. Preferably, at
least a portion of ény magnetite (Fe,0,) in the reactor feed
is convefted to hematite (Fe{%) in this oxidizing step.
This process is described in detail in commonly assigned
U.S. Patent Application No. 07/561,189, entitled "“PROCESS
FOR PREHEATING IRON—CONTAINING REACTOR FEED PRIOR TO BEING

TREATED IN A FLUIDIZED BED REACTOR". The inventors have
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the conputer 20 determnes that the concentration of iron oxide is greater
-than 2 percent (step 104), then the conputer 20 nay cause the feed
mechani sm 12 to sl ow down the rate at which reactor feed is fed into the
fluidized bed 16 (step 106). This will increase the tinme the reactor feed
spends in the fluidized bed 16, thereby allow ng additional reactor feed to
be converted to iron carbide. Alternatively, the amount of [err] in the

process gas can be This is the replacenent sheet -16- increased to react
wi th oxygen and formwater (step 106)'.

-7=
found that a reactor feed haviﬁg iron oxide mostly in the
form of hematite more readily converts to iron carbide than
reactor feed comprising mostly magnetite. The préheating
step will not only oxidize the magnetite to.hematite, but
it can also stabilize and/or eliminate sulfur and reduce
the amount of free moisture in the reactor feed, thus
improving the yield and thé'efficieﬁcy of the conversion.
Addition;lly,-the design of the fluidized bed reactor
in which the conversion of the reactor feed to iron carbide
takes place has been modified, as ‘described in more detail -
in * commonly assigned U.S. Patent Aﬁplication No.
07/561,076, entitled "FLUIDIZED BED REACTOR AND PROCESS FOR
USING SAME". Baffles haye been added ﬁo the reactor to
create plug flow conditions and regulate residence time of
the reactor feed in the reactof, thus reducing problems
caused by reactor feed short circuiting the reactor and
resulting- in unconverted feed material in the produ'ct. |
Plug flow enables utilization of the entire area of the
reactor while requiring only a single feed point and a
single discharge point. This permits the most effiéient'
use of incoming process gas, '‘since the process gas contacts
the reactor feed as it flows through the fluidized bed to
efficiently and effectively convert the reactor feed to
. iron carbide. _
The process gas includes both reducing and carburizing
agents. Hydrogen gas is preferably used as the reducing
gas, although carbon monoxide or hydrocarbon gases or

mixtures of hydrogen with carbon monoxide and hydrocarbon
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Conversely, should the iron carbide concentration be greater than a

. predeterm ned concentration, indicating that too nmuch tine is being spent
in the fluidized bed 16 (step 108), the conputer 20 can cause the feed
mechanism 12 to increase the rate at which the reactor feed is fed to the

fluidized bed 16 (step 110). Additionally, the concentration of Fe in the
sanple is conpared to a maxi nrum al | owabl e concentration, which is

preferably 1% (step 112). |If it is determned that the concentration of Fe
is too high, then the conputer 20 increases the CH4 in the process gas or
decreases the [err] (step 114), as discussed above. As noted above, the

conputer 20 may be programmed to nonitor a number of other concentrations
(step 116). gases may be used. Hydrogen gas is preferred as the
| reducing gas because the gxidation product of hydrogen,
water, may be easily removed from the off-gas, thereby
providing easier fecycling of the off-gas than with other
poss;ble reducing gases. Methane is preferred for the
carburizing gas, although carbon monoxide, other. hydro- -
carbon gases and solid carbon may be used. Additionally,
the source of-the methane may be another hydrocarbon gas or
a combination of gases that crack or otherwise combine to
form methane under the conditions preseht in the reactor.
In theory, a wide range of carbonaceous materials may be
employed to supply the cafbon necessary for the formation
of iron carbide. Whatever gases are éctually used to fbrm
_the process gas, by reacting these gases in rather precise
quantities with the reactor feed at certain temperatures
and pressures, the reactor feed will‘be converted to Fe,C,
the preferred type of iron carbide.

