METHOD OF ROASTI NG MATERI AL CONTAI NI NG AT LEAST ONE OF V, MO AND NI AND
ROTARY KI LN FOR ROASTI NG THE SAME TECHNI CAL FI ELD [ 0001] The present
invention relates to a .nmethod of roasting a material containing at |east
.one of V (Vanadium), Mo (Ml ybdenum) and Ni (N ckel), which contains C
(Carbon) and 'S (Sulfur) conponents, by oxidizing roasting to renove the C
and- S conponents therefrombefore reducing the material with a reducing
agent for recovery of a valuable netal of at least one of V, Mo and N .
TECHNI CAL BACKGROUND [0002] In boilers that use petroleumfuel as fuel like
in electric power plants, boiler sludge is deposited on the bottom of a
boil er and dust collectors catch boiler ash. In the boiler sludge and

boi | er asHETHExWF RERET SNG U BRI Al CaNBAINENG ATc bRGERSENE &F &xi ¥es. In
anmoni um et avanadat e which i s obtained by perform ng wet alkali treatnent
with the boiler 40 NsiENDy RREARY KEbM| FQRF RPAST IdondEfs€6MEs an oxi de. [0003]
In the field of oil refinery, gas processing industry and others,
desufurization catalyst is spent in the refinery process. Once spent in

this proc%ﬁﬁﬂNiigigﬁ%HEgrlzatlon catal yst al so contains, as oxides, heavy

net al s- of
[0001]

The present invention'relates to é“method of roasting
a méterial containing at least one of V (Vanadium), Mo
- (Molybdenum) ahd'Ni (Nickel),'which contains C (Carbon) and
8 (Sulfur) components, by oxidizing roasting to remoﬁe the C
and S compohents therefrom before reducing the material with
a reducing agent for recovery of a valuéble metal of at least

one of V, Mo and Ni.

TECHNICAL BACKGROUND
[0002]

‘In boilers that use petroleum fuel as fuel like in
electricpowerplants,boilersludgejj;depositedgnxthebottom
of aboiler and dust collectors catchboiler ash. Intheboiler
sludge and boiler ash, heavy metals such as Ni and V are
condensed_as §xides. In ammonium metavanadate which is
obtained by perfofming Qet alkali treatment with the boiler
ash, a heavy metal of V is condensed as an oxide.

[0003]

In the field of o0il refinery, gas processing industry
and others, desufurization catalyst is spent in the refinery
process. Once spent in this process;'the desufurization

catalyst also contains, as oxides, heavy metals of Ni, Mo, and




Vin the formof condensation. It is desired to recover these oxides, which
are NN, Mo and V, in the formof netal, which pronotes nore effective use
of waste materials. [0004] As one of techniques for recovering val uabl e
netals from those V, Mo and Ni containing materials, the .inventors have
proposed a nethod of recovering a valuable netal, the nethod including a
.roasting step of roasting a V, Mo andd N containing nmaterial; a step of
charging a heating furnace with the V, Mo and Ni containing nmaterial, a
reduci ng agent and flux and heating themfor reduction thereby to produce a
V-containing slag and a Fe-Mb-N base alloy; and a step of charging a
reducing agent for the V-containing slag to produce an Fe-V base alloy and
a CaO A1203nsthg fod@ecPaiangergatifBnt Ut 181d8Thed tpOTBIVAmMthage val uabl e
metal recovering nethod disclaosed in_the Eatent docunent (1, the C and S
conponent 39f &M ChNBrg L Nfo @Rtk JirnitRgt et Eimicfare tely sthiehoved as
oxides in_the roastin% ?teg and thﬁ{ t he reducing agent is used to reduce
the V, MPEAPHGS EHEaFALRGEHEE 15210k F'45t6dBRECA1EL M- Ni base al loy. This
reduction égoz{]ol | owned by desul furization and decarbonization of the

Fe- Mo- Ni [:) e alloy. The desulfurization and decarbonization are in

I(;g[mN{)l- ﬁ?cga\g’;t I}xa?H;'oe o) Mﬂ@ms@?&i ir%golrngi'(g \;ail%tlaglgfmﬁsctaielesl BP&FC“ i ng
: Y, Ich requires the su I conponen 0 be Towered.

[0006] Pafgsde 4OCHERRLG N1 JARANESS nEARSPLr £2 &, ARRN 1(HREXBRLNEN e
.proposed a method of recovering a valuable metal, the method
including a roasting step of roasting a V, Mo and Ni containing
material; a step of charging a heating furnace with the v, Mo
and Ni containing material, a reducing agent and flux and
heating them for reduction thereby to produce a V-cbntaining
slag and a Fe-Mo~Ni base alloy; and a step of charging a reducing
agent for the V-containing slag to produce an Fe-V base alloy
and a Ca0-Al,0; slag (see Patent docﬁﬁent 1, claim 1),
[0005]

In this valuable metal recovering method disclosed in

the patent document 1, the C and S components in the V, Mo and
Ni containing material are first removed as oxides in the
roasting sﬁep,,and then the reducing agent is used to reduce
the V, Mo and Ni containing material to produce a Fé—Mo—Ni base
alloy. This reduction is followed by desulfurization and
decarbonization of the Fe-Mo-Ni base alloy. | The
desulfurizationand&ecarbonizationareincxm@liancewiththe
standards,appliedjjlthefieldcﬁfsteelhandlingEé—Mo—Nibase‘
alloy, which requires the sulfur component to be loweied.'
(0006} |

