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Study on Mineral Occurrence Regularity and Feasibility of Centrifugal Waste Discarding for a Coastal Sedimentary Zircon Placer
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Abstract: To address the mining and separation difficulties of a low-grade zircon-hafnium placer in a coastal shallow sea of
Hainan, a systematic process mineralogy study was conducted using analytical techniques such as X-ray diffraction, mineral
liberation analyzer ( MLLA), and scanning electron microscopy-energy dispersive spectroscopy (SEM-EDS). The chemical
composition of the ore, mineral composition, dissemination size of valuable minerals, and mineral occurrence characteristics
were clarified. Furthermore, a feasibility study on pre-screening and centrifugal tailing discarding was carried out using a self-
made LX-60 vertical cyclone centrifuge. The results indicate that the ZrQ, grade of the raw ore is only 0.105 0% , the valuable
mineral zircon accounts for only 0.14 % , and the content of light gangues such as quartz and feldspar is up to 86.60%. 75% of
zircons are monomer with particle size of 0.04 —0.20 mm, showing a significant specific density difference from the gangues,
which is suitable for gravity separation waste discarding. 25% of zircons contain quartz, feldspar, and ilmenite inclusions with
particle sizes less than 0.05 mm. This part of fine inclusions is easy to cause metal loss. The dissemination size of ilmenite is
coarser than that of zircon, and it is synchronously enriched during gravity separation. After pre-screening out the +0.15 mm
coarse material, the undersize material undergoes one-stage roughing under the conditions of a centrifugal force of 80g, a
backwash water flow rate of 4 L./min, and a feeding amount of 80 g, yielding a pre-selected rough concentrate with a ZrO,

grade of 0.483 6% and an operation recovery of 95.50%. The total zirconium recovery of the combined screening-centrifugation

* YR HEH:2026-03-23
HE2W B . FH E R R KL (20252D1009000,2025ZD1009004)
EZ B S (1994—) B Bepg 22 e A 4, TR, 3222 5 SR e A 8 7= 5% U = 804 P 5% . E-mail: Ipy_7817285@163.com



FRME,F LK

LR R B B WK A LA BB S Y B T AT AT R[] ). AR R 5 K ,2026,46(9). 293

process reaches 93.37% , and the total loss rate to the raw ore is only 6.63%. This process achieves the efficient discarding of

massive light gangues and the pre-concentration of zircon minerals, demonstrates potential applicability for offshore in-situ pre-

selection tailing discarding, and can provide technical support for the pre-selection tailing discarding of similar extremely low-

grade zircon placers.

Key words: Coastal placer, Process mineralogy, Dissemination particle size. Zircon, Centrifugal waste discarding
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Table 1 Analysis results of main chemical

composition of raw ore %

ZrO, HIO, SiO; AlOs; CaO K20 TFe Na,O

0.105 0 0.002 0 83.30 3.69 2.66 1.80 1.35 0.81

TiO,  MgO S P As MnO F hekE
0.62  0.50  0.046 0.041 <C0.001 0.027 0.024  2.94
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Fig.1 XRD patterns of raw ore
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Fig.2 MLA mineral composition and occurrence state of raw ore
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Table 2 Mineral composition and content of raw ore %

B CES EN/R W A MR AT LA A LR e]

0.14 0.55 0.53 0.20 0.04 0.01 0.36 69.06 10.07
A S A J5 i SR Hz B 3 A N A Bnty BRER A ke

