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Numerical Analysis of High Gradient Magnetic Separation on the Rough
Concentrate of Tantalum - niobium

YUAN Mei, PENG Huiging, WU Di, LEI Yun
(School of Resources and Environmental Engineering, Wuhan University of Technology, Wuhan
430070, China)

Abstract ; This paper studied the separation of Tantalum & Niobium from the rough concentrate of a
rich hafnium zirconium ore by HGMS( High Gradient Magnetic Separation). The magnetic field of
HGMS was divided into hexagonal cells and the saparatoion was analyzed by “instantaneous snap-
shot” method . Two groups of eccentric ellipse are used to approximate the trapping regions of dif-
ferent particles in each unit, and the yield, recovery and grade of Tantalum — Niobium concentrate
are determined by solving the critical value of eccentric ellipse on the x —axis. The comparison be-
tween numerical results and practical experiments indicated that; the numerical method basically re-
veals the capture law of high gradient magnetic separation. It may improve the separation efficiency
although the range and time of real experiments are decreased ,which may play a guiding role on the
high gradient magnetic separation of tantalum — niobium ore and other weakly magnetic minerals.
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Table 2 Multi — element analysis results of run — of — mine ore
5CZ 710, Nb,0, Sn0, HIO, Ta,0, ALO, Fe,0,
/% 45.62  3.13  0.97 3.86 0.41 7.62 3.31
5% Y,0, Yb,0, U,0, T0, NLO, KO0 S0,
w@/% 0.62 0.69 0.41 0.44 0.21 1.13 30.23
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Table 3  Physical parameters of magnetic minerals

o Hife tﬁﬁﬁft%/fl W%‘TF;E/ .
/mm (107"m” - kg™ ) (10°kg - m™)
PREEHT 0.03~0.2  36.41 ~39.71 5.3~6.6
RERET 0.05~0.25 224.56 ~1 173.33 4.72
BT 0.05~0.2  18.91 ~30.91 5.0~5.3
WEE 0.05~0.2 32 ~36.52 3~4
A4 0.1~0.4 31 ~159 3.5~4.2
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Table 4 Results of high gradient magnetic separation
on the run — of — mine ore

Bk E . 0 WA L AR & B OXRF 20K /T " /% /%
AN 3 y GIESBULE 1 ~ £ 3, 9 VLR 1.15 7.65 2.77
IIATEER  E R R SRR 1 ~ 3R 0 R o885 o o 23
1 TENTNARERE SR T oo
Table 1 Mineral composition and relative amount of raw ore s e 5..28 22'. 76 39: 02
WA PR R R Wk PREkET Rk B O ' B 94.72 1.98 60.98
S8/ % 0.5 0.5 0.5 1.5 - 45 0.6 L:tn 7.16 21.67 49.73
TOAS G KA GRTE AZE BNG IRG e 92.84 L.69 50.27
P 20 5 10 5 | | 1.0 rE 12.62 17.68 70. 83
AR Y 87.38 1.05 29.17
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Fig.1 Sketch mao of magnetic traction force in HGMS
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Fig.2 Ellipses fit about the magnetic traction force

MLAHEIR A 2a <R I, i hi3as R
PEL
or

B (3)

PR WA AR, L P AT TRES T 1 L4
RN, m 5« 53500 78I RAU G W R 45 o Bl
FR5E e B X

BAAKX(T) ~ (3) LRG| REFRAT A AL
A XS R 1 B A AT

3 HYEHLRY R Bh BRI B e P

3.1 #EBAZ oM

e kS A R REVERORLAE S & 135 32 i
T OLHEAT M TR ORI R R VF 2T, kL
HE B 3R IR A BORL Bl ) 22 BEAT AL PR A
R FBBE A 56 42 PR 25 14 5t R ORI LA 2
FARF— e — BRI

AAKIG A1 0 bR A1 A S, R AR B/ HoKE

F(x) =




1

T, 55 R RURE ™ A BE R B X e M - 51 -

JE A L 7, m] ALy 24950 1 BEARUBURE (BT AL
200, 1 mm) , ATRAVRAEBN 0.2 mm, 20 HORL
FAAERTRAR B RE I , 25 58 C FA 7 BUBORL i iz 3
PRI A s Bl 252 B ) E ) AR
LILEAF I 50

Horh B AR R

.4
F,=m-f, =?7Tpd,3)ﬂvoonogdeo (4)

TERBBEERE e v, B RN 2] 32 2y, AR A U
PRGETR S 5 R B TR L R
ARSI Z AT T BORF- EoRiAE R 0.1 mm, TR IAEL
Rep e (1.3,20) , UKL 32 Ji (44 B, ) K/ T
JEE X B3 B A A 3

F,=1.257 /ndv'p, (5)
Ximop.d, xy 53R R VBT HAR | LR
WERE G IR T 2 Hy HERY58n A
W IKFHEL o, NEMEEE S f, WY I 50 R URLAH
XK I IZ B

WURLAR X AR (1932 2l 32 2432 0 1 T O 2
ey, 5 DI A LT O, i TG 0 B3R
FAURE J570% , R ) R S 1 2 AT 355 st P s 3k 38 T LA
FHMIA EREE R . B AS, I As 5 5 B
Y171 B A2 A, W 3 B2 A8 Ak Av O

Av= 24T, < As (6)

WURLTE 52 briz gl ik R v 52 3 8 5 AT B ) 45

HoA I3 Ve RT, 503 1 Fm AR R A AE s R 2%

3.2 BAITHAIATAMIHH & X IE 5
TE = BB BERE R R vy, W0 KL 5 AR R PR R
Oy B EERARME IR T35 ) o WENERURL )
R FERR T W35 01 SRR 2208 e — 355 11y
il o Y W 2E /N TSR ) EE 0 e e 25
B o, WURLAN REBA 46 ot T e e s
(IR P ey e B o G e B 3 = S O & 4
K Bk PR R SRR R L 1o B AT T, BDRE
W HKIB N NFRAS . Bk X KGNV,
NV A(S)
v=V,-V, (7)
EE I R N RS e R NN eSS G Tl il =R
Laplace J5 /%, 3% it £k R 37 58 i 2 A Sty &2 —
2, UKL 52 Ui 1A i 9, 0y 32 28y i R AR A g 1
ST A X ERORAE AN R AT 2 B ARG
GifE 1 0 B AR 4 5 g (et v, 905 1P AT T Y

B, 1V, 5 XCROPAT) | RERS I E SR 1P 7E X
9 A AR (B I SHED

MRy 1T i, BOCH# S R X
LIRS N A RN e b SN S IO A I e
ORI A BRI, T M W T T IE

4 4
—-—Fd
g o Fm
3 \\ 43
& |
< ,
oy \ z.
~, 2 \ 255
= \ =
- \ =
R \ S
B 1 1 -
= L
o e
1 L L
1] 1 2 3 4
x/mm

3 Xy EEBEBMARGKT ZHLK(B=1T)
Fig.3  Comparison of force acted on single particles
of Niobite along X — axis
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Fig.4 Critical values of the capture area(X — axis)
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Fig.5 Comparisons on the recovery and grade of oncentrate
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Fig.6 A comparison on the yield of concentrate
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