%2 U EEETH
2021 ¥ 4 H Multipurpose Utilization of Mineral Resources « 119 »
ZEMPLRIHI R T ZI0R
ki, 28, ERAE
(LB T AE AESHEER HRASHABEBESIIE, jdt El  (063210)

WE: MR T RN MRS RN AR, MET ZEUAREIETE, QERR - BRE. KX
BES RS ERAL 2 SRS R IR RGOS SR RIMTE A BN HE —AHALH T 5 DR ILE.
REHA: ZEMR; B - BRE; KR, BEIRIRGTE; ESARTIRE
doi:10.3969/j.issn.1000-6532.2021.02.020

hESES: TDIS2

TR AR -FMEREGCESSEEMNERA
e, 1B EN 1545 Co IR TERAT, AET Ko
FHL=TER, HHA N.G.Sefstrom HIREE
BN E R IRECH SR M) 1959 &, FI%EKF.
J. Mofin B¥ V203, VO, VO ERAMERFLE
SMAMEE RFHITH - EBHHEREED, K
B VO 3 AR 2 4 B AR AR Bl BB,
LEE AN S CUTH, —EM4HEFLEHIE
Fi, BEFEHNGCTULN, —EH4AAFTEEN
PERR, FETHBAFHRHA Y, SN 2N
BT asmmas P, ek e, Haed " R
B REL 1 5 22 A4

1 Z&4AmFEETE
1.1 B - Bk

W - BERERE—HEBE LS. &
BN YR F L RA S KRB RN,
S T SRR B AL B & T 8. WK -
RV — EALANTT 4 AT - BBk A

YisHEA: 2019-08-29; EIHEA: 2019-09-25

E&ME: BExXEABEESTE (51874141) %)

VERRER: A XEHRS: 1000-6532 (2021) 02-0119-06

MU RS - Bk, @A LS KO8R
B, R A LA A B A A B

] B2 10 2 5% B HLVA B - BRI V] & &
L4, FRER 2.1884 g AEAML -5 5 mL X F A
375 mL BT BAEES. £UiEERIELE,
R EER, BB 1dEHRHMTEOM T E. RF,
KRR  DHEITIRE. B, HATE
O34 400C T4 338K 0.5hs 1h. 2hs 4h.
5h, BENERBAEHH SN FREH:
258 KIFIEIN 2 h B, BN S EER 54,
REM BT AT 8.

SR U0 S RNV - B & — 4
1RER, JERN 1 g AR 100 mL10% XK,
7E 80°CIRE F/KIB LR B ENIIER, K%
TR RESBHPIIR T EEKEBH & L,
ERREPSSAT 480°CAE 1 h (PFBE —Eidb
B, SRRE, AR &N ZEUNEERE
K B2 B #5450 7 100 nom A .

Wu J P S BB - BERIES & Z A4,

{EEEN: T 994, B, BLWARLE, LEFTRAMELE.
BIEEE: 28 (1981, &, B, BIgE, MIHRESTH, EEMATAABRESENASEBRERER

R 4% . E-mail: 121775262@qq.com



=120 - e

=3
Q/T‘%

HA 2021 £

JEBE 9 BE /R H 1:80:8 f V20s. CaHioO 1 C/HsO 1
BEBW. BHREEN10C, 4hTEERIE
FURBIEE R .. BERKRRETREER HCL
H20: : H20= 2 : 2 : 5) FAFRMEE R (NHs H20 : HoO2:
H:0=2:2:5), RFARBKEE=GF EEFIRK
5, TEREERXEEXFH, REREN
30 min, RMIBESHJ8440C, 460°C, 480°C,
500°C, 520CHI540°C, 53] VO, K. F4RKH,
7£ 500°C I, &0 S M AR A

