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Fig. 1 XRD pattern of microwave treated ore
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Table 1

different particle sizes

Main chemical composition of magnetite with

Particle Mass fraction/%
size/mm (0] Si Fe Al Na Ca

-20+10 26.88 31.09 22.79 6.51 327 1.21
-10+4 3437 22.69 3022 578 237 129
-4+0.83 36.80 2574 2296 643 239 152

ANFRLEE AR Bk & IR 1 s, R
TR KL -10+4 mm M FE B S R, 5
T BRI 20) X R, BT R AR AL

Ay IF HRLEE 1044 mm 980 PR S s, K
FIARTRI DDA (e AT R AN, T fie bR o

1.2 ILWHE

LI RMARWME 3 PR, FEAFEME. 7.
TCBMATAL R . BREE . WBIR . TSNP IR,
1.2.1 5" BRRBRE AN 575 43

H KRR IR AT, AR AE LR
20, 10+ 8. 4. 0.83 F10.27 mm [FJh5 v 57 X B R 5

(2)
Magnetite

o
- 4
o

Gangue

ok Lol TIPS 8N
B2 AR TR s IR
Fig. 2 Microscope images of magnetite ore with different
grain sizes: (a) —4+0.83 mm; (b) —10+4 mm; (c) —20+10

mm
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Fig. 3 Schematic diagram of test process
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Fig. 4 Temperature rise characteristic curves of minerals

with different particle sizes
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73 A A B B X b FE -20+10 mm (IR #F RICR %
£, DRI S SR SR8 35 5K F R B2 -20+10 mm AR
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Table 2

microwave grinding aid

Influence of particle size of ore sample on

Particle size/ wi%
mm Raw ore After microwave
-20+10 73.00 81.69
-10+4 92.29 87.60
-4+0.83 94.08 94.34

223 AR RS R B PR 5 e

PLKE £ —20+10 mm I REERA N kL, 43 i HL
30 g 7 HEAE 1000 W R T 2 In#4 30 . 60 s,
120 s+ 180 sF1300s, R FTINFAES ] X BE ™ R 2R 1
SO o H S AR, A PR R B A e AL R
IR T P A8 K 2 38 ORI k), e A 1R 90 Ak B ) 1) Dy
120 s. TEZAME T IR IRE-0.075 mm Pk
B Hwik87.32%. A4 T, FEREIN
RS, RN THEER - EE TR E, UEHEK
B DL N YURI R A R A B . PRI
BHERE 5 BRI G, TR RE VBT R
R, EREER T, B R TR
W20 s J5,  BE A R 0 AT ) ZE K, kL
JZ-0.075 mm YRR = w2 . T8
A (Fe, O F1, HA HLH EAEARIR N UK,
BEE IR S, AR . kAR R
B TR, X REERAT AR AR S M 22 K, AT 52
BTk BhEE IR . RGN WD E e 4 T 2
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87.32 8568 s 01
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Fig. 5 Influence of different heating time on grinding
effect
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EIFEAE ML IR .
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K, RLFE-0.075 mm PR & 5 Fow B BT R R,
XS PR e AR s TRl AR AT 7 ki n #ad
FE P & R U R (Fe,0,) 1822, FRERT 5 kA
R, BRI, A B I R BRI
TRTEEME . B I AR S R RE (AL 5 o
RIFR. WRITEH, BN G Fe
SRR 22.80% 47, WAL,
2.2.4 Tk D) ENT BT AR IR

TR i HH D200 e 0 A 53 ) iR R et A B

&3 KLE-20+10 mm KIHFE7E RGEIN B ET 5 # 4L ~7
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Table 3 Chemical composition of ore sample with —20+10