Regardless of the gas input, the equilibrium gas
system comprises five i;ases. These include water (H)0), '
carbon monoxide (CO), carbon dioxide (CO,), hydrogen (H,) e
and methane (CH,), although other gases, such as nitrogen
(N,) , may be present in the system. In commonly assigned
U.S. Patent Application No. 07/561,100, entitled "METHOD
FOR éONTROLLING -THE CONVERSION OF IRON~CONTAINING REACTOR
FEED INTO IRON CARBIDE," a process for controlling the

conversion based on the composition of the five gas

equilibrium system is disclosed.
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Dependi ng on the findings, the conputer 20 will adjust the process
. paraneters accordingly to change the conposition of the product (step
118.). As discussed above, adjustnents can be nade if the conputer 20 is
able to determine that a trend has devel oped which will lead to
.unaccept abl e concentrations of certain phases in the product. In step
120, the conputer 20 conpares the concentrations fromthe prior sanple or a
series of prior sanples to determine if a trend has devel oped (step 122).
The conputer 20 can adjust the process paraneters accordingly prior to the
production of any sub-standard product (step 124). For exanple, if the iron

oxi de concentration in consecutive sanpl e®has been This is tie repl acenment
sheet '

As discussed above, a major problem with the

conversion of reactor feed is the difficulty in achieving

high conversion to iron carbide. Equilibrium constraints

result in the formation of products other than iron carbide
when even mninor deviations in process parameters take
place. At higher temperatures, residual 6xygen.can remain
in the product in the form of wustite, which can limit the
efficiency of the conversion of the product to steel. While
a small amount of non-iron carbide material is desired in
the product to act as slag in the conver;ion of the product
to steel in the appropriate furnace, too much non-iron
carbide material results in an inefficient conversion to
steel, requiring additional amounts of energy for the
conversion. .
aAmong the factors that can affect the product are the
composition of the reactor feed being fed into the
fluidized bed reactor and the rate at which the reactor
feed is fed into the fluidized ved reactor. For example,
if no oxidizing and pfeheating or ninimal oxidizing and
.. preheating takes place, sulfur in the reactor feed will not
be eliminated; reducing the yield of iron carbide in the
final product. Similarly, water in the reactor feed.might
not bé eliminated: thereby disturbing the equilibrium and
reducing the efficiency of the process of converting the
reactor feed to iron carbide. ‘Further, if the feed rate of
the reactor feed to the fluidizéd bed is too fast, the

reactor feed does not spend enough residence time in the
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Dat e: -17- slowy increasing to close to 2% of the sanple, the conputer
.20 can adjust the feed rate and thereby prevent a product having an

unacceptable I evel of iron oxide from being produced. Data fromthe
analysis is then stored in nenory 26 for use in future analysis and the
construction of historic lines to aid in control of the conversion process
(step 126). After the conmputer 20 has conpleted its analysis, a

-10-
. fluidized bed, thereby resulting in unconverted reactor
feed in the product.

Similarly, a feed rate which is too slow will.waste
energy and material. After a certain amount of residence
time in the fluidized bed, which can be calculated for the
particular reactof feed, additional time spent by the
reactor feed in the reactor bed will cause no édditionai
reactor feed to bé converted to iron carbide or will cause
such a small amount to be converted to iron carbide that-
the return for that time is minimal, i.e., the efficiency
of the overall process is reduced and the cost in energy
and conversion maﬁerial is not worfh the additional iron .
carbide converted.