6.26 1.21 3.75 2.74 1.56 0.64 0.41 0.62 0.28
BRINA BN o I A Mo A # A WK AT FAN ) A8 HAbw

0.09 0.02 0.02 0.02 0.02 0.02 0.03 0.89 0.46
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Table 3 Energy spectrum micro-area composition analysis of zircon %
P SiO, ZrOy HIO, Y203 Al; O3 CaO Fe; Oy TiO; &it
1 31.76 62.96 2.69 2.59 0.00 0.00 0.00 0.00 100.00
2 32.21 63.40 2.21 2.18 0.00 0.00 0.00 0.00 100.00
3 29.67 60.47 2.51 4.15 0.83 0.88 1.49 0.00 100.00
4 31.94 63.41 2.31 2.34 0.00 0.00 0.00 0.00 100.00
5 34.28 60.75 2.31 2.66 0.00 0.00 0.00 0.00 100.00
6 32.05 63.75 1.94 2.26 0.00 0.00 0.00 0.00 100.00
7 31.96 63.64 2.05 2.35 0.00 0.00 0.00 0.00 100.00
8 31.86 63.09 2.83 2.22 0.00 0.00 0.00 0.00 100.00
9 31.66 63.19 2.45 2.70 0.00 0.00 0.00 0.00 100.00
10 31.11 62.80 1.97 2.27 0.00 0.00 1.00 0.85 100.00
11 31.66 64.10 2.15 2.09 0.00 0.00 0.00 0.00 100.00
12 31.67 63.63 2.42 2.28 0.00 0.00 0.00 0.00 100.00
S 31.82 62.93 2.32 2.51 0.07 0.07 0.21 0.07 100.00
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Table 4 Energy spectrum micro-area composition

analysis of ilmenite %

Fe SiO2 TiO: MnO FeO MgO it

1 0.47 50.40 1.19 47.94 0.00 100.00
2 0.23 53.06 2.55 44.16 0.00 100.00
3 0.23 51.21 3.66 44.90 0.00 100.00
4 0.29 52.42 2.39 44.90 0.00 100.00
5 0.24 50.83 1.19 47.74 0.00 100.00
6 0.25 52.41 2.32 45.02 0.00 100.00
7 0.25 52.49 2.63 44.63 0.00 100.00
8 0.40 53.96 2.13 43.51 0.00 100.00
9 0.21 49.29 3.10 47.40 0.00 100.00
10 0.29 52.16 1.39 46.16 0.00 100.00
11 0.27 50.33 1.94 47.46 0.00 100.00
12 0.25 52.61 0.85 46.29 0.00 100.00
13 0.23 51.55 2.23 45.99 0.00 100.00
14 0.27 51.64 4.06 43.73 0.30 100.00
15 0.23 49.21 3.25 47.31 0.00 100.00
16 0.00 63.43 0.00 36.57 0.00 100.00
17 0.30 52.03 1.35 45.65 0.67 100.00
18 0.25 52.61 2.60 44.17 0.37 100.00

19 0.25 52.27 2.72 44.76 0.00 100.00

EHE 0.26 52.31 2.19 45.17 0.07 100.00
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Fig.6 Embedded characteristics of quartz

analysis of rutile %
F5  TiO: FeO Al; Os SiO; Cl ait
1 97.55 1.22 0.40 0.83 0.00  100.00
2 94.64 4.51 0.00 0.62 0.23  100.00
3 96.44 2.41 0.15 0.79 0.21  100.00
4 96.58 2.53 0.00 0.89 0.00  100.00
5 97.59 1.78 0.00 0.45 0.18  100.00
6 96.77 2.37 0.00 0.86 0.00  100.00
7 95.72 3.63 0.24 0.41 0.00  100.00
8 96.02 3.51 0.00 0.32 0.15  100.00
FHIE 96.41 2.74 0.10 0.65 0.10  100.00
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Fig.7 Embedded characteristics of feldspar
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Fig.8 Dissemination particle size characteristics of

valuable minerals
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Fig.9 Working principle of cyclone centrifuge and

test process of pre-concentration and waste discarding
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Fig.10 Particle size distribution of placer and distribution

rate of ZrQO, in different particle size
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Fig.11 Influence of particle size on

centrifugal waste discarding
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Fig.12 Influence of feed mass on centrifugal waste discarding
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Fig.13 Influence of centrifugal force on

