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Research on ultrasonic synergistic polymer flocculation to enhance
magnetic separation and recovery of mirrorite tailings

CHENG Yihuan', YANG Lei’, WANG Litao’, WANG Dengkui’, WANG Yonggang’,

XIONG Chenwu', SUN Junyi', ZHOU Wenbo'
(1. School of Resources and Environmental Engineering, Wuhan University of Science and Technology , Wuhan 430081,
Hubei, China; 2. Gansu Jiugang Group, Jiayuguan 735100, Gansu, China)

Abstract: In order to improve the recovery efficiency of iron minerals in specularite tailings,a new process of ultrasonic
pretreatment combined with polymer flocculation and magnetic separation is proposed. The effects of ultrasonic dispersion
treatment time and the dosage of polyacrylamide ( PAM) , pregelatinized potato starch ( PPS) and pregelatinized cassava
starch ( PCS) on the sorting index of specularite tailings are discussed. Combined with metallographic microscopy
observation and infrared spectroscopy ( FTIR) analysis, the mechanism of the agent-mineral interface is revealed. The
results show that all three flocculants could effectively improve the recovery of specularite tailings, and PPS has the best
effect. Under the best test conditions ( ultrasonic dispersion treatment for 30 s, PPS dosage of 10 g/t, slurry pH =10.0,
magnetic field strength of 0.5 T) , magnetic separation concentrate with iron grade of 42.53% and recovery rate of
63.10% can be obtained, and the iron recovery rate is increased by 10. 66% compared with the conventional high-gradient
magnetic separation process. Mechanistic studies show that PPS and PCS are mainly chemisonded with the surface of
pyroxene through hydroxyl and carboxyl functional groups to form stable complexes. However, the selectivity between PAM

and eperolite is mainly through the chemical coordination and physical crosslinking between amide groups and Fe’* , and
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its selectivity for fine—grained iron minerals is lower than that of starch flocculants.

Key words: fine-grained specularite; ultrasonic dispersion; selective flocculation; high gradient strong magnetic

separation; FTIR

UEAEd, S BRD UR R H 25 AR, T
At ST TR AT R B 0 ) 53 28043 L B A T 5 4538k 4
R BIk A E S R T IR, L
AR R L FREAR A LRI R BN
FEE AR R e 1 B P 5 & A AR SRR PR B
B 35 MBI e 2 S 1) B, i ORE Tk B
% i “XUIE 7 R . FERG R R, Ok
T 52 1 6 77 =5 5 52 ORI FEE RV 1% 370 5 58 114 5 6
R S 13 FORE 3 BB/, A P E S50
R BURE b 60 8 0 2R A R R AT
MRGESCRAT T o B, T LAE ) 5 S R
3£ sl 1R ORI, 3 e 42 25 TR ATV B 0 1 T i 6
(ELJE X T — O R BE A A0 (0T, A 3 v 37 o
B, FLRE AR T RN LA R A ) 5 7 A
TIRKE BT, SRR A

BTSN PR AR R AR Yy T A A
TR, A THEE R TR S 3k
THG S A PP B, T S B R UKL 14 5 1 T 3R
RGO F LR, M4 25 G 8 43156 5 2 o
RRCR ST AR S g A SR TN R I 4
T4 b ) A A PR 4 T — e R B SR T4
Wi - HPM, S2Bh SR20] HPM X Ak 8k EL A ik
PRV SRR VR, FLAE 7R B 2 T 77 16 0 L I
T 420 G R B T A 0 TG S R A O B
TRl IR B Bt ) SRR TR 42,
DASEIE T K M Sy SRR, ek A T A R
PET L, AT NN 46.70% , B R Ky
72. 66% MRS, 5 R BL AT L, Bk mllioR
THET 7.59 AT 4o L EEN IR T EoK
VERS IO B A I LA B R S = R
7] 22 ) o 4 3 L Bl 200 2k 1 28— B 8 4 11
SO, RIS AL RN ZG AR FE SO K S R
HAT I i s BV RO, 5% RG24
. BEERST R IICR R T 3. 67 N 4. L
EBRFRSE R F I, A S A TSR T LA R
8 MRRL S 0 9 43 PR ORI IR, SR TR TR
KA R4 T SRR R A T4540 B RE M 2k

Ferp e S 55 22 5, R CARLET ) 2R I T AN (] Y
SRBERCR . NI, ZREEF A 1L HE b H 5 W) JkL
)V FATLER A BIF S R S o

ARSCUIBLERE AT W FEXT 4, 4545 A
S REESRB R, BRIT TR B BAL
AR [A) B SR P LR ( PAM) TS0 2 % 25 3
(PPS) . FUBI LA TEAD( PCS) A X BEEk0™
OYUEARPR AR o Gl i A BB MR Bk S
Ep (VNP =2 S S BURA )\ oyt Al
ST IR E BRI AR AL, RGUER T AR SR
F 5 BT FI A7 D Z ] A VR HIBLEE .

iSRRG &

L1 iR
L1 XA R
5T T FH ARRE B 0 W R kT R R
R 2t IK T A A AL PR W %R T e U
FEAFE IR 1 R,
1 RAEFEFEUERD(RESFH)

Table 1 Main chemical compositions of the sample %

TFe S0, ALO, BaO MgO
2.95 0. 80 1.03 0.78 0.07
Ca0 MnO K,O S P
27.82 31.49 6. 18 4.48 3.87

Hi 1 AT, alRE w( TFe) o 27.82% , Jik
ABOTBRIESR, b w( Si0,) feF, H31.49% o
AR, 250 B F R e ™ F 4 e el sk B T %
B, Horh ke 2l Yy w( TFe) 24 67.55% ,
A PEALH YIY w( Si0,) K 98.75% -

1.1.2 XA F 4,

Rt T R T AR, A R R
AT T X PFEATT G534 LA SR AR 53 A, o i 4
RaHILE 1 55 2.

