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Notice

This translation is machine-generated. It cannot be guaranteed that it is intelligible, accurate,
complete, reliable or fit for specific purposes. Critical decisions, such as commercially relevant

or financial decisions, should not be based on machine-translation output.

DESCRIPTION CN120772003A

A method for enhancing the separation of iron/vanadium-titanium in vanadium-titanium

magnetite by Joule thermal flash reduction and magnetic separation

— MR BRI RIE R - B sR (SR BA TR S5/ SN IR0 BRI 574

[0001]

Technical Field
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[n0001]

This invention relates to a method for strengthening the separation of iron/vanadium-
titanium in vanadium-titanium magnetite by Joule thermal flash reduction and magnetic

separation, which belongs to the field of unconventional metallurgical technology.

IR BFW N — M EE AR IR R -SRI SN EKEESAN 3/ AR D BTG E, BTIFENAERAM

1o

[0003]

Background Technology

BREEA

[n0002]

Vanadium-titanium magnetite is a polymetallic symbiotic mineral resource and is recognized

worldwide as a strategic mineral resource.
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PR B—MESERHENT =RIR, SHALNINNKBEMEY HIR,
Vanadium, titanium, iron, and their associated metallic elements all play a vital role in the

development of human society.

TR, R KEBHHENEZR TR, WAXHZEARAEBEXEENER,
my country has a wide distribution and abundant reserves of vanadium-titanium magnetite,

with proven reserves exceeding 30 billion tons, ranking among the world's top.

KENREBEHT ZRDW 2. EEFE, BRAFEZIA3002mL L, BEttRE15,
In recent years, with the rapid development of my country's economy, the demand for
mineral resources such as vanadium, titanium, and iron has been increasing. Therefore,

developing vanadium-titanium magnetite deposits with huge reserves is of great significance.

EER, BERELFN VELR, M. K. KFV TRRBEREAmEM. Hib, FAEEE

REVRAHESET EXE KR

[n0003]
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The current smelting processes for vanadium-titanium magnetite mainly include the blast
furnace method, the pre-reduction-electric furnace melting method, and the direct reduction-

magnetic separation method.

SRS ARG T ZEBOREEA. FTURR-BIFED AN BT R-ikE.

The blast furnace method for smelting vanadium-titanium magnetite has the advantages of
large processing capacity and effective recovery of iron and vanadium, but it also has
problems such as long process, high energy consumption, high pollution and ineffective
recovery of titanium. The pre-reduction-electric furnace melting method can recover iron and
vanadium, but the smelting temperature is high and the titanium slag has a high grade, but
there is no mature titanium recovery process yet. Direct reduction-magnetic separation can
retain the activity of vanadium and titanium components while reducing iron oxides by
metallization, which provides the possibility for further processing and utilization of
vanadium and titanium components. Therefore, it has become a research hotspot for the
processing and utilization of vanadium-titanium magnetite in recent years. However, since
the main iron-bearing minerals in vanadium-titanium magnetite are magnetite and ilmenite,
ilmenite is more difficult to reduce than magnetite. Furthermore, iron grain growth is difficult
under solid-state reduction, resulting in poor subsequent iron/vanadium-titanium separation

and low recovery rate, which greatly limits the application of direct reduction process.
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SR ek BB RIEEX, BHEN. N, BEEREK. BEXR. SRAMRKRTER
RERFRE, FUER-EBIFEDARBEWHENN, EEKEES, WERUSERRERARIUL
RIZ., BEEER-EEREERBUERRKEWINEME, REN. RADBENE, NEESA. K
HARRE—TMIFBRM T AIRE, A, EERMANKEKY MIFAARAR. EBETIHR

ELER RS TR0 MR E BB NMATRE FERERE, BB THIRN , W MEUBER, BESER
THREANEREY, SEESK/NARIBYRE, HREER, RAMRHTHEEERIZHN

R

[n0004]

Joule heating equipment is a technology that uses direct current to generate heat to directly
heat the material to be heated. Due to its characteristics of rapid heating, high-temperature
heat treatment and rapid quenching, it has attracted widespread research interest in the

fields of material synthesis and metallurgical separation.