Patent document 1: Japanese Patent Laid-open {(unexamined)




SOLVED BY THE | NVENTI ON [ 0007] However, the step for the desul furization
and- decarboni zation of the Fe-Md-N base all oy becones conplicated,
because this step is carried out after a further step of supplying the

Fe- Mo-N base alloy to the heating furnace and adding Iinme, CaO Al 203 base
flux and CaO Al 203-FeO base flux to &tir themtogether. In addition, the
desul furi zati on/ decarboni zati on step involves a process to dispose of a
desul furizing material. These drawbacks resultl in an increase in recovery
cost, thus making it difficult to realize recycling business. Mreover, the
desul furization and decarbonization of the Fe-M>-N base all oy have

li mitati oR4PH Attt Noer #9PAaRBa473 whi ch sonetines prevents 'I the all oy
frommneeting the standards due to anmounts of carbon and sul fur conponents
contained in the Fe-M-N base alloy. [0008] Hence, in realizing the

process f i V, L..containing material with the use of

reduci ng Qg%ﬁﬁgﬂﬁﬁngaéﬁ%bgﬁggﬁEgb%r the valuable netals, it is significant

that S angd o&iﬁ@?ﬁﬁ?%ﬁf%oﬁ%EDrﬁg“¥§811§6§g¥58&'as possi ble, fromthe V, M
I'n e g

and Ni con?alnlng materi a roastl Step preceding the reduction
st ep. Furﬁ@@@yPre, the sublimtion of the M

However, the step for the desulfurization and
decarbonization of the Fe-Mo-Ni base alloy becomes complicated,
because this step is carried out after a further step of
supplying the Fe-Mo-Ni base alloy to the heating furnace and
adding lime; CaO-Ale3basé flux and Ca0~Al,;0;-Fel base flux
to stir them together. In addition, the
desulfurization/decarbonization step involves a process to

.dispose of a desulfurizing material. These drawbacks resuit
in an increase in recovery cost, thus making it difficult to
realize recycling business. Moreover, the desulfurization
ahd decarbonization of the Fe-Mo-Ni base alloy have
limitations in their performances, which sometimes prevents
the alloy fronpmeeting the standards due to amounts of carbon
and sulfur cdmponents contained in the Fe-Mo-Ni base allby.
[0008]

Hence, in realizing the process for reducing Vv, Mo and
Ni containing material with the use of reducing agents in order
to recover the valuable metals, if is significant that S and:
C components are removeq, as much as possible,_from the V, Mo
and Ni containing material in the roasting step preCeding the
reduction step;. Furthermore, the sublimation of the Mo

content in the roasting process results in a decrease in

f. 3 Publication No. 2004-285473 DI SCLOSURE COF THE INVENTICN PROBLEMS TO BE




content in the roasting process results in a decrease in 4 recovery rate of
the Mo content. Accordingly, it is necessary to take notice of the
subl-imation of the Mo content. [0009] The present invention has been made in
view of the foregoing conventional problens, and it is an object to provide
~a roasting nethod and a rotary kiln which are able-to reduce both C and S
conponents in mnerals down to 0.5 %4%r |ess, respectively, and secure a
yield ratio of 90% or nore for the M conponent. MEANS FOR SOLVI NG THE
PROBLEMS ~t|l [0010] In order to resolve the foregoing problens, the
inventors carried out experinents with a variety of types of rotary kil ns.
The results of the experinments nmade the inventors notice the order of the
decar boni 8?6 aRataefur paMozaen RN lgen8FapPEdingd Y hill thB8eE6888 g f ur nace.
In other words, the fact is that _the desulfurization will follow the
decar boni Y@t Ffe netdce af thReSEBhtRalion fetée ¥0| FPRF8 hossibility t hat
the desul jzation is generated so |l ong as the decarbonization 1is
generated[%@ééguse the desul furization i's a reaction which is generated in
an oxi de atnosphere_ and @?enever.there remai ns C confonen%itgxygen IS

used for the decar Bom 24t olrﬂv_eflﬁéoni R 6 tmdithg” 1€ th When a
material £oast el d Sohbd st S SEESEAL 9%y 9 zAl LAl Lthe, GrE9REnent in at

a roasting method and a rotary kiln which are able to reduce
both C and S components in minerals down to 0.5 % or less,
respectively, and secure a yield ratio of 90% or more for the

Mo component.

MEANS FOR SOLVING THE PROBLEMS
[(0010]
Inordertoresolvetheforegoingproblems,theinventors
carriedout experiments with a variety of types of rotary kilns.
The results of the experiments made the inventors notice the
order of the decarbonization and desulfurization generated
within the roastiﬁg furnace. In other words, the fact is that
the desulfurization will follow the decarbonization, i.e., on
the contrary, there 1is 1little possibility . that 'the
desulfurization is generated so long as the decarboﬁiZation
is generated (because the desulfurization is a reaction which
.is generated in an oxide atmosphere and whenever there remains
- a C component, oxygen_is used for the decérbonization). The
inventors’ founding is that, when édnaterial roasted is first
subjected to oxidization of the C component in a
material—charge—side zone in a roasting furnace and then to