centrifugal waste discarding

F & 13 AT .0 S 60g T & 80g L A
W ZrO, i 0.474 1% 3 THE 0.486 3% . #51E
WA 93.09% FTFZE 95.86 %, i — A B4 e .0
T35 VMl I o 3 48 T R A B, L AR PN e e 1
0 1 (140g) 2305 A1 9 A A7 S5 AR B Ik A TR, 3 11
B ARBEEEZ T ZrO, 500 K IE K2
0.36 Y0 Z2 A » [ B B i 1) B 0 ) 45 i IR 45 B A6 n
Jal L B AR AR . FE B0 J1oh 80g B AT FE 43k
KRBT 5 Wk 52 7126 5 2B 50 B2 v J2 L e
TR AL S AR IR . SR ST ik 4R
b o B 8 AR50 38 BB O 1o 80g
3.5 RMEAKEXNBOHMERROZMW

2wk K AT DL o e A RS 2 B BB
B IS KA R KA W) A R
Ao 77 [ 45 B 26 T8 & SR HE N BE SO BT . TES T
80 g B0 1 80g ARAFTR L WESE TS b Bk K i XS
—0.15 mm B> B Ml & W0 05 w25 R E 14
Fi7R .

0.75 7r0, Eh i 100
Eoll W 2
0.60 b
- S
< L B
| 0.45 =
g 190 =
3030+ =
2 0.30 &
185
0.15
000 1 1 1 1 1
3 4 5 6 8 80

K E/ (L/min )

14 i3tk E X E O E R IE
Fig.14 Influence of backwash water volume on

centrifugal waste discarding



300 g LB R S5 A

2026,46(9)

& 14 Al B Sk B K 5 ZrO,
RSS2 ok (SR AN % N N o =
WYE KR 3 L/min B, 7K i P RS8R BEORS  L E AR
A 0 2 e ) R A U Ok A X DA A AU B L Zr O,
i 24 0.394 4 %6, 5 0 T BE M 2E R0 448 2% 5 v kK
HEETHE 4 L/min B IR HO Y2 P kA 2R
TR G ZeO, AT 0.483 6%, ZrO,
Al [T Wi R 2 7E 95.50 Y0 - 45 40 & 0 2% B Ak T # iR
IR 5 24 B b Pk K i 42 B 8 L/min B, #84r H AR
W4 bt b Pk 7K R — I AR, B R [T B 2
89.89%0 . LAk 4 JE IS b , i 5 35 E R kK
H#°H 4 L/min,

G540 AR R G 5 MR S8 T Ay - B0 A
AR FE bR ULER 6. FH 2R 6 AT, O A A b SRR
% 38.23 % WML Z R, Zr O, AL 0.006 1% . 55 43 By
BBk o0 2.23% . Ui T YR A B O TIE B
DA ZrO, S L 0.011 1% , 8.0 Wy Be i 4 2 R
N AA0Y TR B R RN 6,630, TN AT
PR 20,27 % AEHT ZrO, ik 0.483 6%, &
e ZrO, BIWCR A 93.37% . MATsEm T = N &
PR L 500 TR B R R AT I S T R
LB AT FIR B 45 A R 5

x6 2mBRABRER

Table 6 Full-process test results %
7 44 T a3 ZrO; S ZrO, R
+0.15 mm HLUKL 2% 5 38.23 0.006 1 2.23
—0.15 mm .0 R A 20.27 0.483 6 93.37
—0.15 mm B0 B 41.50 0.011 1 4.40
B 100.00 0.105 0 100.00
4 Hi

(1) 350 B A 8 T AR AR b 57 15 e T 0 AR A
B 5 ZrO, AL 0.105 0%, HIO, DL
BT R 508 A T 45 A, & i 0.002 006, R H
2 B IR L S1O, 5 LR s 83.30% . WA
SRR RIR FEKAT Y AR KA, B
b3k 86.60 % . AN H WS AL S0 M1 0.14 %,
BT A MEAEET Y, A1 bt 0.89%,