FEASESEAERBELERERNAFZSAMENEAR, REEFREARE. SRAIEMRE
REER, EMESE. BEDBFWHSIE T 2RI FRHE,
Joule heating and carbon thermal shock can achieve rapid reduction of vanadium-titanium

magnetite and good growth of metallic iron grains, thus laying a good foundation for efficient
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iron/vanadium-titanium separation. Therefore, the idea of using Joule thermal carbothermal
reduction of vanadium-titanium magnetite to strengthen iron/vanadium-titanium is highly

innovative.

KA EERIRPURE A LSS IV TAE AU REIER LUK RIS RIFER, MMATR/HREY
BUNBREET RFNIZH MFERM. Eit, N&RREERAEERRPEIRNIREIRY 3R/

PNANBBZE+0EE LR,

[0007]

Summary of the Invention

YL INES

[n0005]

The present invention aims to provide a method for strengthening the separation of iron
/vanadium-titanium in vanadium-titanium magnetite by Joule thermal flash reduction and

magnetic separation.

& PR S TEiR M — T AR B PURIEIE (R - B SR A SR BAERE £/ A T BRI 75 75
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Vanadium-titanium magnetite powder and a certain amount of carbon source are mixed and
then placed in a Joule heating device for flash reduction. During the reduction process, iron
oxides are reduced to metallic iron, and vanadium and titanium components exist in the form

of oxides.

MBRRNERBE, . KA UEKIEHEFT.

Roasted ore can be ground and magnetically separated to obtain direct reduced iron powder
and vanadium-titanium concentrate. Direct reduced iron powder is used as a raw material for
short-process steelmaking, and vanadium-titanium concentrate can be separated from
titanium by acid leaching. Because the Joule heating equipment can reach 3000°C in 1 second
and cool down rapidly, it can achieve flash reduction of iron oxides and growth of metallic
iron grains. This solves the problems of low reduction efficiency, slow kinetics, and poor iron
/vanadium-titanium separation in the traditional direct reduction process of vanadium-
titanium magnetite. It has the advantages of low energy consumption, good iron/vanadium-

titanium separation effect, and high recovery rate.

VEIRE 2 BB -k A A D 3R S IR RSN A EERY), BERTRHMBIREREKRINR

L, NHREEVERIFITEUN. ANDE. BTEERKETUELISAAZE3000°CHIRE LA,
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A USRI SR WYIRIAR IR R U R BRI ERK, BRTEHNREBERT BERERIESFa Y
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SHI R

[n0006]

A method for separating iron/vanadium-titanium in vanadium-titanium magnetite using
Joule thermal flash reduction-magnetic separation enhancement includes the following

steps:

— MR B AIAERGE R - B 02 (BB SR K/ SR BV 5%, BREUTIE:

[n0007]

Step 1: Mix vanadium-titanium magnetite powder and carbon source in a certain proportion

and then place them in a flash Joule heating device for thermal shock flash reduction;

TR RN i HANBORELLAI#ITRES R E TRREERISERHITHAPENEREER;

[n0008]

Step 2: Grind the product obtained in Step 1 in a ball mill according to a certain liquid-solid

ratio to obtain a slurry;
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TR B BIFMGFYIRB—ENRELLLE TRENTEY , 8 %K;

[n0009]

Step 3: The grinding slurry is separated by magnetic separation to obtain magnetic

concentrate and tailings.

TR3: B W REHED BIRSHNET EY

[n0010]

In step 1, the particle size of the vanadium-titanium magnetite powder is 90% less than 74

um.