~oxidization of the S component ina zone ranging from a central




mat eri al - charge-side zone in a roasting furnace and then to F oxidization
of the S conponent in a zone ranging froma central f,I 5 zone to a

materi al discharge side in the roasting furnace, a reaction tine for naking

the S conmponent oxidized can be. prolonged, which ultimately leads to a

| arge reduction in both the C and S conponents of the m neral roasted.
[0011] Practically, as one aspect, th® present invention provides a nethod
of roasting a nmaterial containing at least | one of V, Mo and Ni to renobve
C and S conponents fromthe material j conprising oxidizing and roasting
the material in a rotary kiln, it before reducing the material by nmeans of
a reducing agent so as to_recover a valuable netal conprising at |east one
of V, MZaRd ¢ 2 PAECRER hoH SEoPFoesh ke sifedeoroaghingifvgnase  nat eri al
containlngathe C and S conponents into a material charge side H of a

roasting ?ﬁ%b%noﬁlﬁﬁlgﬁr a"Bhir@r the di spBBRerenhnaxtdkify aan be |
t k t f Ilel t
A oot | BrO LT BRGAT 1 AR By oAV ES @ FAETha &FBRSLPRG BPFAce. [ 0012)
As anot herchgs ecrgd gt&e resent b %I;lél on é%rciwr%%ssted I, rot ary kiln for
roasting a nateri containing at reas :
[0011]

Practically, as one aspect, the present innention
provides a method of roast»ing a material containing at least
one of V, Mo and Ni to remove C and S.components from the material
comprising oxidizing and roasting the material ina rotary kiln,
before reducing the material by means of a reducing agent so
as to recover a valuable metal comprising at least one of V,
Mo and Ni, the method comprising steps of: charging the material
containing the C and S components into a material charge side
of a roasting furnace on which a burner is disposed; and taking
an oxygen-containing gas taken into the roasting furnace to
-become parallel to a direction along which the material moves
in the roasting furnace. | |
[0012]

As another aspect, the present invention provides a
rotary kiiLn for roasting a material containing at least one
of V, Mo and Ni to remove C and S components from the méterial
by oxidizing and roasting the material in the rotary kiln,
before reducing_ the material by means of a reducing agent so
as td recover a valuable metal comprising at least one of V,
Mo and Ni, the .rotary‘kil_n comprising: a roasting furnace into
which the matérial containing the C andv S components is charged

- as a material to be processed; a burner disposed on a material




of V, Mo and N to remove C and S conponents fromthe material by oxidizing
and roasting tHe matertat—t-m—tire—rottry-—ict-m—eiope———breiyemete c THL €T | @
by means of a reducing agent so as to recover a valuable netal conprising
at least one of V, M and Ni, the rotary kiln conprising: a roasting
furnace into which the material containing the C and S conponents is
charged as a material to be processéd; a burner disposed on a material 6
charge side of the roasting furnace; and a |line introducing an
oxygen-contai ning gas into the roasting furnace, and wherein a direction

al ong which the material noves in the roasting furnace and a flow of the
oxygen-cont ai ning gas taken into the roasting furnace are set to be
paral | el eharpeadde gfhthe RREEGTS CRrTRESF NVENE ANng d0t3pdaetngdi ng to the
inventions of claims 1 and 10, as the material-charge-side zone in the
roasting #ur AE¥ECRSCANtEEMNG ' §as | ANAChitGe tErRRdriadur B ERafssphek@ when a
material to be roasted i s charged into the furnace,_ the C conponent is first
oxi di zed "F¥reHe et B9 1Ph&1G8si"8d Cronbei RAEREIRLABPYHY. 1R uthGce, and
then the S conpon?nt S oxidiéﬁd in %ge zone ran in% fromthe  central zone
to the mat@FT = HFLERRTGES Y& 1PH ThePPSEHISH COFGPARERY SRR PESRtion time
for oxidigj e n e e.he Lon eby both
the C andfég%6%%%ﬁgﬁ%gqgge%ﬂ%ﬂggﬁea%$H%ﬁ;ﬁ&}5%% ggggéﬁ?bg§?%d§%§% | argel y.

- other.

EFFECTS OF THE INVENTION
[0013]

According to the inventions of claims 1 and 10, as the
material-charge-side zone in the roasting furnace is already
in a high temperature atmosphere when a material to be roasted
is charged into the furnace, the C component is first oxidized
in the_maﬁerial—charge—side zone in the roasting furnace, and
then the S component is oxidized in the zone ranging from ther
central zone to the material discharge side in the roasting
furnace. The reaction time for oxidizing thé S component can
therefore be made longer, whereby both the C and S componeﬁts

in the mineral roasted can be reduced largely.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014}

Fig. 1 is a system diagram illustratively‘shoﬁing the
overall configuration of an operation facility in which the
roasting method of V, Mo and Ni containing materials according
to the present invention is reduced into practice;

Fig. 2 is a diagram o'utlining a counter-flow type rotary




BRI EF DESCRI PTI ON OF THE DRAW NGS [0014] Fig. 1 is a system di agram
illustratively showing the overall configuration of an operation facility
in which the roasting nethod of V, M and Ni containing naterials according
to the present invention is reduced into practice; Fig. 2 is a diagram
outlining a counter-flow type rotary VI 7 kiln according to a conparative
exanple; Fig. 3 is a graph showing a Tunctional conparison between a
parallel-flow type rotary kiln and a counter-flow type rotary kiln; Fig. 4
is a sectional viewoutlining a rotary kiln according to the present
invention; Fig. 5is a sectional view of a roasting furnace of the rotary .
kiln, Fig. 6 is a flowhart showi ng how to recover valuable netals; and
Fig. 7 iskalBereqonhingitéwaofonparabies yeddmedccording to an enbodi ment.
it f 8 1In the boiler ash, by way of exanple, sone 80 wt% of C conponent

i s contained, HUtdnd 1? G5ABD ing & ARG Hete ! FRBPRAE BOM Pehy8§E8 S| udge

contains noistyre, for exanple, b 0 wt% As
a para'ilel—f?ow typgprot’arykéln and a counter-flow type rotary

kiln;