B - B A ERAER . RERN
mAER. HBRXNMAHHAERA, BFEE™
o % A R, B IR L R BT R . IR -
B S & S AR BRI ERTE, Bl
5 ¥ ) % B S L R R B B R A AL AR A A
RREEESAE, CRFTRIELRIEER
My, TERSRERZMBHERITHR, 4K
%%wmlﬁﬁﬁ%ﬁmmﬁﬂ%%ﬁﬁiiﬁﬁ
St AL - BB EFE VISR - BERIEH R EAT
ﬂ—ﬁﬁn%%,hgiﬁﬂ$,mmﬁéﬁw
BARRBEEGHRE, WINEFIEPESERR
&, RIFMRRMMERERERNE .
1.2 K#AE

KRR — AR IR T, BT
P SR R R B R O, VR R R
MRS, FRMEEFFEFGERESA, 7
BABNRBEMMER YRR EBRELSZEN
k. EIT K HES & A AP E KR &g
i, B+ AT = M.

5y e U LR K Pl & ZE AU, FRIR
RTEERE TS, ERAREAZAMTKE
WRERW, BEBRARNEAN, MAZEBEK, #
W pH A THRE R AL 5 C /min [ L5 KR & 1E
RTEEMNERRSIE. REMT. SRRy,
W EREEH 50 'C. pH =3 RMEEA 24 by HEF
B 0.7 V20s: NaxSOs N 1:1.2 0, Hl&H &N

i B
HH

E
EIE

\

PR B R AR AT E ) 854%

EE S SREUK S & ZENPUBR, R
# T ANEREFIS AL RERE, SRE
B BIABERE N 1 1 FIAEA 415 NaHSOs.
KB B, 0 AMNEEK, BEEEERN RN
ZHHIRE 190CHREE 15 h, AHTFRITIEEEE
R, SRR, HEBAE RS RN,
4B A AL, TT 2T NaHSOs e
BEFIN , AR SR EREM

B 1 S KRG BRI A B K
&, HEATERENEAAGKRERNEME, 3051
T V20s (4 AT 4 KRB AF] 40 mLH20(30%
SFreE) o, TEASINTE EREE N R AT
s, REBIZIFFBHKERRFE, K
£ 20 min B R—MRBLGEER, Z2H1REE
FUBS 40 8 1) V20snH20 BRI, A 0.675 ¢
‘B (AHTal) AR LRERT, B
24 h EBRAEESY, FREREFM KRR 1
B, BREEYEH 4 B B T KA S ERBRR B,
WMANET TR F 80CFIE 5 he ATFAKREH
BEMEMAGRE NI, Sl KB F R
BIBZNE, 4> BIHI% T 120C 150CHI 180 C/K#R
R T REMRGRE =M. & 150CKBGHL
HMEMAGRE =R S B — EREWRE

Xiao X 7 &5 F /K B2 SRl & 4ok &AL,
FERARLENA N, EBAAEMAL - ERL
KN2:1L,IEEER160C. 180C. 200°C, HAIZF1M
24 b~ 36h. 48 h. 60 h, AELZHHIRESHIN
0.0125 mol/L~ 0.055 mol/L~ 0.15 mol/L~ 0.5 mol/L,
R JETE 500°C B EE AR HTBRAE RNEHNE
HiR. SFRERWH: HEFEHN200C, KA 48hET,
FEAZHIRE 0.0125 mol/ #l & I S HIE
BRI

IKPWE T2 LR FATZ], REBRERAS,
RNEER Tk, ERBIERE, FT#E, &



W2
2021 % 4 73

RIME . R EE T IR . 121 -

B S), MR, SRS, HREE BRI
IR BRI B AT IE I K Hak ] & B SR
EHTHERFRBEMEEREMEEL R, FEN
FFE IR AR AN S BEA R, 78 40 AME SR
75 DU SR BRI T A & E KRB, KK
HLZMRRERRMAZIG RS, ERIHKM
BAE = () R RIE SRR 42 R 4, e hEa b
il % H SE 0 B S A B B AR R IR AT R

1.3 FiIETEETE

Tl A2 W SR VE AR AR ERIR B R (R ] 49 o 9 ST 4%
TEAVE AN BB IR A v, O R R G B R
RBEAFNSHEASEREM, ERES. &
SRMEAMER TAE, MM TR, ATTE
BURLF BE S AL R IR ST k. g fEd S5
R, BV BAJEHIE A .