SEIR, FTRBYSNEAREERE f 4 RIRIE90%/ NFT4pmo

[n0011]

In step 1, the carbon source used is one of lignite, bituminous coal, coal tar pitch, coke, or

biomass carbon, with lignite or bituminous coal being the preferred carbon source.
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SR1P, FRANERAEE. WE. FEHE. fR. EYRIRFE—H, UEsRERNEEE

1o

[n0012]

In step 1, the mass ratio of carbon source to vanadium-titanium magnetite is 0.1 to 1:1,

preferably 0.3t0 0.7:1.

SEBIA, RN BIRELE790.1~1:1, {£5%590.3~0.7:1,

[n0013]

In step 1, the current intensity applied by the flash Joule heating device is 40-150A, the current
application time is 0.1-10s, the peak temperature is 1200-2500°C, and the number of cycles is
1-50; preferably, the current intensity is 50-120A, the application time is 1-5s, and the number

of cycles is 10-20.

SR1IF, NEREERILEFMINRYERERE /40~150A, MEANEREYEIA0.1~10s, BEREN
1200-2500°C, fEIFRERIL-500R; {LiEBIRERIREI50-120A, HEANAYEN1~5s, 1EHFREI10-

200,

[n0014]
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In step 2, the grinding particle size is 80% less than 45um, and the slurry concentration is 10%

-80%;

SR, ENRIEN80%/NF45um, FIRIKRE/10%-80%;

[n0015]

The preferred grinding particle size is 90% less than 45 um, and the preferred slurry

concentration is 40-60%.

IRRIEN KIE 7990%/VF45um, IRV 3R ARE 7940~60%.

[n0016]

In step 3, the magnetic field strength is 300-1800 Gs, preferably 600-1200 Gs.

SE3H, Hi1758E /9300-1800Gs, ikAVHE175RE /7600-1200Gs.,

[n0017]

The main chemical reaction equations of this invention are as follows:
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FEBNEBRNUF RN SN T:

[n0018]

Fe<sub>3</sub>0<sub>4</sub>(s)+C(s)=3FeO(s)+CO<sub>2</sub>(g)

Fe<sub>3</sub>0<sub>4</sub>(s)+C(s) =3FeO(s)+CO<sub>2</sub>(g)

[n0019]

FeO(s)+C(s)=Fe(s)+CO<sub>2</sub>(g)

FeO(s)+C(s)=Fe(s)+CO<sub>2</sub>(g)

[n0020]

FeTiO<sub>3</sub>(s)+C(s)=Fe(s)+TiO<sub>2</sub>(s)+CO(g)

FeTiO<sub>3</sub>(s)+C(s)=Fe(s)+TiO<sub>2</sub>(s)+CO(g)

[n0021]

Fe<sub>2</sub>TiO<sub>5</sub>(s)+3C(s)=2Fe(s)+TiO<sub>2</sub>(s)+3CO(g)
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Fe<sub>2</sub>TiO<sub>5</sub>(s)+3C(s)=2Fe(s)+TiO<sub>2</sub>(s)+3CO(g)

[n0022]

The working principle of this invention is as follows:

N&EPRFRIREET !

[n0023]

After vanadium-titanium magnetite and carbon powder are mixed, they are heated in a Joule
heating device. During the heating process, carbon selectively reduces iron oxides to metallic

iron, while the vanadium-titanium components still exist in the form of oxides.

PEREERH M TR S FE TABERIREPHITINR, MAIEPHREKENEREMIER A
B, ARASKIBUARMIIFFT.
Roasted ore was ground and then magnetically separated to obtain metallic iron powder and

vanadium-titanium concentrates, respectively.

KEIGRH 2 PR - MR D IR T B I N K E R,
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[n0024]

The beneficial effects of this invention are as follows:

RPN B RN

[n0025]

This invention utilizes the rapid heating characteristic of Joule heating equipment to reduce
vanadium-titanium magnetite. It features a simple process flow, good iron/vanadium-
titanium separation effect, and high recovery rate, providing a feasible approach for the
efficient utilization of vanadium-titanium magnetite in my country and has a very broad

prospect for promotion and application.

