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Table 1 Process mineralogy characteristics of iron tailings in China
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Table 2 Chemical composition characteristics of iron tailings in different utilization ways
JjiBeo L mcA Moo R il 5 FEIR R il et il %5 P e il 5 T il # SR
TFe 14.52 ~31.76 6.29 ~12.92 6.85~9.9
S 0.44 ~15.79 0.11 ~0.14 0.1~0.14 0.1~1.98 0.02 ~0.30
P 0.045 ~1.08 0.03 ~1.97 0.033 ~0.16 0.01 ~0.514
Ca0O 0.33 ~15.66 0.49 ~17.7 0.16 ~22.31 5.34 ~17.51 1.26 ~32.50 0.3~4.02
MgO 0.66 ~8.68 0.53~16.9 2.12~7.87 0.99~17.8 0.25 ~32.50 0.7 ~4.98
FeO 5.02~15.19 4.07 ~6.17 2.60 ~10.04 4.01 ~6.84
Al Oy 1.18 ~16.54 0.13 ~15.87 1.06 ~15.90 4.71 ~12.93 2.98 ~11.57 0.3~5.63
Sio, 18.14 ~62.72 48.95 ~60 28.51 ~77.52 24.40 ~75.31 37.3~79.1 65.4 ~84.3
K,O0 0.27 ~2.33 0.22 ~0.51 0.37 ~1.66 0.314 ~4.56 0.40 ~3.51 0.9~2.64
TiO, 0.2 ~18.47 0.095 ~0.42 0.36 ~0.55 0.42~1.23 0.09 ~7.74
Fe, 0, 15.16 ~21.84 9.29 ~27.07 5.50 ~46.17 7.37 ~44.5 3.18 ~22.08 5.00 ~13.81
S0, 0.33~7.85 0.09 ~1.61
Na, O 0.23 ~0.42 0.14 ~0.52
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Fig.1 Flowcheet of mesoporous microsphere preparation from i-
ron tailings

BTN A S ML Bk AT S AP RS O B e
B IR, 5 T A, BAT RGN AT AR S AR W B A 35 35 7K
HERTE S T30 15 K Ak B, 0 BB () R )
TR AP 5, DRk e A s R T 4 A A Lo T
AR E 1103 s 05 O 2 0 O E U
PERE RGN | I R £ 1R <5 000 T J5Ob A BE A 76 1
AR A S Y R R R AR S A AL 1 B Y
JEAARL, R BT Bk AT S AL D m BRINEL ™ &k i AT AT
o PR A 45 A A0 AL 2310 I 5 R ' e A R 24
ALk 80% LA 1 AR X HR T B R 4 A )RR I
TTHRE /N, R Bk R il 4 9 L 201 0 (9 A0F 5 3 A
ML MIELL .

2.2.5 HREW #l%& 3D ITEMK

3D FTER SRR R, & — Pz 2 R b R H
RSB R 5 = R T A B DR bR R
AR SRR IR S 5 2 RO L 7E 3D ATETH AR R
W RS i ) IE, 3D FTENAP RS B TAR R R . B
B SRR A B B T, I LAFE 3D
FTENAERL 8 AGE B0 R 23 s bR 3 i
BRI A AR, BER ) S A, T LA s K I8
T 4 KAk, LI 5 B A FTF B E T 2 25 bR £
TSR B BT B I AR SRR 3D FTED A B fr
WO 32 5 B R 4 BOPEMY LT L A BT DL R
BRI BE IR 4, 45 T8/ BB R A A b
ok, PR BE R I ST A3 AT , W 5 A 1 R v
SR, 3D FTENE SRR O A R Ak, N
WA LR FIEE IR EL K RS R ER K U8 |3 3
YR JERE LR 4 3D FTENM RN IR R AT (L
T JEA R R 2R 22 e R 5 A 4% Bl UM R 22 ) 1
SR RS TR A 15 T E— AR