Fig. 4 is a sectional view outlining a rotary kiln
according to the4present invention;

Fig. 5 is a sectional view of a roasting furnace of the
rotary kiln;

Fig. 6 is a flowchart showing how to recover valuable
metals; and |

Fig. 7 is a sectional view of the rotary kiln aCcording

to an embodiment.




exenplified, waste materials with various types of conponents can be
handl ed as a naterial to be roasted. Such materials are given with heavy

- fuel oil or noisture adhering thereto. [0019] Fig. 1 is a system diagram
|IIustrat|ver showi ng the overall configuration of an operation facility
f.or putting the roasting nethod of a V, Mo and Ni containing material into
practice. Materials are persevered, ﬁ&pe by type, in hoppers 1 for
‘materials to be processed. At a |ower part of each of the hoppers 1, there
is equipped with a volunetric feeder 2 so that the feeder 2 feeds, on a
vol unetric basis a predeterm ned anDunt of each material to the carrying
conveyer . In each volunetric feeder 2, the conponents of each material
are adj ustI@dthel'H@lééFP?ngbiét‘iﬂi‘&é’gfe?xaénfb]cﬁw%%e BRe Y BF (reP PPN nateri al
to a material - acceg qg Igp . This npterial -accepti % hopper 4 is

equi pped, lsatCOPFélP ‘b‘é M%CPH‘Pét“ﬁﬁFeJr% a?o%tt%%‘%g i Thich is a
screw co erial _stirring feeder opeé§ gé Wﬁ stif the

mat eri al VZSy s&&&ﬁﬁ 8§n l?% Igojrﬁ%‘érred Olfpﬁlxy‘?f[ﬁé oppi ng
manner. 1'1‘%&%8 ;&a!a[’sgé F%?D&’i&?t S o%% EQ@ Qé; e rE%h%' and

gui des the receéive 0 a roas |ng urna narotary

o e e A

The materdal Jigenonpesactkffy dusdl bd1fOF Moisture adhering thereto.
[0019] |

Fig. 1 is a system diagram illust’rativély showing the'/

overall configuration of an operation facility for putting the
roasting method of a V, Mo and Ni containing material into
practice. Materials are persevered, type by type, in hoppers
1 for materials to be processed. At a lower part of each of
the hoppers 1, there is equipped with a volumetric feeder 2
so that the feeder 2 feeds, on a volumetric basis, a
predetermined amount of each material to the carrying conveyer
3/In“ each volumetric feeder 2, the components of each
material are adjusted. The carrying conveyer 3 conveys the
volumetric-fed material to a material-accepting hopper 4.
This material-accepting hopper 4 is equipped, at its lower part,
with a material stirring feeder 5 which is a screw conveyer.
The maﬁerial stirring -feeder 5 operates to stir the material
and supplies it to a mineral-supplying chute 6 in a dropping
manner. The mineral—supplying chute 6 receives the dropped
‘ma't‘erial and guides the received material to a roasting furnace
8 af,ranged in a rotary kiln 7. |
[0020]

The kiln includes a vertical type kiln, but in the present

rotary kiln 7.




material, nmud formmaterial, or powder formmaterial, or a mxture of those
materials. The mxture is in al nost sludge. [0021] The rotary kiln 7 is
provided with the foregoing roasting furnace 8 for perform ng oxidi zing
roasting of a V, Mo and NN containing material and a secondary conbustion
chanber 9 for secondarily burning exhaust gas. The roasting furnace 8 is
produced in-a cylindrical shape, on outer circunferential surface of which
gears 18 are disposed. This roasting furnace 8 is configured to be driven
by an electric notor which is not shown in the drawings. In addition, with
the object of allowing the material to nove froma material charge side 8a
to a material djischarge side 8b in the roasting furnace 8 the furnace 8 is
paced to RRVRNELAM| @ BerikeRtahd viegt EPFary diiddhasgeelesrd divthEbBes | ower
than the material ,charge side 8a. Both, the roasting furnace 8 and the
secondar yreb#buskibn éhanbef mgt%f%ﬁ4ih%eﬂ°$%9%%%h°gtﬁeﬁoébdtﬁ&Fmthe

roasting furnac tatable,agd the |inkage therebetween is kept in an
1 it X

e 8is 0
airtight mﬁ%ﬁﬁ%ﬁ%'Tﬂﬁié%ﬁgbgﬁtﬁﬁéa i sRhalf Q¥ "L ASGEREt r oP Tt le  roasti ng
f 8 i id to th d nbust i h 9, th i ded
exhaust gBtr PR ST ke g M RS e L PR e P S RO SAEPEES burned |

t he secon? conbustion chanber 9, theexhaust gas is rendered harmn ess by
famliaritres 1nc|uding a waste heat recovery facility, exhaust gas cooling