IRAFAEEAIREREA RN RRE RN REKE , BEIZRIEESE. TK/ARTBEUR
&, BREFRR, ARENREKET NSBFRRETIITER, BE 9T @ AR

=
5o

[0029]

Detailed Implementation
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[n0026]

The present invention will be further described in detail below with reference to specific

embodiments.

TEES RS A& BREE— T R 4R R,

[n0027]

Comparative Example 1:

xFEEBIL:

[n0028]

1g of vanadium-titanium magnetite powder and 1g of lignite were mixed and then subjected
to reduction roasting in a muffle furnace at a roasting temperature of 1000°C for 60min. The
resulting roasted ore was then ground in a ball mill with a slurry concentration of 50%, a

grinding particle size of 90% less than 45um, and a magnetic field strength of 1000Gs.
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R1gEEERN 0 M 1gB B S BRI HIFPHITERIER, 1BFREE1000°C, JB5REEA
60min; fFEIRVEIGRE TEIKENFHEITEN , 7 RKEANS50%, BEH KIEN0%/NF45um, WHi7iR
F£791000Gs,

In Comparative Example 1, the iron grade of the magnetic concentrate was 45.28%, the iron
recovery rate was 52.17%, and the recovery rates of vanadium and titanium in the tailings

were 49.32% and 55.61%, respectively.

Xt B3] LR AEt B aR/945.28%, SREIMNER7952.17%, BH . HEIEIRERS 517

49.32%7#155.61%.

[n0029]

Comparative Example 2:

XFEEHI2:

[n0030]

1g of vanadium-titanium magnetite powder and 1g of lignite were mixed and then subjected
to reduction roasting in a muffle furnace at a roasting temperature of 1100°C for 120min. The
resulting roasted ore was then ground in a ball mill with a slurry concentration of 50%, a

grinding particle size of 90% less than 45um, and a magnetic field strength of 1000Gs.
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R 1gNIKHEERY 0 M 1gBIE B S RS HI P HITERIER, BREEN1100°C, JBKREEN
120min; SRIBVEIRE EIKENPHITEN , B RRENS50%, B HIEN0%/\F45um, iz
52 E791000Gs.

In Comparative Example 2, the iron grade of the magnetic concentrate was 58.19%, the iron
recovery rate was 70.03%, and the recovery rates of vanadium and titanium in the tailings

were 66.38% and 73.26%, respectively.

X EE 52O s T BBk 958.19%, $XEIMNER7T0.03%, EH H. HEIEIRERD 517

66.38%7#0173.26%,

[n0031]

Comparative Example 3:

XFEEBI3:

[n0032]

1g of vanadium-titanium magnetite powder and 1g of lignite were mixed and then subjected

to reduction roasting in a muffle furnace at a roasting temperature of 1150°C for 180min. The
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resulting roasted ore was then ground in a ball mill with a slurry concentration of 50%, a

grinding particle size of 90% less than 45um, and a magnetic field strength of 1000Gs.

R 1gNIMEERY 0 M 1gBIE B S R EDHIPHITERIER, BREEN1150°C, JBKEEN
180min; SRIBVISGH EEKENPHITEN , W RREN50%, B HERI0%/NF45um, iz
2R 91000Gs,

In Comparative Example 3, the iron grade of the magnetic concentrate was 78.32%, the iron
recovery rate was 86.39%, and the recovery rates of vanadium and titanium in the tailings

were 80.36% and 85.47%, respectively.

X} L3 FREGERSH BISKMR I NT8.32%, FX[EURZA86.39%, EH P HHIEWERSHIH

80.36%70185.47%

[n0033]

Comparative Example 4:

FFEEf4

[n0034]
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1g of vanadium-titanium magnetite powder and 1g of lignite were mixed and then subjected
to reduction roasting in a muffle furnace at a roasting temperature of 1200°C for 180min. The
resulting roasted ore was then ground in a ball mill with a slurry concentration of 50%, a

grinding particle size of 90% less than 45um, and a magnetic field strength of 1000Gs.

