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ABSTRACT Phosphate ore is an important non-metallic mineral resource used widely in agriculture, the chemical industry, medicine,
national defense, and other fields, and magnesium removal is essential for its efficient utilization. Magnesium removal from coarse
phosphate ore has the advantages of lower energy consumption and subsequent flotation pressure, but the current flotation-based
magnesium removal methods still focus mainly on fine particle sizes. This is because good monomer dissociation of useful minerals is
the premise for mineral sorting. On the other hand, the characteristics of traditional flotation machines limit the particle size of the feed,
but high energy consumption due to grinding and deterioration of flotation from over-grinding have become important problems in
mineral processing. With the development of fluidized flotation technology, fluidized bed flotation has attracted attention as a coarse-

particle flotation technology. Compared with mechanical flotation cells, it is associated with lower turbulence and can significantly
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increase the upper limit of flotation particle size. In this study, the effect of fluidized bed flotation (FBF) on reverse flotation for
magnesium removal from coarse phosphate rock was investigated by combining the separation test and scanning electron
microscopy—energy dispersive spectroscopy (SEM-EDS) analysis to the underflow (-300+74 um, P,Os5 grade 27.20%, MgO grade
3.81%) from the mill of a phosphate concentrator in Yunnan Province. The collector dosage significantly affected the yield and grade of
the product within a certain range in the process of FBF reverse flotation. Considering the agent dosage, product quality, and recovery
rate, when the collector dosage was 500 g-t™', the magnesium removal effect was better, with concentrate yield of 43.63%, concentrate
MgO grade of 1.68%, P,Os grade of 31.72%, and MgO removal rate of 80.41%. SEM—EDS analysis further showed that FBF had a good
effect on magnesium removal from coarse-particle phosphate ore. The MgO grade in FBF concentrate did not continue to decrease with
collector dosage change due to the low degree of magnesium dissociation in the concentrate. The influence of phosphate rock particle
size on the separation effect of FBF was as follows: the —250+125 um fraction exhibited the best separation effect, with a better MgO
removal rate and lower P,O;s loss; however, the —300+250 pm and —125+74 pm fractions had a poor separation effect. This was because
the —300+250 pum coarse fraction was difficult to select, and the gangue removal rate was low, whereas the —125+74 um fraction was
greatly affected by the water flow, and the P,O5 loss was too high. Based on the test results, a new process of FBF pre-separation of
coarse concentrate and FBF tailing re-grinding and re-separation was proposed. The MgO grade and P,Os recovery of coarse concentrate
could be adjusted based on feed particle size, with coarse concentrate and flotation machine concentrate blended into the final
concentrate. This process could facilitate the pre-separation of 43.63% coarse concentrate from the underflow, which has the advantages

of reducing energy consumption and reducing the pressure of subsequent flotation and dewatering. This study provides technical

evidence in support for flotation-based magnesium removal from coarse-particle phosphate ore.

KEY WORDS coarse phosphate rock; magnesium removal; fluidized bed flotation; reverse flotation; process
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Fig.1 XRD pattern of raw ore

JE AR 3 2 I 5 43 AT AN 2 s, Arba]
DL HE S H-300+250 um F1-125+74 pm K 2% 5
FL %30T, 7E 23% ~ 27% 3 [ P, —250+125 pm Hi 2%
M A2, o 49.44%. PLOs i o7 Fifi 25 b 2 [ ARG 1T 1
K, 7E-300+250 pm. —250+125 pm, —125+74 ym =
AKE G 43 B N 24.37% . 27.18%. 30.43%, 4= K
P05 fili i 4 27.20%; 5 P,O5 #H %2, MgO # 17 fifi %
LS B IR T B IR, —3004250 pm, —250+125 pm,
—125+74 pm = A0 GH) MgO i 3 43 51 A 4.85% .

TR 56 T A A DA e T i 3t ) i 7 7R 288 s 7
P25 50, FEMRE &1, 25 R I O = A M
P AT WS R R 9 ) S R PR A0 o 5 A R (o
Brét).