(2) H B0 Yy it A7 H A 22 5 00 L 85 40 L rboan
AR 3,75 Y0 S A R RLAR 0.04~0.20 mm Y
B, 5o g KA SRR DK A T 2% S Rk EE I
I3 B A R 5 25 V0 Y LA S A R AR /N T 0.05 mm,
A B KA R R ik R A R

R EEE . BB R A A R B R TR A
i NSRS R S P A
(3) BT 200 W e Ve 5 A R 0 3wl , R
H A il LX-60 57 2UHe it 25 0 AL T R 19 0 4 23 i 6
i R B 0 8 4% A R TSE T BR + 0,15 mm MR A%
[t i N MR B 0 ) 80g B PR K B 4 L/min,
G 80 g SRR & —UCHLIE K ZrO, S AL
JE 1 0.105 0 %042 5 & 0.483 6%, & e ZrO, M
Ml A3k 93.37 %, 1% T 25 AT e R0 B K o 4% BT ik
A7 FREEKE B AL 5 4 I8 R, B b AL T
VeIl I B AR IS M i S T e i S5 S 4 3
TG 5 UE B AT AR E 1 L VI B R A0 SR Pk
IR T8 Wy 2 Al 5 HR S
2 % L HK (References) :
(1] SREESC, EWEARB3CH , S B 85 0 58 I8 1 & A TR 34 4
BT 5 7= 4 5 #2019, 39(5) : 106-110.
Zhang Jianwen, Wang Haidong, Gong Wenyong, et al.
Analysis on development and utilization situation of
zirconium resources in China [ J ]. Conservation and
Utilization of Mineral Resources,2019,39(5):106-110.
(2] MGl EAE, WOl 5 P E ST R BRAE 0 R X
SR R H e  [ ]. o [E  5, 2024,51(6) :1930-1945,
Yin Chuankai, Wang Chunlian, You Chao, et al. Zircon
resource characteristics, deposit types, key applications and
prospecting prospects in China[ J]. Geology in China, 2024,
51(6):1930-1945.
[3] kg Hi. AN i 0 B bR s 2 m W i - i e T S L0 ] A7
6,4 Ji (R 43 2023(2) 1 110-115+160.
Zhang Yiwei. Experimental study on high efficiency recovery
of zirconium and titanium from a coastal placer abroad[]].
Nonferrous Metals (Mineral Processing Section) ,2023(2) :
110-115+160.
(4]  BEASE, TAAR A0, 5 0 i B0 i 3 20 A 0 1 8 R B0
W1 = A, 2011, 2(4) 1 428-433.
Fan Jingliang, Ding Cungen, Shen Huaguang. et al. The
washing times of the coastal placer deposit samples [ ] ].
Mineral Exploration,2011,2(4) :428-433.
[5] #Rflife, B R H 55, % N E A R RO L84 Bk
BRI ] 255 FIT . 2025, 46(5) :126-134,
Shao Weihua, Lyu Liang, Chang Xueyong, et al.
Experiment on the comprehensive recovery of zirconium and
titanium from seaside quartz sand tailings[ ]J]. Multipurpose
Utilization of Mineral Resources,2025,46(5) :126-134.
[6]  BRAX WA B, S E SN IR0 255 Wi 56
W [T 494K, 2022, 43(3) :91-97.
Liang Taomao, Yang Zhaojun, Zhong Senlin, et al
Experimental study on comprehensive recovery of a beach

placer ore abroad[ ] ]. Iron Steel Vanadium Titanium, 2022,

43(3):91-97.