R 1gBEERH 7 M 1gB B S BRI HIFPHITERIER, 1BREE1200°C, JBRETEA
180min; SEIBVIEGY EIXKENIFHITEY , ¥ RKENS0%, B KIENI0%/NF45um, Wiz
22 91000Gs,

In Comparative Example 4, the iron grade of the magnetic concentrate was 87.32%, the iron
recovery rate was 92.64%, and the recovery rates of vanadium and titanium in the tailings

were 89.47% and 91.36%, respectively.

Xt Eb B4 FREEEAEE RITRam I 87.32%, FR[EIURERTFT92.64%, EH Fl. VBRI 5N

89.47%7#191.36%.

[n0035]

Example 1:

SSHEfL:
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[n0036]

1g of vanadium-titanium magnetite powder and 1g of lignite were mixed and subjected to
carbothermic shock in a Joule heating device. The peak current was 100A, the current
application time was 1s, the peak temperature was 1800°C, and the number of cycles was 30.
The resulting roasted ore was then ground in a ball mill with a slurry concentration of 50%, a

grinding particle size of 90% less than 45um, and a magnetic field strength of 1000Gs.

R 1gNIEMEERY 0 M 1gBIE B S R S BRI R#EITHmAURE, HEINERIE{E/I100A, HEINE
mETEI s, IEEREN1800°C, BIFA%30/K; FRNVISRE EIKENPHITEN , U RRE
7950%, BRI HIE990%/\F45um, #1752 E791000Gs,

In Example 1, the iron grade of the magnetic concentrate was 95.17%, the iron recovery rate
was 96.67%, and the recovery rates of vanadium and titanium in the tailings were 93.48% and

98.36%, respectively.

SEHE 1 PRGOS Bk AI995.17%, FX[EIUER}96.67%, EH P, SKHIEUERSHI7

93.48%7#0198.36%:

[n0037]

Example 2:
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SEhEf2

[n0038]

1g of vanadium-titanium magnetite powder and 0.8g of lignite were mixed and subjected to
carbothermic shock in a Joule heating device. The peak current applied was 120A, the current
application time was 1s, the peak temperature was 2000°C, and the number of cycles was 30.
The resulting roasted ore was then ground in a ball mill with a slurry concentration of 50%, a

grinding particle size of 90% less than 45um, and a magnetic field strength of 1000Gs.

R 1gNIKMETRY B ##10.8g@IE R SRR E g ThPudhs, MANERIEE120A, KN
BREiEl s, IEERE2000°C, BIFREA30KR; FRIEIRT EIXKENPHITEN , &R
FE7950%, BEH KIE90%/VF45um, H1758E /91000Gs,

In Example 2, the iron grade of the magnetic concentrate was 93.25%, the iron recovery rate
was 95.54%, and the recovery rates of vanadium and titanium in the tailings were 93.55% and

96.32%, respectively.

SEHE2 FREGEREE Bk AI993.25%, FR[EIURE}95.54%, EH P, SHREIEUER D57

93.55%7#196.32%.,
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[n0039]

Example 3:

SEhEf3

[n0040]

1g of vanadium-titanium magnetite powder and 0.5g of lignite were mixed and subjected to
carbothermic shock in a Joule heating device. The peak current applied was 120A, the current
application time was 1s, the peak temperature was 2000°C, and the number of cycles was 30.
The resulting roasted ore was then ground in a ball mill with a slurry concentration of 50%, a

grinding particle size of 90% less than 45um, and a magnetic field strength of 1000Gs.

R 1gNIRETRY 0 ##10.5g@IE RS FEEEug &P THRPuPE, MANERIEE120A, KN
ERATIEINls, IBERE2000°C, BIFREAZ0R; [EINISGRN EIKBNPHITEY, T RK
E750%, FEH KIEN90%/\F45um, Wii758E71000Gs,

In Example 3, the iron grade of the magnetic concentrate was 90.18%, the iron recovery rate
was 92.54%, and the recovery rates of vanadium and titanium in the tailings were 88.45% and

91.65%, respectively.