e e oSl BOES RLER FRELRCt LI e dotishigbsciang ot 11
furnace 8 for performing oxidizing roasting of a vV, Mo and Ni
containing material and a secondary combustion chamber 9 for
secondarily burning exhaust gas. The roaéting furnace 8 is
produced in a kcylindrical shape, on outer circumferential
surface of which gears 18 are disposed. This roasting furnace
8 is confiqured to be driven by an electric motor which is not
shown in the drawings. In addition, with the object of
allowing the material to move from a material charge side 8a
to a material’ discharge side 8b in the 'roastingvfurnace 8, the
furnace 8 is paced to héve a tilt so that the material discharge
side 8b becomes lower than the matériél charge side 8a. Both
the roasting furnace 8 and the secondary combustipn chamber
9 are linked to each other so that the roasting furnace 8 is
rotatable and the linkage therebetween is kept in an airtight
manner. The exhaust gas discharged from an outlet of the
roasting furnace 8 is guided to the secondary combustion
chamber 9, where the guided exhaust gaé rises up along the
chamber 9. After being secondarily bu'rnea/in the secondary
combustic_)n chamber 9, the exhaust gas is renderéd harmless by

familiarities including a waste heat recovery facility,

exhaust gas cooling facility, exhaust gas processing facility




The m neral -supplying chute 6 is linked to a charging inlet which is forned
inafront wall 10 which is an axially end face on the material charge side
8a of the roasting furnace B. A burner 11 is arranged to pass through this
front wall 10. Thus the burner 11 enmits flame fromthe front wall 10
downstreamin the roasting furnace 8. Coupled to the burner 11 are both a
fuel supply line 12 and a conbustioni8ir line 13. Hence, a fuel punp 14,
whi ch intervenes between a fuel tank 15 and the line 12, operates to supply
fuel such as heavy fuel oil fromthe fuel tank 15 to the burner 11.
Mor eover, the burner 11 receives supply of conbustion air froma blower 16
via the line 13. [0023] The material charge side Ba of the roasting furnace
8 is |inked $rgth e lgictiagpppryitine ax stgre\n id sgsaggedneutdide ntroduci ng a
gas contai ning. oxygen. 11 the air cools down the inside of the furnace and
the in-fut® tenperatures will be dropped largely, thus increasing the
anount of the haust gas. Hence the air ratio js set to 2.5 or less. The
air ratiois a F“&nﬁg?iﬁé%‘ﬁp Hib FRULSr Cat v lJc’E}(Ebcg Yhér 6BAEEE Int o t he
rotary kiln and.an, amoupt of  air ecessar r.oxidizing fla

; 2,59y i

conponent énjr%tt‘“ﬁblcr?atlér e id 3 FEPTo 't Qe AR AN ARt lglhte The
f I ammabl e n&%%%ngﬁ%ﬁﬁ:rgége%%a@éﬁéf% ts'%g h?%'acgg g@gstsiné QQRfLcEs

.plctoriaI?y shown™in the 1o ing
' 8. A burner 11 is arranged to pass through this front wall
10. Thus the burner 11 emits flame from the front wall 10
downstream in the roasting furnace 8. Coupled to the burner
11 are both a fuel supply line 12 and a combustion air line
13. Hence, a fuel pump 14, which intervenes between a fuel
tank 15 and the line 12, operates to supply fuel such as heavy
fuel o0il from the fuel tank 15 to the burner 11. Moreover,
the burner 11 receives supply of combustion air from a blower
16 via the line 13.
[0023]
The material charge side 8a of theyroasting furnace 8
is linked with an air supply line 17 serving as a‘line for

introducing a gas containing oxygen.




shoul d partially be charged with the material. For exanple, an occupying
percentage (filling degree) of the material to a cross section area of the
roasting furnace 8 is 12 %or less. Only the surface of the nmateri al
introduced into the roasting furnace 8 is permtted to touch the air. Thus,
~the greater the filling degree, the smaller the specific surface area of
the material, providing no sufficient!touch of the material to the air. It
is therefore proposed that the filling degree be set equal to or |ess than
12 % However, it should be avoided to give an extrenely small value to the
filling degree, because the production efficiency is obliged to be

| essened. E0038] It is also desired that a gas flow speed within the
roasting fGRRZLE B devn theaingideort thefumpse apdsaeddediutr@ceyravity is

smal |, such as boiler as may fly t he dust _.coll.ector together with the
exhaust GLSTERFERBERS by B HEeRPESh LB e et sy I PRHGES P Gier o

alleviate_this _proble 4f{ 12 it s desired,that the gas , flo peed in the
f ur nace 8%‘8“5@%&&6&{!}1% ¥ 945 -a fg%ﬁ:? el eyﬁf‘ﬁe’fat[%éﬁ] S%ﬁq g'?’ec_over

yal “ab' € lgl%t legsgorﬁl%SEQrot: %/io !vlbs aapq:awio Weh:!ﬂengwar?eafﬁioefnctr 'ol}e%’irwm ch

i nvol ves héatrng’the r6ast 6d- fimeral’s i1 a hea I'ng furnace after the

oxi di zi ng (GOASt i Rg; Aditked SHHS Ret BBcHEY! R 023 ofh HMAIA! S reducing
gents. [0040] \ > _

‘ necessary for oxidizing flammable components in the material

and a ratio of 1.0 is equivalent weight. The flammable
components in the mate’rial are C, H, N and 8S.