B EHE W HE RIS AR & &
WHL, FRMEC R &R, WHThERSOoW, T
fEUE 9 0.8 Pa, BEIASFE AR S
SR B B A 3.33% 6.66% 10%- 13.33%
FH16.67%, VLA ZE A HE 5 FITE 350°C
450°CF1 550°C EZ N, fRE 1 h FAHNERR,
SRR, ZHSMNEIER & X EBNTZ, K
BERN450°C, 0 EN3.33% B, H&H 84
P IE R AT

Bh R4 PO SR S AR R R SR SR B 5 = E A
M, M ABREEE, RIS RS H R
SRES, WHHE 200W, THESERN1Pas I
IR 300C, YIARET 435125 5 min. 15 min.
25 min f 35 min, Z5RRA: FEEIRGTE RIEL,
me AL SRR T, RSTBEHE R, Mkt
[8] 5 25 min B, &&RRK/NBNEE] .

XI| R 56 25 1SR B B O A A W A v SR i &
AW, EaESNN % 10% 15% 20%-
25%, MR, BIR AN BEEMR
WSt T 200 W, JRSTETE] 30 min, 7E 500°C %1

TR 1 he2h 3 b 4 h, EREH: BEHE,
WA EARNRELRY, REEANEENS
RA=FA =, EAERT 20% B, JeEfE
REEMES N AL Y, BB LAAMNT
PLERETE 300 CIN# 3 h BFAAHEE 2 R — A4,

Zhang H % P2 B B IR RATE TR A VAR & &1k
P, BERMENESREE R, ASREERN
4% %125 1 mL/min 2 mL/min. 3 mL/min % 8 &
J9100°C, YUARES A4 A28 25°C. 30CHI50C,
B KA 4504 15 mins 30 min. 1 45 min, Bk
IBEANRIH 250°Cy 300CHI 350°C, LERFH: =
S0 B TR T A AN S T B R DLE I 1R A Y AR e
SREH, hnESTE, B KR SR K,
SRR BRI A R, BRHER
HIWE G TR, ERURECNE, B AR /N S

5

i

B AER S R, & & S A L
B o THM, B RUEHE I LB E R AR AF
EEMBEAERE, 2808 LHnSHRaty
BR, HEBFAENABREEAERS, ¥
HHEAMMSHEMY, AR, HERRK,
e LA SR Tl A A 7 S5 Bk o IR PR AT AR
PHIE TS, SHMZEAFNZHEE TS
FE LG IR AN R, B0 L 4 U ST v ) 28 ) AL AR
78 N AE LA T TH R AT, SRR AT
T XA BT, KB HOLE B RE 6 T 6.
RKH| & TER R REBHBRERRMEL, BH,
RETEBAT AN SR 6 &2 EE RN AN
PR, WAMERFELEHE T ENREN, &
RERRE, I FEARAE ™ iAo
L4 LESHENFE _
WS M UIARE R @S R RN 5 R
RLZE, MRIGEREE ERAEN SR BMATIRERER
il & IR R T, AR — RO S A A
VAL &Y, RIEEARERT 70 8 F ESMAIIR



« 122 « wrEsE A

2021 4F

BARIE S BB EYSATTRRE Pl

Sahana M B! i@ i & & 4 B A Vl.4b =S AHUT
FoRMI S AL, A B- %AW, OBEA
B EAE Ao, A AL IR TR 7E 3
Fo GERFW: KA 475 ~520C HEECE A
B S BRI s, £ 475 C RNERKKE
JIE B AR R 2 FE 520C R, RA LR, Bhib,
7E 475°C T YLAR M EIETE A2 i R /)N BROIR B
JGo TE S20C FAEKKMRNZREERR, BE
K.