16-01-2026 - Page 22



SEHE()3 R ELEAEE B Skan L /990.18%, $A[EINERF92.54%, EH Hl. AREWERI N

88.45%7#191.65%:.

[n0041]

Example 4:

SEhtEf14 -

[n0042]

1g of vanadium-titanium magnetite powder and 0.8g of vanadium-titanium magnetite
powder were mixed and subjected to carbothermic shock in a Joule heating device. The peak
current applied was 100A, the current application time was 1s, the peak temperature was
1800°C, and the number of cycles was 5. The resulting roasted ore was then ground in a ball
mill with a slurry concentration of 50%, a grinding particle size of 90% less than 45um, and a

magnetic field strength of 1000Gs.

R 1g NGk B #)#10.8g R S IRE R ERUSERHTIRPUR S, FEINERIEE/100A, KGR
BSiEALs, IEEREN1800°C, BIFRIMASK; SEIISRN EXRENPHITEN , U RKRERN

50%, BEW HIE990%/\F45um, H758E791000Gs,
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In Example 4, the iron grade of the magnetic concentrate was 78.32%, the iron recovery rate
was 83.32%, and the recovery rates of vanadium and titanium in the tailings were 79.35% and

83.36%, respectively.

SEhE 4R BN BEkmAINT8.32%, FR[EIURE783.32%, EH P, SHHIEWERS 7

79.35%7#0183.36%:

[n0043]

Example 5:

KRS

[n0044]

1g of vanadium-titanium magnetite powder and 0.8g of vanadium-titanium magnetite
powder were mixed and subjected to carbothermic shock in a Joule heating device. The peak
current applied was 130A, the current application time was 1s, the peak temperature was
2200°C, and the number of cycles was 20. The resulting roasted ore was then ground in a ball
mill with a slurry concentration of 50%, a grinding particle size of 90% less than 45um, and a

magnetic field strength of 1000Gs.
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R 1gNIKEERH B #H10.8g RS /BRI &R H TP E, MIIERIEEI130A, HANER
BtEls, EERE/2200°C, BHRERN200R; SRRV EIKEVIRHTEN , WRREN
50%, EEW KIEHN90%/NF45um, WE3758E91000Gs.

In Example 5, the iron grade of the magnetic concentrate was 94.12%, the iron recovery rate
was 96.38%, and the recovery rates of vanadium and titanium in the tailings were 94.25% and

97.54%, respectively.

SEHE I SFREEREE BRI N94.12%, $REIURERF96.38%, EH H. HEVEIWZERD 5K

94.25%#197.54%,

[n0045]

Example 6:

SEhtEf6

[n0046]

1g of vanadium-titanium magnetite powder and 0.8g of vanadium-titanium magnetite
powder were mixed and subjected to carbothermic shock in a Joule heating device. The peak

current applied was 120A, the current application time was 0.1s, the peak temperature was
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2000°C, and the number of cycles was 30. The resulting roasted ore was then ground in a ball
mill with a slurry concentration of 50%, a grinding particle size of 90% less than 45um, and a

magnetic field strength of 1000Gs.

R 1gNIKHEERN B #3310, 8g RS /R B Rug &R HE TR E, MINERIEEN120A, MANER
B8] /90.1s, IEERE2000°C, EIFREF30K; FRIRVISHRE EIXKEBNAFFITEYN , U RAE
7950%, BERHIE990% /N F45um, #1752 E791000Gs,

In Example 6, the iron grade of the magnetic concentrate was 81.15%, the iron recovery rate
was 84.32%, and the recovery rates of vanadium and titanium in the tailings were 76.54% and

83.25%, respectively.

SEhEf 6 FRELEABE B Ska L /981.15%, $R[EIRERN84.32%, EH Hl. ABEWERI N

76.54%7#183.25%,
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