[0037]

As pictorially shown in‘ Fig. 5, the roasting furnace 8
should partially be charged with the material. For example,
an occupying percentage (fillin’g degree) of the material to
a cross section area of the roasting furnace 8 is 12 % or less.
Only the surface of the material introduced into the roasting
furnace 8 is permitted to touch the air. Thus, the greater
tﬁe filling degree, the smaller the specific surface area of
the material, providing no sufficient touch of the material
to the air. It is theréforé proposed that the filling degree
be set equal to or less than 12 %. However, it should be avoided
to give an extremely small value to the filling degree, because
the production'efficiency‘is,obliged to be lessened.

[0038]

| It is also desired that a gas flow speed within the
foasting furnace 8 be set to 3 m/’s‘ or less. Dust whose specific
gravity.is small, such as boiler ash, may fly to the dust
collector together with the exhaust gas, without b,eing burned

out sufficiently. Thus, in order to alleviate this problem,
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Fig. 6 shows a flowhart for describing howto recover valuable netals.
First, the roasted netals, reducing agents, and line serving as flux are
charged into an electric furnace serving as a heating furnace (step S1).
The heating and reduction in the electric furnace produces a V-containing’
slag and an Fe-Mo-N base alloy. [0041] The Fe-Mb-N base alloy is
separated fromthe V-containing slagl2and then the Fe-M-N base alloy is
subj ected to desul furization, dephosphorization, and decarbonization. The P
.component in the material remains in the Fe-M-N base alloy. Since

ti ghtened standards are applied to the S conponent, the desulfurization is
required. ~Further, the decarbonization is also required, because the C
conponent iits ifecgcBERAzER2E r BAT ePeet F BRI sSPERT duyH i irnacsc s e t he
Fe-Mb-Ni base alloy is poured intQ a ladle furnace serving as a heating
cont ai ner 'SC“’?PéESS%\i.d n5° théMaler Veieea1203 base flux, and Cao- Al 208- Feo
base fl ux g thers are changed into the furnace for , the

desul furi z@[éi d , 13 dephosphorization, and decarboni zation. It is effective

to use blow ng,an Ar gas._and 02 tilizi a_bubbliin . yHowever., when the
oxidizing r oastll{% tpor 5%88%‘3@ agl\klrsa(bti emﬁé%gglﬁzgﬁ"rpfgfefio%g)vango e%a/uﬁluri zation

to be dong.syfficl et ly.thEss, 9&%8&“?@6& Lor ?asﬁi%:ﬁ%gf{%%eﬁgésa”d

decar boni zation processes can’ be omt I na e alloy .

that has experhedcsathe desutimdZabieelr 9RPOLSRNL IS #bh8Ping and
reducing the heated roasted minerals with reducing agents.
[0040]

Fig. 6 shows a flowchart for describing» how to reﬂcover :
valuable metals. First, the roasted metals, reducing agents,
and lime serving as flux are charged into an electric furnace
serving as a heating furnace (step S1). The heating and
reduction in the electric furnace produces a V-containing slag
and an Fe-Mo-Ni base alloy. .

[0041]

The Fe-Mo-Ni base alloy 1is separated from the
V-containing slag, and then the Fe-Mo-Ni base alloy is
subjected to desulfurization, dephosphorization, and
decyarbonization. The P component in the material remains in
the Fe-Mo-Ni base alloy. Since tightened standards are
applied to the S component, the desulfurization is required.

 Further, the décarbonization is also required,A because the C
component 1is recarbonized ’from electrodes. Through this
process, the Fe-Mo-Ni base alloy is poured into a ladle fﬁrnace
serving as a heating‘ cohtainer (step S2). Then, the lime,
Ca0-Al,0; base flux, and Cao-Al,03;-Feo base flux and others are

changed into the furnace for  the desulfurization,
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and decarboni zation is cast into a nold. [0042] Meanwhile, the V-containing
slag is also is poured into a ladle furnace serving as a heating contai ner
(step S4) . An Al -reducing agent, line and V205 for adjusting the V
.conponent are al so poured into this |ladle furnace, - Cv 14 Wat is clained
is: 1. A nethod of roasting a material con aiAiig at |east one of- V, M and
Ni to renpve C and S conponents fromi8he material conprising oxidizing and
roasting the material in a rotary kiln, before reducing the material by
means of a reducing agent so as to recover a valuable netal conprising at
| east one of 'V, M and N, the nethod conprising the steps of: charging the
mat eri al contalnlng the C and S conponents into a material charge side of a
roasti ng fephesehon atiion,aangudeeirhanigadiosed; Tanks tefifasgize to
oxygen-containing gas into the roastln furnace to becone parallel to a
d.rect.onuaﬁm‘ﬂ«mﬂcﬁntﬁaregmtam Gt (wb¥észing a REPPOERY) ng BPHFNEEe. 2. The
met hod of clal erein the material is OXIdlged and roasted at an
i n-furnack ?%ﬁﬁ@ﬁgi %%J?RﬂFQEng@ERF?§qﬁ%*%%?& PRI R2FdPRace
retention tane f hours_or mor g Tp tho of el er claim1 or 2,
wher ei n t AB buPﬁ@P EBRF IS a %ho £-fFERE b g?cﬁSP ¥{S|ﬁ§e?§nperatures
'n a zoneqlggat et , A de MRLELERhoENAL O dearw 11849284200 bHr nace and a

processes can be omitted. Finally, the Fe-Mo-Ni base alloy

that has experienced the desulfurization, dephosphorization,

and decarbonization is cast into a mold.