2 AR

AL BRI i 0
1 2 g [ 4 4 19 AL PR T 1 (FBF) i 50 R
G, V% A G R T B MRS | LR IR

21



- 1582 -

TRERLF2E, 26 47 5, 5 8

B R G RAS L SC B KRR 4L )
AL 2P0 FEAT M 2K 5 i B IR g AN AL IR VR R A
TE ST =M A PR BT o R SE T o B, T
1A% A F TR I R 2 1R 7 28 Ak DA i HE R, 7K
B KRR e BV F TR R G B AL SO W A 2
B, BLUR T AR R AR rh i G i 7K 28 MRS
95 ANTACIR TR, T8 B TE KL, LTS IR [B1 K
FE SEIR R K AE B, A8 AR o ACKS i 5, I 4R
R, 3847 5 min ffl RGEFE, BEFEAR T IR T A vk
FEFERITE 30%, TERCHEAR T S I AR5, 3584 3 min
Je FA AR USR], 3 min J5 3 i3 55 3h 53K AT
T4 A WA PR TR, 4k B R T R A KA (L
), At 5 — A ULTE, VUIEY N B R b, BT
VA A, K S S EE B, AL R T i
FE PR BE 2 25 R AT A W HE R, R ) AR IR AR
ik ) B (B HE Rk, RS U 38 2 G I 1R U £k
PRVE TR AT G AR HE L . 5 4 i D R RS 7 i, 7K A
FIE FRE =, SR IF 1LY P,0s A MgO [ 7,
TR PR R A K A 1.0 emes™!, K
P N 0.1 emes™, &I 7] A & [ % 4 10.0 mgL ',
I S AR R A i A 3K pH Sy 5.0.

i Underflow

v
1—Mixing tank; 2—Peristaltic pump;
3—Fluidized bed flotation column; 4—Pressure sensor;
5—Venturi tube; 6—Water pump; 7—Water tank

B2 iR RgE R
Fig.2 Diagram of the fluidized bed flotation test system

A, AR R OGR A i N HRSE T FBF B9
BB o B 2OR, M AE 7 oy FE BT POs Al
MgO fitt (i Fil P,Os [ (&) Fil MgO M R 3% (mg )
PR o BERCR.

BAS T PoOs T MgO i 437 35 Ak 3 15 3]
FEE(y) R AR #

— Wi
YT Wi w,
Horr, iR 5, RO SR Wk A

We R W a3 5 kG 0 L it AR T it

ANEHE P,Os F MgO i (o) BT 545 2

@j=Bjvc+0; %

Horp, jARRSEAY), 4 P,Os 8 MgO; a;. B, 6;77
SR KB 1 P,0s 38 MgO i 7 5y Al
0% Do LR ¥ D=2y A

P,Os [A1 5% (&, ) Fl MgO JBEBE % (emg) A T 20
AR #:

Bp-ve
oy = P2 Y
@p
_ Bmg Ve
Emg=1- .
mg

Horbr, B By 7390 R AE W1 PLOs Fl MgO it i 5
ap Fll amg 73 51 0 A BHE) P,Os Fl MO & 7 5 e M K
[

WK, B S DA W BE 25 B i s A
MR 43 —300+250 pm, —250+125 pm, —125+
74 um = ARG, EIE T SRR G 4 R 3R il
i AR YORE 5 P,05 Fl MgO & i . 48 B GRS 5 43
BL R (e ) TEHT 4B 2505

JEA KGR AT 2% KL P,Os AT MgO
i 35t AR B0 A5 3, FERL RGO 4> B (e )
FE R T BLE (o) B T IS 5
_ap—dp
~ Br—op
& =100% — &

Hrr, ap. pp el A IEH . KG0 FRY ThiZkL
HH P,Os iz, 3 AL IR 15 5.
2.2 SEM-EDS % #7

X} FBF AKL A5 0 MO M 2 J5 1R 21 BUEE,
K FH 5 7 S 308% (SEM, COXEM, # 1 ) 45 &
fE O OB % L (EDS) X H k47 43 #7 . SEM-EDS
SAATE AR 3 s, EE ML R Xt Hr
X G 2R FH B W SR SR A7 s 4 b B, 2 S i A
i D FE S G, P RN S BEH T AR B i ke
an, JBAGAS BIAE S E A, R RN A 38 o 2R
F BT B SR 5 90 oA B A R = A B R AE X5
2 RE 2 DAB 22 B i P 9 T 2 43 A RN L
3 IMWER
3.1 HH R A EXS FBF SR a0

4 SR (IS ) 7 ARG OIS0 a7

(& 4(a)) . A (i i) 7 % . MgO it bR 5 il P,0s5
[l iR (&1 4(b) ) Bl Al We 0] A 9 A2 AL LA, mT LA