The present invention resolves these problems by using
a highly particulﬁrized control system. Referring to
Figure 1, the system for controlling the quality of the
product is illustrated. Reactor feed is preferably pre-
heated and oxidized in a kiln 10 or like device and then is
fed via a feed mechanism 12 into a fluidized bed 14. More

specificaliy, the reactor feed is fed into a fluidized bed
16 of the design discussed above‘ﬁontained in the fluidized
bed reactor 14. Process gas is fed through the fluidized
bed 16 via a windbox (not shown) beneath the fluidized bed
16. Depending ’upon the pressure, temperature, and
composition of the process gas, the reactor feed reacts
with the process gas to convert the reactor feed to iron
carbide. Upon leaving the fluidized bed 16, samples of the

converted product are analyzed in a Mossbauer spectrometer
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new sanple can be taken inmmediately or after a predetermned period
of tinme has passed (step 128). Actual renoval of the sanple fromthe
product leaving the fluidized bed 16 can be performed nmechanically or by an -
operator. In any case, the sanple is transferred to the Mssbauer
spectronmeter 18 for anal ysis. Addi tionally, rather than a conputer nmaking
t he changes, concentration data obtained fromthe Mssbauer anal ysis can be
di spl ayed on the display 22 to be read by an operator. The operator can

t hen i nput changes to the process paraneters through a term nal 24, and

command the conputer .20 to make the appqgg&jate_changes. Al ternatively,
the conputer 20 can be progranmed to make e changes automatically, wth

the operator haviyg tlisaRbigrohy the RYSEHAEEr APect¥BHRRErOhs TREefed to a
computer 20, which calculates the composition of éhe sample
‘based on the Mossbauer data. |

One method by which the computer 20 may calculate the
composition of the sample is by a régression anaiysis
technique. In this technique, raw spectrum data is
analyzed by a program running on the computer 20. It is
known that each phase in a sample has its own individual
spectrum in the overall spectrum. The computer 20 locates

.and identifies the individual spectrum,'and integrates the
area under the curve for the individual spectrum. The
analysis for the overall composition of the sample is then
adjusted for the estimated'purity of the sample. This is
required becaﬁse typically the phases analyzed will ihclude
iron compounds such as Fe;C, Fe,0y, Fey0,, FeO and Fe, but
there will typically be other non-iron phases in the sample
which are not measured by Mossbauer spectrometry but which
can 'be determined' by chemical or x-ray fluorescence
analysis. Accordingly, the calculated concentrations are
normalized at the estimated purity of the sample.

Based on the composition of the sampled product, the
computer 20 can be programmed to adjust the process
parametérs. Alterﬁatively or additionally, the computer 20
may be'programmed to display the results of the regression
analysis at a display 22, which can comprise a CRT, printer
or the like. If the composition of the sampled product is
not satisfactory, the computer 20, if so programmed, or an

operator, via the computer 20 through a terminal 24, can
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certain paranmeter adjustments deemed to be outside the control limits set
by the conputer prograns. Wil e one enbodi nent of the invention has been

di scussed, it will be appreciated by those skilled in the art that various

nmodi fications and variations are possible wi thout departing from the

spirit and scope of the invention, as defined by the clains. -19-
-12-~

take steps to adjust the proceés parameters'in order to
change the composition of the product.

For example, if the Mossbauer analysis has indicated
that the product ‘contains too much iron oxide (i.e., FeO,
Fe,O0;, Fe;0,), then the computer 20 can cause the feed
mechanism 12 to slow the feed rate of the reactor feed into
the fluidized bed 16, thereby increasing the reaction time-
for any given portion of reactor feed and more fully\
converting the feed to iron carbide. .Typically, up to 2%
iron oxide is acceptable, as the iron oxide acts as slag in
the conversion of the product to steel. More than about 2%
iron oxide in the product causes unnecessary additional
energy to be required to convert the product to steel.

Alternatively, should the iron carbide composition be
unnecessarily high, the computer 20 can cause the feed
mechanism 12 to increase the feed rate of the reactor feed
to the fluidized bed 16 to reduce residence time in the
fluidized bed 16. Lower iron c&rbide concentrations may be
acceptable if the result would be lower energy and material
costs' and faster processing of  the reactor feed and,
therefore, higher production rates. Depending on the
concentration of other phases, the iron oxide concentration
may be too low if it is less than 0.5% to 1.5%.