mm in particle size before and after microwave heating

Element Mass fraction/%
Raw ore After microwave

0 26.88 32,80

Si 31.09 25.74

Fe 22.79 22 96

Al 6.51 6.43

Na 327 539

Ca 1.21 1.52

[El6 B WO N AT 5 Bl i
Fig. 6 Metallographic microscope images of magnetite

before(a) and after(b) microwave heating
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SIS SE R T . 7Rk, B e Ak
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WV REBT & 5 Hw B A RO T R 4R T e 3G K s
W o B SR T N 250 W BN 3] 1000 W, Fi
J£-0.075 mm [FIP0 R 5> Bow th 83.46% 127+ 4
87.32%. XUt BBEE s DO # 1) T i, WA AR
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DI# 1000 W, 7E1Z 56 AF N IS 1 B A RUR S AL
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Fig. 7 Influence of microwave power on grinding effect
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Fig. 8 Microwave pulsed heating curve
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mm DRI &5 B ow BRAK . 1 B3 O Rk 9 2 3
ANEERTHREAT ( ] B, T R S TR PR ik b i A 2
SRR RURL— RO S, 1A A A AR
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FEAE BRI RR L . BORE P VAT TRAL BRAN A
WA BB AR AR LG T IR (w=73.00%) 1 4F, wiz
w11 5.73%, AHi T &, 75120 s
T BT E] N A0 Rl 7 20s, BRIk 5L
120 s [ BET RUR (w=87.32%) 6 — E £ . ik
KR EEIER DG FL T A B B A1
232 JEHIAK BT B RO
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mm P FEE B 50 5, [ 8 S ik B4 10 s
ToAL BELEL I (8] 120 s DA KA T 26 1000 W, FR 75 5
AN A (1) B 18] 43 531 4 20 s+ 30 s« 40 sy 60 s
B, ik JE A G BE R AR s, 45 SRR 4
Ne HHFRAWHI, IR ERES[A] 10 s ZEK 21 30 sH,
AL DAE B R R, w M 72.96% i 5 IR TF &
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Fig. 9 Effect of pulse width on grinding effect

FEAE R R K B AL 2 R B AR A B A,
INT BN PR 2 B 2E, AHIES T 3N
JIRI= A . BRI s v AL, BRIk 9E 10 s+ [A) K
INFE] 30 s s R HOm#TT e Az #gr Xoes™
REBEAT = A 3 (0 A B (R 1] 120 ) AT A5 BE ™ 20051
BB ERAE, w=84.77%. EIMZINH T I B K
RRSAR T E S 120 s OB 2R, HE R
FA s Bk b in # J7 2N il AR BRI R4 h 30 s,
FHEC TS # T KT LA 29 75% IRERE, 15 RERK
REE,

R4 Gk I T ROR KR

Table 4 Influence of microwave pulsed period on assisted

grinding effect
Pulse period/s w/%
Untreated 73.00
20 72.96
30 82.76
40 84.77
60 78.73

2.3.3  BkyP TSI B R AR

5231 A3 2SR AT E1, X 30 g ki
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PRAR UL Dh 20T B R sem, 25 R wR Sy
No HRSHHL, MR IIE N 500 W, ki
J£-0.075 mm PR B 7 Eow (N 75.90%, {HZ

O Th AR T A 1000 W A 1500 W I, R -
0.075 mm [} P1RL 5T 573 80w RE 73 70l 1K 31| 84.77% Al
83.35%. XUt HIER S T F N s ik b i FA e {2 ik
WH RIS, BRI A RO RIS, dEim 4Rt BE
W RCREO SR, 24 ek Ty 223K 3 2000 W I,
BE ORI T o IR AR IR FE R =0
30 g, H A9 BA RN R ) ek & &R
I, 38R T S NG AR A BB BT R T, T
T B AU T T HLAS o ko oy
ACFRE, B Th 2 i i B (R AR 30 s, HE—
AR T WO A A SR 28 ERTR, R
O Ik AT R AL BE 30 g MRk, AR T
#1000 W,

RS BT FRXS BT IR

Table 5 Influence of microwave power on grinding effect

Power/W w/%
Untreated 73.00
500 75.90
1000 84.77
1500 83.35
2000 68.54

2.3.4  Jhkar Ta) B ERODn A I 1] %o B R0 SR ) B

R TR E T e ik TR A R B £ ik
HORSAR DA, T i IS (R R, R
REIX BESE A 120 s EEH RO, BRI AR IT
SEA IR ok b R T A R 4D B T SR A A A 5
R, SEae s A 10 . B0 R %, Fikk
LR 9200 i, BRSO B, FiEE-0.075 mm
PR R 2 A B 89.75%; T Ab B A I (] SiE K
240 s, B BURBEIG, w=81.89%, TP T
7.86%; THALFR SN A — K 52320 s I, w
KA 79.32%. 38 BCiZ 45 5L 1) Jit 8] 2 o 4 B A B[]
K G LA KA 2 [ iR 2= N, AR TR
Wl 5 A P AR T e EE 23
TG ok in A R AR R B R AT U IR 1) A
B LR AR, e al IR BB (1 iR AR
TESHCN: PR [E] 200, fHiETHZE 1000 W,
O Bk R NI (8] 10°s,  [A]BE 30 s. FEBLZRAFZ R
A A B AR B 2R, RURLEE-0.075 mm (408
Jii 573 B w IR ik 89.75%
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Fig. 10 Influence of total heating time on grinding effect