Maruyama T % P4 B % & S AHTTAR 2 R i &
ZEMAR, BRI ZBRRER, BBCONERIN A3,
W ERM#AE 220C, PPARSEETEAEE,
RIEBANESR, BWIRESEENBERNATE, W
P 500°C, SRJEH 1.5 h FEE 200C, {FHI&1E
JEET T RBINTTRAH. ATIE, A—4H~ER
PR AHTR G S EE, SRR, Ed 150K
SEABYTAA T DARY 1L AR =2 V307 25, &1
ZEAMNHLEEE g

Vernardou D % PV F F % FE S AHUTAR A 1 &
TEMR, FEANNE, R R,
B AFARS, WEATLS KM 1:1.
1:22v 13+ 1:5+ 117, #RRIRE N 350°C 400 C A
450°C, SRFH, H&N ZAAPLERSEZ Y
SIS 7K H BB IR E AR E R, S
R 15, BEN 150CRT, il & 1 A AR SR
B

S M PTAR R H % — E AL A A R R
MEGE, AFEWMET, HRNBREENAEES,
B2 ) 2% 09 AL AN Z 4L B4 AL
S RCOREDIR, FEXT T HAMSIE L E, AR
UL LSS R R A=, B AEE RIFRIG
SRR, RIVERZE AL AMRIIER 0 & DR,
EETHBANAERFHARE. TEH&EKZ
EAE IR RN K R PR 5 28 W XE T A

IR ARG BE R A, ) E TR T R
PR, RATEEIMBRIRL . WA,
1.5 HiH&ETE

Bk IR B JURH & — S8 T,
A ERIE PO, EUKFEE P LS ) =
HRRMY, FEFEFRAR. MEIREE,
RS, AL T ILER, B—1Hl&
TERRHENMEIESR, ZMHGETZ4EE
S AR R AL, SR A O R R —
FE I R v Rl 46 AL P, SR AIAR Gk #
ERERPIRE R, MRS RERE, BEX
WL, RMEERERFS. RECEIHRES
P 8] % O Y R ) 4 S R AR M R AL, vk
R BT T B HEAl
2 %

TEALHL BT RO AR L A A R AU R A
s, ZTLENTEMR, AR ZEM4HAH
FIETZHEREZENR A, BITEAI &4
PFFREREREAERRE, SRR
R, ok, BAREE. BEUERSAENNZ
SR B ER R KW, HHEE - SR
HTZERRE#S, RERZEMPBSEELD
BEATRURE E T V2N .

B Sk

[1]Nakajima M, Takubo N, Hiroi Z, et al. Study of photo-induced
phenomena in VO2 by terahertz pump-probe spectroscopy[J].
Journal of Luminescence, 2009, 129(12): 1802-1805.

[2]Morin F J. Oxides which show a metal-to-insulator transition
at the Neel temperature[J]. Physical review letters, 1959, 3(1): 34.
[3]JCHAE B G, Youn D H, Kim H T, et al. Fabrication and
electrical properties of pure VO2 phase films[J]. arXiv preprint
cond-mat/0311616, 2003.

[4] B , B, A, & . —EAHH& 5 MR #Ft
BB [T AR SR - R 55 ELE1R |, 2008 (3): 196-199.
KANG X C, ZHAO Y, WANG Y B, et al. New progress in

preparation and application of vanadium dioxide [J]. Materials



E2H
2021 £ 4 H

RIME: AR E T IK

+ 123 «

Bulletin: Nanometer and New Materials, 2008 (3): 196-199.

[5] &, BFxf, AEHF, 5. 8N EENEN, fl&
SR 1. EZF5%E , 2001, 7(3): 136-138.

XU M, QIUJ W, HE Y C, et al. Structure of vanadium
dioxide film, preparation and application [J]. Vacuum & Low
Temperature, 2001, 7(3): 136-138.

[6] LEEY W, KIM B J, CHOI S, et al. Photo-assisted electrical
gating in a two-terminal device based on vanadium dioxide thin
film[J]. Optics Express, 2007, 15(19): 12108-12113.

[7]1 GAO'Y, CAO C, DAI L, et al. Phase and shape controlled
VO2 nanostructures by antimony doping[J]. Energy &
Environmental Science, 2012, 5(9): 8708-8715.

[8] MR, 7HE , TM, & . ZEMAERREH AR
WikRE (7). WIER | 2007, 26(6): 814-818.