In the reactor feed, it is.expected that as much as 4
percent of the feed may be gangue. Due to the conversion
process, the amount of gangue in the product may increase
by as much as 50 percent of the concentration of the gangue

in the feed. It is for this reason that the gangue content
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What Is Cained Is: 1. A method for nonitoring and maintaining the

.quality of a product mainly conprising iron carbide produced in a fluidized
bed reactor fromreactor feed, said nmethod conprising the steps of: (a)
determ ni ng concentrations of individual phases in a sanple of the iron
car bi de-contai ning product; (b) determ ning whether the concentrations of
the individual phases of the product are acceptable; and (c) adjusting one
or-nore process paraneter to change one or nore of the concentrations if
the concentrations are determned not to be acceptable in said step (b). 2

A nmet hod according to Claim1l, wherein saldastep (a) conprlses t he subst eps
-of : =

of the sample is taken into account during the regression

analysis. ' ‘
Of significant importance to the process is the
concentration of metallic iron (Fe) in the product. It is

expected and acceptable if the concentration of mgtallic
iron in the product is as high as 1 percent by weight.
_However, if the Mossbauer analysis indicates that the
metallic iron,concentfation exceeds 1%, then one or more

proéess parameters should be adjusted to reduce this
concentration. )
The computer 20 can also control a number of other

process parameters. in response to an unsatisfactory

analysis of the product sample.. For example, should the
metallic iron concentration exceed 1%, the Fe content can

be lowered by increasing the amount of CH, and/or reducing

the amount of H, in the process gas.' The computer 20 can

control tlhe amount of H, gas and CHQ.gas which is added to
the recycied off-gas to comprise the process gas. These
gases are supplied by respective éources 32, 34, and the
amount of each gas permitted to be added into the process
gas is controlled by respective cdmputer controlled valves
38, 40. Accordingly, by controlling the valves 38 and 40,
the amount of H, and CH, entering the process gas can be
controlled. As will be appreciated, other desired gases
may be added to the process gas and controlled in an
analogous manner.

Should the analysis indicate that excess FeO is

present in the product sample, a number of steps can be
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(T) conducting a Mdssbauer analysis of the sanple of the product, (ii)
performng a regression analysis of results of the Mdssbauer analysis to
determ ne the individual phase concentrations, and (iii) normalizing the
determ ned i ndi vi dual phase concentrations to account for estinmated product
purity. 3. A nmet hod according to Claim1l, wherein said step (a) conprises
determ ning concentrations of Fe, [err] FeO and [err] 4. A net hod
according to Claim3, wherein said step (b) further conprises determ ning

whet her the concentration of Fe is greater than 1% and said step (c)
further -14-

taken to remedy this situation. For example, Fe0 will
typically only form if the reaction temperature is above
approximately 600°C. Accordingly, by lowering the reaction
temperature to below about 600°C, FeO in the product can be
elimipated. This can be accomplished by lowering the
temperature to which a gas heater 44 heats the process gas
prior to being introduced to the fluidized bed reactor 16.
Alternat;vely, the temperature to which the kiln 10 heats
the reactor feed can be decreased to lower the temperature;
Additionally, slowing of the feed rate "and/or increasing -

" the amount of CH, and decreasing the amount of H, added to
the process gas can causeiless FeO to Be preéent in the
product.

Similarly, another potential alternative to decreasing
the feed rate when an excess of iron oxides is found in the
product sample would be to increase the amount of H, in the
process gas. This will cause additional oxygen to be
removed from the reactor feed in the form of the water
during the reaction._ Further, the recycling of the off-gas
may be adjusted to decrease the aﬁount of H,0 in the -
recycled off-gas. For example, lowering the temperature of
cooling water in a scrubber 46, the temperature of.the off-

° gas is reduced, thetreby and reducing the amount of H,0 in
the offégas.