SEBUN S EGIRDE 3 i v s S S N R S /R TR 7/ b
B MR LA NS, kAT LA el
F, HEabk. ERAATHASE. SSEER2M
BT LLULI, e e R R 8w 5 Tk



2025 4755 5 1

P SO, A5 S PPN R] i 201 SR SR AL Bk A o IS 5 87

Wrh, RN 64.42% ; MR RIZEERT IR Z,
INAR RSy 19, 66% F 13.23% 5 /DA T
AR B DA S .

I—AYE; 2—5ekl; 3—BEk; 4—358k0;
S5—xbl; 6—&E& A T RA.
1 X% XRD Eif
Fig. 1 XRD patterns of the sample
1.1.3 XA £ %5 4 A 454
R TR T AT W AT OC &R DL RGE AR
B, SRR SOE B X R AT A, g R
W 2 frs e

(a) BEERE A TEEBRA L]; (b) MR FATRIZE 14

®2 HAHESKMESITER(RESE)

Table 2  Results of iron phase analysis of the sample %
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Fig.2 Main mineral distribution characteristics of the sample
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Table 3 Results of particle size analysis of the sample

. >45 (38.,45] (15,38] [0,15]

mm mm mm mm

EHRESE) /% 2.35 3.32 5.83  88.50
B f L/ % 8.88 7.96  5.92  27.01
SEMIFEI% 075 0.95  1.24  97.06

M3 ara, Aok EEFE (0,15 ] mm {5 R
TN B 5 5 ik 88.50% ,  HAH W 7E 4k 2450
FINEAE SN EEREE, H9[0,15] mm kg
TR A AR T 97. 06% o
1.1.5 35T EBRANERGEHE

AR b B P R IR (1 000 5 43+ 1)
S I — 5. BORIAGIE A v T A5 O
FEMEBTHEE O 50 1(0. 1 g2 0.02 g) FY H R IR FI0R
fL¥ERy F1 NaOH B THeprrf, JinA 100 mL £ 2+
7K, FE90 °C 200 r/min i 5514 FE IE/K I 30 min,
HERKEEFBEVLR, B8R N 0. 1% (17
WAL VE RV -
1.2 REAE
.21 BE—iRmikiXik

TFF 5% R B P I i e X S 2R A 5 A B A
WAL Ry 33% 5 ffi F B =X sl i 2
PEATHERE, %N NaOH J%£ 4% pH {4 10. 05 Fifi
o, AR B, T Bk AR i
BR300 r/min, AJEEPEEE 3 min. 58 AL 2R HE AL R
Jei o B T 99 K s A R W S AL A R T &
170 ¥k /min. HE/KE N 50 mL/s. Gk 51500
0.5 T, LIFSUE S8 Ui MK 7 I 3k ARG e bl v 2t
Tt ZE—mpgik i Al 3 s
1.2.2  Bisk s BA R E )G 09 ML LR

RHIRG G R M S Al ) R EE TS T

B3 ZESREERERE
Fig. 3 Flow chart of flocculation-high intensity
magnetic separation test
WIESR IS A, 156 1 e R FH 28 i 4 70 51 Jhe b
R 28 BB AL PR Y SRR B RN 220 2R BEAL FRUS 1Y
LN S P <E = S O = e o (T
KB T E T 40 CTERARR T RJa i am T
TR I EECR B R GE, XTHE R TBURE 5 24 771
VERTHT IS BT S TS S X L 23 Ar
1.2.3  4rshkigatr
Fe il A1) <S5 pm AYBEERET FIA S 4 )
TR, IAGE R 25 B 1K Y ) Y K
VR, VATV pH B R 10,0, A 257 )5 Sk
3 min, BETE. TUEERE, il B gt
ey, IR pH E R Z=BR Ve P
W, BEAE T 40 CRA TP BAR
PR 2T A G5 SO B A i A 2L AP 3

2 HEERSHE

2.1 EBFEEIK ST ELALIE R iE) Y 20

S LA PPS O ZRBES, 7EHIEE N 10 g/t Y45
T, BRI TR o BAL BN R X ek R AT
SIEFRPRIVEE I, S5 RN 4 TR

IR gk A, 2— BRI
B4 BEKSSHOEREERY B SR ERH R0
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Fig. 5 Effect of flocculant dosage on separation indices of specularite tailings
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Fig. 6 Microscopic morphology changes after the interaction of reagents with specularite tailings and quartz
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