FENG S F, NING G L, WANG J, et al. Recent progress in
the preparation of vanadium dioxide thin films [J]. Chemical
Industry Progress, 2007, 26(6): 814-818.

[9] FREE, &, BBIL, & . ZE LGB IE ] & 7 R
FAAETE BRI AU R (7], ERDCER B 2R , 2015, 34(5): 1-8.
ZHANG S X, YANG X, CHENG J, et al. Research progress
of vanadium dioxide thin film preparation method and
thermogenic phase transition property [J]. Journal of Chongqing
University of Arts and Sciences, 2015, 34(5): 1-8.

[10] 5%, YA ZR , BETT , 5 . WL - BEBAHI &ALl
PR 45 M B PERE AT (7). SRR BIR 58 |, 2013 (3): 35-38.
HW Q, XU X D, WEN Y J, et al .Study on the structure and
properties of Vanadium oxide thin films prepared by sol-gel
method [J]. Experimental Technology and Management, 2013
(3): 35-38.

(11] R, BPIE , KEW, & . VO HERAIH] & FHHA
FOEF RIS (7). ThEEM K, 2013, 44(8): 1110-1112.
SONG L W, HUANG W X, ZHANG Y B, et al. Preparation of
VO thin films and study on its thermogenic phase transition
characteristics [J]. Functional Materials, 2013, 44(8): 1110-1112.
[12] WU J, HUANG W, SHI Q, et al. Effect of annealing
temperature on thermochromic properties of vanadium dioxide
thin films deposited by organic sol—gel method[J]. Applied
Surface Science,' 2013, 268: 556-560.

[13] NI S, ZENG H, YANG X. Fabrication of VO2 (B)
nanobelts and their application in lithium ion batteries[J].
Journal of Nanomaterials, 2011(3).

[14] B8, BISCHRK , SRR E , & . K BIEH & 90Kk Z8 M
B8 [7]. BE4H4L T ,2016,33(04):361-365.

YIJ, YAN W B, ZHANG X J, et al. Preparation of nano
vanadium dioxide powder by hydrothermal method [J]. Fine
chemical industry,2016,33(04):361-365.

[15] BF . KRUEHE SR [D]. 8l - T TRECR

& 2014,

YAN J. Preparation of Vanadium dioxide powder by
hydrothermal method [D]. Liaoning University of Science and
Technology,2014.

[16] BHE , £5& , 4KkE, % . KREREEXNELAH
KERREW [ AL TE AR 2013,41(6):75-77.

CUI C J, WANG L, NIU Y S, et al. Effect of hydrothermal
synthesis temperature on vanadium oxide nanotubes [J].
Chemical new materials,2013,41(6):75-77.

[17] XIAO X, CHENG H, DONG G, et al. A facile process
to prepare one dimension VO2 nanostructures with superior
metal-semiconductor transition[J]. CrystEngComm, 2013,
15(6): 1095-1106.

[18] Shigesato Y, Enomoto M, Odaka H. Thermochromic
VOofilms deposited by RF magnetron sputtering using V203
or V20s targets[J]. Japanese Journal of Applied Physics, 2000,
39(10R): 6016.

[19] =28, B, K E , 5 RN H & RERZR
EEAHE [1]. £BShast Rl ,2017,24(3):18-24.

LIY L, FUHR, ZHANG X, et al. Preparation of
vanadium oxide thin films with low phase transition
temperature by magnetron sputtering [J]. Metal functional
materials,2017,24(3):18-24,

[20] #hE , ARG , ORAR , & . MEAS IR vtk & — S AL
R MR ] A 2B EE TR ,2009,38(4):717-721.
HAN B, ZHAO Q N, YANG X D, et al. Preparation
and characterization of vanadium dioxide thin films
by magnetron sputtering [J]. Rare metal materials and
engineering,2009,38(4):717-721.