Depending on the analysis of the Mossbauer
spectrometer, a combination of the above actions may be
required or manipulation of only a single process parameter'

may be necessary to adjust the product composition.
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This is the replacenent sheet - -20- conprises adjusting at | east one of a
.concentration of [err] and a concentration of H2 in a process gas if the
concentration of Fe is determned to be greater than 1% 5. A et hod '
according to Claim3, wherein said step (b) further conprises determ ning
whet her a conbi ned concentration of FeO, [err] and [err] is greater than
2% and said step (c) further conprises decreasing a feed rate of the

reactor feed into the fluidized bed reactor if the conbined concentration
Is greater than 2% -

—15_

As discussed above, an operator can read the results
of the Mossbauer ahalysis on the display 22 and input ahy
appropriate changes to be carried out by the computer 20
through the terminal 24 rather than relying on the computer
20 to automatical;y make these changes. The system can be
designed so that the operator can either override the
computer 20 or work in conjunction with. the computer 20.

The process for maintaining quality of the product
produced in the conversion process will now be described
with additional reference to the .flowchart of Figure 2.

Following the reaction of the reactor feed with the
process gas, a sample of the reaction product is removed

and analyzed in the Mossbauer spectrometer 18 (step 100).
The results of this analysis are fed to the éomputer 20,
which determines the individual concentrations of the
individual phases in'the'product, e.g. using the regression
analysis technique described above (step 1.02). The
computer 20 then compares the éoncentratiop levels to
acceptable parameters for the p¥oduct, which are stored in
. the memory 26 (steps 104, 108 and 112). For example, if
the computer 26 determines that the concentration of iron
oxide is greater than _2 percent (step 104), theﬁ the
computer 20 may c;use the feed mechanism 12 to slow down
the rate at which reactor feed is fed into the fluidized
bed 16 (step 106). This will increase the time the reactor
feed spends in the fluidized bed 16, thereby allowing

additional reactor feed to be converted to iron carbide.

Alternatively, the amount of H, in the process gas can be
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6. A nmethod according to Claim 3, wherein said step (b) further conprises

_ determ ning whether the concentration of FeOis greater than a desired
quantity, and wherein said step (c) further conprises |lowering a reaction

tenperature if it is determned that the concentration of FeOis greater

than the desired quantity. 7. A method according to Caim 1,

further conprising, prior to said step (c), the step of displaying the

i ndi vi dual concentrations on a display. 8. A method according to

Claim 2, further conprising, following said step (a), the step of (e)

di spl ayi ng the spectrumfromthe Mssbauer anal ysis and displaying the

normal i zed indivi dual phase concentrati 6iHé™ 9. A net hod according to

Cdaiml, furtheriégygyégaigg react with'oxygen and form water (step 106)".

Conversely, should the iron carbide concentration be
greater than a predetermined concentration, indicating that
too much time is being spent in the fluidized bed 16 (step
108), the computer 20 can cause the feed mechanism 12 to
increase the rate at which the reactor feed is fed to the
fluidized bed 16 (step 110).

Additionaliy, the concentration of Fe in the sample is
compared to a maiimum allowable concentrafion, which is

preferably 1% (step 112). If it is determined that the

concentration of Fe is too high, then the computer 20

increases the CH, in the process gas or decreases the H, -
(step 114), as discussed above.

As noted above, the computer 20 may be programmed to
monitor a number of other concentrations (step 116).
Depending on the findings, the_computer 20 will adjust the
process parameters accordingly to change the composition of.
the product (step 118).

As discussed above, adjustments can be made if the
computer 20 is able to determine that a trend has developed
which will lead to unacceptable concentrations of certain
phases in the préduct. In step 120, the computer 20
compares the concéﬁtrations from the prior sampie or a
series of prior samples +to determine if a trend has
developed (step'122). The computef 20 can adjusﬁ the
process parameters accordingly prior to the production of
any sub-standard product (step 124). For example, if the

iron oxide concentration in consecutive samples has been
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the step of repeating said steps (a), (b) and (c) after a predeterm ned
time delay. 10. A nethod according to Claiml, further conprising the steps
of : -21- (i) conparing the concentrations of individual phases with
previ ously determ ned concentrations to determne if any detrinental trend

I's devel oping; and (ii) adjusting one or nore of the process paraneters to
change one or nore of the concentrations if it is determned that a
detrinmental trend exists.