[0042]

Meanwhile, the V-containing slag is also is poured into
a ladle furnace serving as a heatlng container (step S4). An
Al- reduc1ng agent, lime and V205 for adjusting the V component

are also poured into this ladle furnace,




| ong-flame burner for raising tenperatures in a central zone of the
roasting furnace and the rotary kiln is equipped with a counter burner for
raising tenperatures in a zone on a material discharge side in the roasting
“furnace. 4. The nethod of any one of clainms 1 to 3, wherein a cooling water
nozzle is provided on the material charge side of the roasting furnace so
as to spray water inside the roastingi4furnace. 5. The nethod of any one of
claims 1 to 4, wherein the oxygen-containing gas is air, an air ratio

bet ween an amount of air taken into the rotary 15 kiln and an anmount of air
necessary Wort denglletimedoirbusti on of a fl amabl e conponent contained in the
material is set to 1.5 to 2.5. 6. The nethod of any one of clains 1 to 5,

wherei n an occupyi n ercent ta (fi Ll deqree) of th terial t
sectionalaaréémg%?ogﬁ% roa§?|ﬂ- ﬁh?ﬁ%&gllf EgﬁgﬁgPﬁnSr@ eSEEFHAA 2 A) 7.
The met hot,oMoaaydoile dfo degiave T BmdBS\Mmmpdn@nassﬁEedlameImatéﬂuam of the

gas is 3 L _lLe e of -clai wher ein
t he rot ar?ﬁlgﬁllgm (%?'b?lgme%g @ﬁ}%&’% 3{1%?(%%1% yplehﬁa &ri alttg sélﬁarge
out | et at baffiosie trhéuﬁamw itdle metsepalabedneéames @f ra)a:setcbdcmma@&nt md a

flaatable %U%B rgc0$Q? gebQanBieaﬂ¥tQPec8$pfi@&ﬂ? éttP gs%“@ﬁ%%ﬁ?
mat eri al ischarged froma naterial discharge outl et o e rotary klln
Mo and Ni, the method comprising the steps of:
charging the material containing the C and S components
into a material charge side of a roasting furnace on which a
burner is disposed; and
taking an oxygen-containing gas into the roasting furnace
to become parallel to a direction along which the material moves

in the roasting furnace.

2. The method of claim 1, wherein the material is oxidized and

roasted at an in-furnace temperature of 800 °C - 950 °C inclusive

and an in-furnace retention time of 2 hours or more.

3. Themethodof either claiml or 2, wherein the burner comprises
a short-flame burner for raising temperatures in a zone located
on the'material charge side' in the roasting furnace and a
long-flame burner for raising temperatures in a central zone
of the roasting furnace and

the rotary kiln is equipped with a counter burner for
raising temperatures in a zone on a material discharge side in

the roasting furnace.

4. The method of any one of claims 1 to 3, wherein a cooling
water nozzle is provided on the material charge side of the
roasting furnace so as to spray water inside the roasting

furnace.

5. The method of any one of claims 1 to 4, wherein the
oxygen-containing gas is air,

an alr ratio between an amount of air taken into the rotary




is screened in particle sizes thereof to produce both coarse particle

subst ances and fine particle substances; the coarse particle substances are
then charged as a material into a heating furnace in a reduction process of
‘reducing of the nmaterial by nmeans of the reducing agent; and the fine
particle substances are then subjected to processing which is either
charging into the rotary kiln again as the material to be processed for the
‘roasting or ultimate disposal. 10. A valuable netal recovery system for
recovering a valuable netal conprising at |east one of V, M and N,

conpri si AR Akeani FHOERE MfcélroresedsRI N A rrrelicsle eomPubhiag @t | east

one of V,zNd afdNe RyriRARS t0boarheddai N BaeMsr i) af Qkaryoki I for,
before reducing of the material, roasting the material to renmove C and S

: conponenf%of% the material conprising oxidizing and roasting the
material, the rotary kiln including: a roasting furnace into which the

material containi the 16 C and_S conponents_is.charged as a material to
be proces3ed; eamﬁgﬂﬁgroﬁiaéﬁ’og&? 8h %lﬁseai g? %’héﬁ’#&geé%d@no‘?c?wlr%sti ng
furnace; mextentage (ifritindducdagraa) afy ghareorddiall Rg Hascicibaallhered oast i ng
furnace, aeid hereln, g diiection al ong, which | he It grial, goyes in the
roasting furnace and a 710w 01T he o%%%%n-con ai'ning gas taken into the
roasting furnace are set to be parallel with each other. 11. Arotary kiln

for roastﬁy NGtk %ﬁd@b?%&%bﬂ%ngfa&léfr@tl to 6, wherein a speed of

the flow of the gas is 3 m/sec or less.

8. The method of any one of claims 1 to 7, wherein the rotary
kiln is equipped with a dichotomized-type material discharge
outlet at which the material is separated into a roasted minetal
and a floatable dust.

9. The method of any one of claims 1 to 7, wherein the material
‘discharged from a material discharge outlet of the rotary kiln
is screened in particle sizes thereof to produce both coarse
particle substances and fine particle substances; the coarse
particle substances are then charged as a material into a
heating furnace in a reduction process of reducing of the
material by means of the reducing agent; and the fine particle
substances are then subjected to processing which is either
charging into the rotary kiln again as the material to be

processed for the roasting or ultimate disposal.