-100%

Ec



Wi e 5 45 RURLIE ™ I A0 PR 17 28 Jod B 1o I 5 - 1583 -
D
1 1
1 1
1 = 1
1 1
1 1
1 1
: —p :
1 1
1 1
I 1
1 N 1
1 \ !
1 = 1
Sampl . . i
i reaz;}:ﬁeon Ton sputter coater Scanning electron Energy disperse !
i prep microscope spectroscopy
e e e e e e e e e e e e e e e e e e e e e e e e e e o e e o - 1
R S S R T S ST T TR R U ST S S S T
1 8 1
a) I
| I :
| =6 |
1 3 5 :
| 5 |
- =4 '
1 2 1
) =3 i
I % 1
| g2 |
| 1 :
i 0 !
i e e ! a b cde f g h i
i Number i
! Sample morphology and distribution of element '
A3 SEM-EDS 4r#ril fm i el
Fig.3 Schematic diagram of SEM—-EDS analysis
100 58 740 & 100 100
@ =175 ()
S 2 Z >
2 gt 145 T 8 8ot 80
5 ERERE- T S
— ) 5 2 RS
z ":; N2 > =<
2 60f 13 2 5 60f 60 =2
5 =] = °© g >
E 2108 3 2 g
2 st 128 £ g 40p T 40 2%
E 5.5 2 cH
= . o {25 = =
§ 20} —s— Concentrate (underflow) yield 1 g '§ g 20¢ —%— Tailing (overflow) yield 4 20
3 —o— MgO grade of concentrate (underflow) oh & —0— MgO removal rate
0 —A—.PZOS gr?de of Cf)ncentra.te (unde.rﬂow) 0 % . or 0 . . —— P,O;recovery 0
200 300 400 500 600 700 800 = 200 300 400 500 600 700 800

Dosage of collector/(g-t™)

Dosage of collector/(g-t ™)

Bl 4 REHHUGH SRS, () HE0 7 SR G 224k (b) BT 7% MgO JBBR=FI P,0s IR {k

Fig.4 Analysis findings based on the change in collector dosage: (a) variation of concentrate yield and concentrate grade; (b) variation of tailing yield,

MgO removal rate, and P,O5 recovery

F N 7E FBF Je Pk B vh, X7 T -300+74 pm 2%
PRk, USRI B A — 2 Y TR PR X 7 i 2R R
(DASEA SR TE S

1 & 4(a) AT LU i, S48 W) o 2 61 7E 400
gt Z NI, A R AR BT P05 f 7 A W] IR
Ak, RS MgO i 7 A8 AL 3 K, N 3.43% i 5]
2.73%, X 2 TN A 25N, B BT
M IE B, /E T A o 22wl g K Rk A
Ui i, R RT DAAE RS 87 7 32 A8 AL AN R 15 L T B
TG A MgO dit o7 . 1717 >4 4 W50 2 K T 400 gt
F, RG] ) 28 B PR AR TR B, K B AU F T
Hz A, AR, i 1E T R K A # i, #145

NG = YA L2, NI 7™ R TR, 5t
B ARG MgO @b AR IH 2 F R E, miks 8™ P,Os (i
DR T 1 2 A R 5 ) AN T L7 52 B 1
B AR &R 500 gt I, KB PLO5 i v %
15N 31.72%. S WO & A 500 gt I, S
P,Os i v T 4R T B, 31X 32 2L 2 th T S K At I
Th K& E AU T, IR T MgO & FRE,
B i AV TG T2 A S AR AL 1) T PR T BB 2 VS O B 1
BB, ZUEEKRNIERS Kby Y417
TE. B 4(o) 7T L i, Bl 4 0570 A o 9 18
T it 7 2 E 1Y A [R] I, MgO B R 25 W 4
P,05 a1 fir 28 522 B 34, Y il fie 5 FH = 88 1 500



- 1584 -

TR, 56 47 45, 5 8 1

gt i, MgO B bR R 8 ik #am 2. A ik, 454
JE 2 A L R R MO R, AT LS F
TEWT W TR 500 gt B, B BERCR 34T, I st

K0 725N 43.63%, K55 MgO & i A 1.68%, P,0s

WK 31.72%, MgO Wik % 80.41%.

100 pm

3.2 SEM-EDS ##r 4R

X DA e AR USRI 2 R 500 gt Y 3 46 IS i
A LA T 2 05 TR A HORE, SR 4T L 0
454 e i A OGO AT 2 b, S5 R LA S
HIE 6.

h -P -g 100 pm
B 5 HIGHTESY 500 gt BRIRRE S SEM—EDS 43T (a. b, ¢ IRIRIE", d. e, FOMIRIRIED, g, h, i KikIREH")

Fig.5 SEM-EDS analysis of test samples with a collector dosage of 500 gt (Panels a, b, and ¢ show the test raw ore; d, e, and f show the test

concentrate; g, h, and i show the test tailing)
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