-17-
slowly increasing to close to 2% of the sample, the
computer 20 can adjust the feed rate and thereby prevent a

product having an unacceptable level of iron oxide from

being produced.

Data from the analysis is then stored in memory 26 for
use in future analysis and the construction of historic
lines to aid in control of the conversion process (step

126).

After the computer 20 has completed its analysis, a

new sample can be taken immediately or after a

predetermined périod of time has passed (step 128).
Actual removal of the sanmple from the product leaving
. the fluidized bed 16 can be performed mechanically of by an
operator. In any case, the sample is transferred to the

Mossbauer spectrometer 18 for analysis. Additionally,

rather thah a cpmputer'making the changes, concentration
data obtained from the Mossbauer analysis can be displayed
on the displéy 22 to be read by an operator. The oper#tor
can then input changes to the process parameters through a
terminal 24, and command the computer 20 to make the
appropriate changes; Alternatively, the computer 20 can be
programmed to make the changes automatically, with the
operétor having thé ability to override any command or make
certain parameter adjustments deemed to be outside the
control limits set by the computer programs. -

While one émbodiment of the invention has been

discussed, it will be'appreciated by those skilled in the

art that various modifications and variations are possible
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Sarer -G JAN 097



11. A method according to Claim1, wherein the process paraneters include a
feed rate to the fluidized bed reactor, conposition of a process gas,
tenperature in the fluidized bed reactor, and pressure in the fluidized bed
reactor. -22- 12. A nethod of controlling the conposition of an iron
car bi de- cont ai ni ng product produced during a conversion of reactor
feed in a fluidized bed reactor to the product, conprising the steps of:

(a) performnmi ng a Mossbauer analysis on a sanple of

-18-
without departing from the spirit and scope of the

invention, as defined by the clainms.
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converted product exiting the fluidized bed reactor; (b) Separating

1 ndi vidual phase spectra and integrating each I ndi vi dual spectra
to obtain a concentration estimte for desired phases in the sanple; (c)
determ ni ng whet her the product is acceptable based on the relative
concentrations for each phase; and (d) adj usting process paraneters to
change the relative concentrations if -'the relative concentrations are
determ ned not to be acceptable. 13. A nmet hod of controlling the
conposition of a product according to Caim 12, wherein said process
paraneters include a feed rate to the fluidized bed reactor, conposition of
a process gas introduced into the fluidi Z88~bed reactor, tenperature in the

ftuidized bed ynat 1s claimed Is:

1. A method for monitoring and maintaining the
quality of a product mainly comprising iron earbide
produced in a fluidized bed reactor from reactor feed, said
method comprising the steps of:

(a) determining concentrations of individual phasés in
a sample of the irén carbidé-contaihing product;

{(b) determining 'whethgr the concentrations of the
inéividual phases of the product are acceptable; and

(c) adjusting one or-more process ﬁarameter to change
one or more of the concentrations if the concentrations are
determined not to be acceptable in said step (b).

2. A method according to Claim 1, wherein said step

(a) comprises the substeps of:

(1) conducting a Mossbauer analysis of the sample of

the product,

(ii) performing a regression aﬁalysié of results of

the ﬁossbauer analysis to determine the-inﬁividual

phase concentrations, and .

(iii) normalizing the determined individual phase

concentrations to account for estimated product

purity.

3. A method:according to Claim 1, wherein said-step
(a) comprises determining concentrations of Fe, Fey0,, Fe,C,
FeO and Fe,0;.

4. A method accoxding to Claim 3, wherein said step
(b) further comprises determining whether the concentration

of Fe 1is greater than 1%, and said step (c) £urther

This is the replacement gheet

| R .