FREL,F ERERRALDT T KA LERLBSPETITRARI] A LHFRS K ,2026,46(9), 301

(7]

(8]

9]

[10]

[11]

[12]

SR RE P AT, A5 5 5 L vl LA I 2 4 BR
WO KSR BT S L) ] A G R B3R 3) . 2024(1) - 77-88.
Peng Cheng, Lai Zhiqing, Zhou Huiwen, et al.
Experimental study on beneficiation of coastal zirconium
titanium ore from Nampula Province. Mozambique [ ] ].
Nonferrous Metals (Mineral Processing Section) ;2024 (1)
77-88.

ThEL4R Bk A, GR UL R TR R R TR IR B T VB I D o A
FSE L] WA L4 )8 . 2020, 36(1) 1 18-22.

Ma Chongzhen, Zhang Hua, Liang Han. Current situation
of spiral chutes and its application in beach placer[]J]. Hunan
Nonferrous Metals,2020,36(1) :18-22.

PG E R, EIRE, G5 R KR R 0k 0 K 56 B 5
()] % . 2023(2) : 32-37.

Peng Shaowei, Wang Qian, Wang Zhaolian, et al.
Experimental study on beneficiation of a coastal placer in
Egypt[]]. Ceramics,2023(2) :32-37.

B BB TT, sk S, AR B IR B T ik 0 56 BF 5
(1.8 A TR, 2025.45(1) :57-60.

Zhang Jianwen, et al.

Liao Qian, Zhang Shengguang,

Experimental research on beneficiation technology of
chrome-bearing beach placer[J]. Mining and Metallurgical
Engineering,2025,45(1) :57-60.

R AR R BOAE AR T 0B B A S D T B A S 56 TF O
L1044 5 . 2023,43(4) : 73-80.

Zhou Yinchun, Peng Cheng, Huang Rong, et al
Experimental study on purification of a quartz placer in
Wenchang of Hainan[]J]. Conservation and Utilization of
Mineral Resources,2023,43(4) :73-80.

HOKFE Xz T RS A AR A S T B 2% R R R

WFFE[T]. N2l B K 25244, 2022, 41(1) 1 22-26.

[13]

[14]

[16]

[17]

Cao Yongdan, Liu Yunlong, Deng Zhongcheng, et al.
Experimental study on impurity removal and quality improvement
for a low grade zirconite ore[ J]. Journal of Inner Mongolia
University of Science and Technology »2022,41(1) :22-26.

XIHE B, A SR S0 2 R T I A 43 8 R U8 e sk
RAT )] 54 m . 2019(7) : 17-24,

Liu Peikun., Wang Hui. Zhang Yuekan. et al. Experimental
study on separation performance of red mud by parabolic
cyclone[ J]. Light Metals,2019(7) :17-24

S N L A5 B A U R T 43 3k R AE Y 52
WA 52 [0 M 98 55 HF % . 2025, 45(3) :261-270.

Peng Di., Yang Mingyue, Liu Zhongbin, et al. Influence of
stacked step flow on the separation characteristics of copper mine
[JJ]. Mining Research and Development,2025,45(3) :261-270.
Mg, £ AT 4 L T EDEM-FLUENT #8419 B0 It
AL E AL BT LT =25 5 R L 2021(2) - 174-179+ 140.
He Jianrong, Wang Jinming, Yu Xia, et al. Simulation and
optimization analysis of centrifugal concentrator based on
EDEM-FLUENT coupling[ J]. Multipurpose Utilization of
Mineral Resources,2021(2):174-179+140.
BRI T XU AR AR O T LR A S O AR
W52 LT B A R, 2018, 24(2) : 65-72.

Zong Lu, Cai Gaipin, Liu Zhigang, et al. Analysis of
influence of operation parameters of centrifugal concentrator
on dressing effect [ J ]. China
Technology,2018,24(2) :65-72.
XA o W Ak L 2 AE L 45 SL B0 WL AR By R[] ].
440k, 2023,38(4) :33-40+70.

Powder Science and

Liu Xiaogian, Chen Luzheng, Peng Zheng, et al. The
industrialization progress of SL centrifugal separation technology

[J]. China Tungsten Industry,2023,38(4):33-40-+70.