10. A valuable metal recovery system for recovering a valuable
metal comprising at least one of V, Mo and Ni, comprising:

a heating furnace for reducing a material containing at
least one of V, Mo and Ni by means of a reducing agent; and

a rotary kiln for, before reducing of the material,
roasting the material to remove C and S components from the
material comprising oxidizing and roasting the material, the
rotary kiln including:

a roasting furnace into which the material containing the




one of V, Mo and Ni to renobve C and S conponents fromthe materi al

conprising oxidizing and roasting the material, before reducing the

~material by neans of a reducing agent so as to recover a val uable netal
conprising at |east one of V, Mo andNi, the rotary Kkiln <onprising: a
roasting furnace into which the material containing the C and S conponents

is charged as a material to be procesiged; a burner disposed on a materi al
charge side of the roasting furnace; and a line introducing an

oxygen- cqnt i t:he .r b fu n rein_ a direction

al ong mh?gh%%ﬁsp%C%% Q&%B&Eécpﬁgﬁ% gg 0ds %?ﬁ%g%%inggggg OC??oméof t he
oxygen- cont ai maﬂgugagrtdam@sadw@ atmﬂatelol@h thgrdemiabeocfitdesedas bihe

paral l el gtk each,gfher, the burner conprises a short-flame burner for \
raising tenperatures in a zone |ocated on the materi al charge side in the
roasting furnace &P alNbREARFERE BUr REYIEBr CPALSAAGNIt EfFeridts ehen a

central zgagspinéhﬁufﬁg@élng?aurnace and the rotary kKiln further conprises a |
counter burner f raising tepperatures in zone on a_material discharge ‘
side in the r RIS AtheRet1a® alangorhtgh R:.h%mriérerréégfewr@s adtnEkeri al

cgnt ai ni rtgoa?étile@iﬂurrm Qﬁdga ﬂ\mmaaad&\lue to@cyrg%rm\t%r@aamﬁn% l@@@g@?@é\ﬁs from
the materi ri si ng axi di zi an ro stin e materia ef ore

reduci ng ath% %ﬁ‘tnlg?‘fi‘%tr %%%Hﬁﬁﬁé:e %SFEdi?c ﬁéﬂ‘t elgBl LR 36 _ERSRr a 17
val uabl e netal conprising at |east one of V, Nb andNi, the rotary

11. A rotary kiln for roasting a material containing at least

one of V, Mo and Ni to remove C and S components from the material
cmmprlslngox1dlzlngandroast1ngthen@terlal beforereduc1ng
the materlal by means of a reducing agent so as to recover a
‘wvaluablemetal comprising at least one of V, Mo andNi, the rotary
- kiln comprising:
a roasting furnace into which the material containing the
C and S components is charged as a material to be processed;
aburnerdisposedcnlamaterialchargesideoftheroasting
furnace; and

a line introducing an oxygen-containing gas into the

roasting furnace, and

wherein a direction along which the material moves in the
roasting furnace and a flow of the ongen—containing gas taken
into the roasting furnace are set to be parallel with each other,

the burner comprises a short-flame burner for raising
temperatures in a zone located on the material charge side in
the roasting furnace and a long-flame burner for raising
temperatures in a central zone of the roasting furnace and

the rotary kiln further comprises a counter burner for
raising temperatures in a zone on a material discharge side in

the roasting furnace.

12. A rotary kiln for roasting a material containing at least
one of V, Mo and Ni to remove C and S components from the material
comprising oxidizing and roasting thematerial, before reducing

the material by means of a reducing agent so as to recover a



Kiln conprising: a roasting furnace into which the material containing the
C and S conmponents is charged as a material to be processed; a burner

di sposed on a naterial charge side of the roasting furnace; and a |line
introduci ng an oxygen-containing gas into the roasting furnace, and wherein
a direction along which the material noves in the roasting furnace and a
flow of the oxygen-containing gas takegnp into the roasting furnace are set
to be parallel with each other, a cooling water nozzle is provided on the
mat erial charge . side of the rogasting furnace so as to _spray.water inside
the roastyrgFulefaceeal f§¥“p1fﬁél€}3|%gﬁésﬁﬁn§1 o} ¥e N pPINist BREFHOEH m 10,
wher ei n t he 1rt eloipy ikiihwy :f urt her conprises a di chotom zed-type materi al

di scharge outl et at ich the material .i.s,separated.into roasted i neral s
Gnd ot loar abl e 2dRr Ete B S TR PR £ LoroROa TP aPE S
conpri si ngC andischotnppneadst ypechatregedahs di stz gea butd éde girodesded;he

material is separatgd ] Q5288 G0, W 3L A Go Liaat@PLEe AUsleing

furnace; and

a line introducing an oxygen-containing gas into the
roasting furnace, and

wherein a direction along which the material moves in the
roasting furnace and a flow of the oxygen-containing gas taken
into the roasting furnace are set tobe parallel with each other,

a cooling water nozzle is provided on the material charge
side of the roasting furnace so as to spray water inside the

roasting furnace.

13. The valuable metal recovery system of claim 10, wherein the
rotary kiln further comprises a dichotomized-type material
discharge outlet at which thematerial is separated into roasted

minerals and a floatable dust.

14. The rotary kiln of claim 11 or 12, further comprising a
dichotomized-type material discharge outlet at which the
material is separated into roasted minerals and a floatable
dust.