Date: - 3 JAN 1987



reactor, and pressure in the fluidized bed reactor. 14. A et hod of
controlling the conposition of a product according to Caim 12, wherein the
i ndi vi dual phase spectra include spectra for [err] [err] FeO and Fe. 15.

A nmet hod of controlling the conposition of a product according to Claim12,
further conprising, followng said step (b), the step of displaying the

I ndi vi dual phase spectra graphically. - -23- 16. A net hod of controlling
t he conposition of a product according to Claim12, further conprising,

—20-
comprises adjustihg at least oné of a concentration of CH,
and a cqncentratidn of H, in a process gas if the
concentration of Fe is determined to be greater than 1%.

5. Almethod according to Claim 3, wherein said step
{b) .further comprises determining whether a combined
concentration of FeO, Fe,0; and Fe;0, is greater than 2%, and -
said step (c) further comprises decreasing a feed rate of
the reactor feed into the fluidized bed reactor if the
combined -concentration is greater than 2%.

6. A method ‘according to Claim 3, wherein said step
(b) further comprises determining whether the concentration
of FeO is greater than a desired quantity, and wherein said
step (c) fﬁrther comprises lowering a reaction temperature

-if it is determined that the concentration of FeO is
greater than the desired quantity.

7. A method according +to Claim 1, further
comprising, prior to said step (c), the step.of displaying
the individual concentrations on a display.

8. A method accérding to Claim 2, further
comprising, following said step (a), the step of (e)
displaying the spectrum from the Mossbauer analysis and
displaying the normalized individual phase concentrations.

9, A method according to Claim 1, further comprising
the step of repeating said steps (a), (b) and (c) after a
predetermined time delay. -

10. A method according to Claim 1, further comprising

the steps of: .

This is the replacement sheet

|-

Date: ~ 9 JAN 1997



follow ng said step (b), the step of displaying the integrated individual
_ spectra graphically against an optimumindividual spectra. 17.. A nethod
of controlling the conposition of a product according to Claim 12, wherein
said step (c) further conprises detérm ning whether the concentration of
iron oxide in the product is greater than 2% and said step (d) conprises-
decreasing a feed rate if it is determned that the concentration of the
iron oxide is greater than 2% 18. A nmet hod of controlling the
conposition of a product according to Claim 12, wherein said step (c)
further conprises determ ning mhether-ttu;£¥gncentration of metallic iron in
the product is greater than 1% and said

{i) comparing the concentrations of individual phases

with previously determined concentrations to determine

if any detrimental trend is developing: and

(ii) adjusting one or more of the process parameters

to change one or more of the concentrations if it is

determiﬁed that a detrimental trend exists.

11. A method according to Claim 1, wherein the
process parameters include a feed rate to the fluidized bed
reactor, compositiqn of.a process gas, temperature in the

fluidized bed reactor, and pressure in the fluidized bed

reactor.

e

R Ths s te eplacomert shet

pate:  ~ J JAwn 1997



stép (d) further conprises adjusting the conposition of a process gas if it
.is determned that the concentration of netallic iron is greater than 1%

19. A nmethod of controlling the conposition of a product according to Claim
12, further conprising the step of repeating said steps (a) through (d)
after a desired period of time. 20. A nethod of controlling the conposition
of a product according to Claim 12, wherein the individual phase spectra

i nclude spectra for [err] [err] FeO and Fe, and wherein said step (c)

further conprises determ ni ng whether the concentration of Fe3C is greater
than a desired . - -22-

12. A method of controliing the composition of an
iron carbide-containing producﬁ produced during a
conversion of reactor feed in a fluidized bed reactor to
the preoduct, comprising the steps of:

(a) perfprming a Mossbauer analysis on a sample of
converted product exiting the fluidized bed reactor;

(b) separating individual phase speﬁtra and
integrating each ‘individual spectra to obtain a
concentration estihate for desired phases in the sample;

(c) determining whether the product is acceptable
based on the relative concentrations for each phase; and

(4d) adjusting process parameters to change the .
relative concentrations if the relative concentrations are
determined not to be acceptable.