2.4 RURMMAFEENRERNIE

SNIE B AR 0 A TR EE R A 0 A A B
iR ResE,  BURLEE -20+10 mm FIREEE 1 AT
FE, A8 SEM 43 5l W 8% J5 ™ AN FH 7 P e Al i
o7 ARSI, SR WE 1 AR, B
1 (a)r] W, RAFJFEHH, BT KA 6%
Wy HE 110 AW, GRS IS R,
WA 5 kA W AR G ST - 2L R sE s R 1
(c)RT W, st Pkt TRl R = #R s I R, Ak
Shcawit i E R R R SAk, W
PR BRSO R T8 A A3 R A B R . RAERAT
WG AT Ry N Fe,0,, A HE B s
kAR EE R AT, NHEEBIRIS, JLFAR
WOt . WSO SR I 05 2y R s gk, AT
BRI 2 18] 7 AR R B 22 e AR R K 22 B9,
HH PR AL, At I T Ak B G R A P i S LA
ERHEER, A FRRIE 0 2 AR R o 7E
TOBERST T IE BRI EY, TR S T ] B
PE, R BB REFER H 1.

3 Zig

1) s FH st 3% 2 Ik 7 5% 30 g Kz E -20+10
mm [REERA T RE AT AL BERT, I Th =4 1000 W
I A Ab 3 180 s, 15 2K -0.075 mm [¥147)
BHR BB R, w=87.32%, MLIRF" BT
FIwHeE 17 14.32%:;

2) Rk Rl IR 30 g K R-20+

Gangue

Gangue

Magnetite

Bl 11 BT e Ry b 2R
Fig. 11
heating: (a) Untreated; (b) Continuous heating; (c) Pulsed

Cracks in magnetite before and after microwave

intermittent heating

10 mm [FIRESRA 0 FEREAT AL BRI, S AT S i Th
1000 W, 32 il B0 o Rk #4410 s SR8 5 1) B
30's, Witk AR S AE 1O E A TAL B A I TR O
200s, A DASRAFEAEMI BN E, w=89.75%, #H
FC R BN I wils 1 16.75%. JFH., KT
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Comparative study on microwave-assisted grinding of
low-grade magnetite by continuous heating and pulsed heating

YAN Yan' 2, CHEN Kai-hua'?, CHEN Jing"?, GUO Sheng-hui"**

(1. Faculty of Metallurgical and Energy Engineering, Kunming University of Science and Technology,
Kunming 650093, China;
2. State Key Laboratory of Clean Utilization of Complex Non-ferrous Metal Resources, Kunming 650093, China;
3. National and Local Joint Engineering Laboratory for Microwave Energy Engineering Application and

Equipment Technology, Kunming 650093, China)

Abstract: In this paper, the raw material, low-grade magnetite, was pre-treated by microwave continuous heating
and pulsed heating, respectively, in high-temperature microwave box furnace to compare the different effects of
each methods on the improvement of grindability. The sample with a particle size of —20+10 mm was mainly
selected as the research object. The results show that, by adjusting the parameters of microwave power, heating
time, pulse width and pulse period, the best conditions for continuous microwave heating are microwave power of
1000 W and heating for 120 s, the mass fraction of materials with particle size of —0.075 mm can reach 87.32%,
which is 14.32% higher than that of direct grinding. The optimum parameters for pulsed heating are microwave
power of 1000 W, microwave heating for 10 s+intermittent for 30 s, and total pretreatment time for 200 s, the mass
fraction of materials with particle size of —0.075 mm can reach 89.75%, which is 16.75% higher than that of direct
grinding. The SEM analysis shows that the microwave radiation treatment of magnetite concentrate produces
cracks between valuable minerals and gangue, which promotes the separation of gangue and minerals. In
summary, the microwave pulsed heating treatment of ore has a better grinding aid effect and lower energy
consumption than the microwave continuous heating treatment.

Key words: microwave-assisted grinding; magnetite; pulsed heating; continuous heating; grinding effect
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