[21] XIRZE , REW , K, F . REBIERE A %S0
R 1] BB £ BB TR 2008,37(12):2221-2225

LIU FJ, YU Z M, CHEN 8, et al. Preparation of vanadium
oxide thin films by reactive magnetron sputtering [J]. Rare
metal materials and engineering,2008,37(12):2221-2225

[22] ZHANG H, WU Z, YAN D, et al. Tunable hysteresis in
metal-insulator transition of nanostructured vanadium oxide
thin films deposited by reactive direct current magnetron
sputtering[J]. Thin Solid Films, 2014, 552: 218-224.

[23] Sahana M B, Dharmaprakash M S, Shivashankar S A.
Microstructure and properties of VOq thin films deposited by
MOCVD from vanadyl acetylacetonate[J]. Journal of Materials
Chemistry, 2002, 12(2): 333-338.

[24] Maruyama T, Ikuta Y. Vanadium dioxide thin films
prepared by chemical vapour deposition from vanadium (IIT)
acetylacetonate[J]. Journal of materials science, 1993, 28(18):
5073-5078.

[25] Vernardou D, Paterakis P, Drosos H, et al. A study of the



«124 PrEgERH 2021 4

electrochemical performance of vanadium oxide thin films dioxide thin films by hydrogen-water equilibrium method and
grown by atmospheric pressure chemical vapour deposition[J]. XPS energy spectrum analysis [J]. Spectroscopy Laboratory,
Solar Energy Materials and Solar Cells, 2011, 95(10): 2842-2847. 2002, 19(6): 819-821.

[26] Axelevitch A, Gorenstein B, Golan G. Investigation [28] R, BOOR, TEE, & . Wi - FEERE]
of the electrical transport mechanism in VOXx thin films[J]. % MM ZE MY 7). EEEE T2, 2019, 27(3): 41-46.

Microelectronics Reliability, 2011, 51(12): 2119-2123. CHEN Y C, YAN W B, SHI A H, et al. Preparation of M-phase
[27] Bk, MEM, BE, & SKFEEH & _SMANHE vanadium dioxide powder by microwave assisted thermal-
JE F XPS BEIE ST [7]. JeiESLHLE | 2002, 19(6): 819-821. methanol reduction [J]. Materials Science and Technology,

GE X, SHANG Z H, QIN Y, et al. Preparation of vanadium 2019, 27(3): 41-46.

Status Quo of on the Preparation Process of Vanadium Dioxide
Zhang Shuai, Li Hui, Liang Jinglong

(Key Laboratory of Modern Metallurgical Technology, Ministry of Education, School of Metallurgy and

Energy, North China University of Technology, Tangshan, Hebei, China)
Abstract: The basic characteristics and application status of vanadium dioxide are summarized. The preparation
process of vanadium dioxide is introduced, including the research status, advantages and disadvantages of sol-gel
method, hydrothermal method, magnetron sputtering method and chemical vapor deposition method. And His own
insights on how to prepare vanadium dioxide more rationally in the future were given.
Keywords: Vanadium dioxide; Sol-gel method; Hydrothermal method; Magﬁetron sputtering method;
Chemical vapor deposition
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Experimental Study on Re-dressing of Dahongshan Middle Ore of Kunming

Iron and Steel
Chen Junliang', Yang Bo', Li Xiuzhi', Zhi Jinghao', Xiao Ripeng?
(1. Kunming University of Science and Technology, Kﬁnming, Yunnan, China; 2. Kunming Science and
Technology Kaijisi Technology Co., Ltd., Kunming, Yunnan, China)

Abstract: The iron grade of Dahongshan iron ore of Kunshan iron and steel is 50.68%. The main
components of useful minerals are hematite and magnefitel; The gangue minerals are mainly chlorite and
quartz. The proportion of fine-grained minerals in the mineral is 'relatively large , The grade is higher, -74 um
particle size accounts for 89.05% of the total weight, the iron distribution rate is 92.77%, -38 um accounts
for 51.07% of thetotal, and the average iron grade reaches 54.58%. According to the properties of the
Dahongshan iron ore in Kunshan iron and steel, a curved surface spreading film sorter was used to conduct
experimental research on iron recovery. Under the best conditions, a good index of iron grade 61.12% and
recovery rate 81.26% was obtained.

Keywords: Hematite; Magnetite; Gravity separation; KGS-II