13. A method of controlling the composition of a
product acco:ding to Claim 12, wherein said process
parameters include a feed rate to the fluidized bed
reactor, composition of a process gas introduced into the
fluidized bed reactor, temperature in the fluidized bed
reactor, and pressure in the fluidized bed reactor.

14. A method of controlling the composition of a
product according to Claim 12, wherein the individual phase
spectra include spéctra for Fe,C, Fe,0,, Fe;0,, FeO and Fe.

15. A method of controlling the composition of a
product according to Claim 12, further comprising,
following said step (b), the step of displaying the

individual phase spectra graphically.
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-24- quantity, and said step (d) further conprises increasing a feed rate
if it is determned that the concentration of the [err] exceeds the desired
gquantity. 21. A nethod of controlling the conmposition of a product
according to Claim12, wherein said step (b) further conprises obtaining a
concentration estimate-for Peo, and wherein said step (c) further
conpri ses determ ning whether the concentration of the FeOis above a
desired limt, and wherein said step (d) further conprises decreasing a
tenperature in the fluidized bed reactor if it is determ ned that the
concentration of FeOis above the desired limt.
-23~
16. A method of controlling the composition of a

product 'accordihg to Claim 12, further comprising,
following said step (b), the step of displaying the
integrated' individual spectra graphically against an

optimum individual spectra.

17. A method of controlling the composition of a
product according to Claim 12, wherein said step (c)
further comprises determining whether fhe concentration of
iran oxide in the product is greater than 2%, and said step

(d) comprises decreasing a feed rate if it is determined

that the concentra_tion of the iron oxide is greater than
2%. | |

18. A method of controlling the comﬁ:osition of a
product according to Claim 12, wherein said step (c)
further comprises determining whether the concentration of
metallic iron in the pfoduct is greater than 1%, and said
step (d) further comprisés adjusting the composition of a
process gas if it is determined that the concentration of
metallic iroﬁ is greater than 1%.

L ls. A method of controlling the composition of a
product according to Claim 12, further comprising the step
of repeating said. stéps (a) through (d) after a desired
period of time. .

20. A method of controlling the composition of a

product according to Claim 12, wherein the individual phase

spectra include spectra for Fe;C, Fe,0;, Fe;0,, FeO and Fe,

and wherein said step (c) further comprises determining

whether the concentration of FesC is greater than a desired

r
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-24-
quantity, and said step (&) further comprises increasing a
feed rate if it is determined that the concentration of the
Fe,C exceeds the desired quanti@y.'

21. A method of controlling the composition of a
product according to Claim 12, wherein said step (b)
further comprises obtaining a concentration estimate- for
Feb, and wherein said step (c) further comprises
determining whether the concentration of the FeO is above
a hesire& limit, and -‘wherein said step (d) further
comprises decreasing a temperature in.the fluidized bed
reactor if it is deterﬁihed that the concentration of FeO

is above the desired limit.

e
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25-

PROCESS FOR CONTROLLING THE PRODUCT QUALITY IN THE
CONVERSION OF REACTOR FEED INTO IRON CARBIDE

ABSTRACT

A method of controlling product quality in a conversion of reactor feed to an iron
carbide-containing product in a fluidized bed reactor (16). A Mossbauer analysis
is performed (18) on product samples leaving the fluidized bed reactor (16), and
a regression analysis is performed on the Mossbauer data. Depending upon the
results of the regression analysis, process parameters are adjusted in order to
obtain a product having desired composition. Adjustments are made to the
temperature and pressure m the fluidized bed reactor, rate of feed (12) to the
fluidized bed reactor (16), and the composition of the process gas which reacts
with the reactor feed in the fluidized bed reactor (16), dependent upon the analysis

results.

Figure 1
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FIG. 2
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