3 ZRERE

[ Bk FE A A A0 1) URLARL AR | 2245 A 0 DR IE 25
TS 2% (A W) 20 0 2 250 )~ R 2 T O A R o
AR BRI . BIRE N E LR BT
PEAL M IR TT TS T R A (AR 5 IR
HFI SR 22 AR W o R P22 [T Wi 0 ST &K
BORM T Ak, — BOR A H 1 G 1k 77 e

e , HLE B A 5w T3 AR TGk 2 i JH B R 4 HE
TRCHEAT T 5k R AT FH 3 i 2 B L7 i £ 9 0
HMUAIEAR , BAE—E R B AT i ik R I S Al
KRN, R 277 A8 i # RS A% LA A
AR )AL i LB % B PR AL E AR AT 7 K R K 5
B SIS . L, I AR GBS HE ST, I A [R] 2
TR P AT 20 0 -1 2 R L7 it ) DR P 3 [ AL
T, S BUER A B R s IR B A A, vl 2 it
—HIRAW TSR IR EZT [0

SE Lk

C1] XU URG , 5k/ME. T 4 R A 1L R0 25 5 AU BUR B SR [T b
WIRZEAFI ,2020,38(3) 75 - 78.

LIU S P, ZHANG X W. Comprehensive utilization status and counter-
measures of tailings in metal mines in China[ J]. Comprehensive Utiliza-
tion of Resources in China, 2020, 38(3): 75 -78.

BTN FeE RS SR AT AR R R [T ]. B S 7, 2013
(3):40 —44.

—
NS}
[}

HUANG Y G. Utilization status and prospect of iron tailings resources in
China[ J]. Resources and Industry, 2013(3) ; 40 —44.
XA XL 55 F B R R HH AR B I KA
LI &= 5 H 1, 2018 (6) - 140 — 144,
LIUY L, LIU CM, LIU H Z, et al. Suggestions on utilization technolo-
gy and development of mine tailings in China[ J]. Conservation and Utili-
zation of Mineral Resources, 2018(6) ; 140 - 144.
(4] BWAR, XH5E, 5Kk, 45 g0 R IRLSE G AR BUIROEFE L] L T
B 5 NT,2021,50( 1) :28 —32.
YANG Y D, LIU X L, Z B, et al. Research on the current status of the

[3

[

comprehensive utilization of iron tailings resources[ J]. Chemical Miner-
als and Processing, 2021, 50(1) . 28 -32.
[5] WRpe, th T, Bk, 2. [ A A 8k B 47 HE A &% 255 R IR B0 8 4)
[J].iB%E+,2012(2) .88 —92.
CHEN H, SHEN W G, SHAN L, et al. Discussion on the emission and
comprehensive utilization of iron tailings at home and abroad[J]. Con-
crete, 2012(2) : 88 —92.
GIRI S, DAS N, PRADHAN G. Magnetite powder and kaolinite derived
from waste iron tailings for environmental applications[ J]. Powder Tech-
nology, 2011, 214(3) . 513 -518.
[7] BARAT S, TABATABAIE S P, SAMANI N, et al. Stabilization of iron

ore tailings with cement and bentonite; a case study on golgohar mine

[6

[

[J]. Bulletin of Engineering Geology and the Environment, 2020, 79
(8): 4151 -4166.

[8] RESHAMA B, RAMASAMY S, NIGAMANANDA D. Synthesis of cobalt
ferrite nanoparticles from waste iron ore tailings and spent lithium iron
batteries for photo/sono — catalytic degradation of Congo Red[J]. Powder
Technology, 2021(386) : 519 —527.

[9] MENDES B C, PEDROTI L. G, FONTES M P, et al. Technical and en-
vironmental assessment of the incorporation of iron ore tailings in con-
struction clay bricks [ J]. Construction and Building Materials, 2019
(227):1-13.

[10] COURA I R, CARMIGNANO O R, HEITMANN A P, et al. Use of i-
ron mine tailing as fillers to polyethylene[ J]. Scientific Reports, 2021,
11(1): 7091 —7098.

[11] SHETTIMA A U, HUSSIN M W, et al. Evaluation of iron ore tailings
as replacement for fine aggregate in concrete [ J]. Construction and

Building Materials, 2016(120) : 72 - 79.



174 -

BRI S5 H A

2022 4

[12] DAS S K, KUMAR S, RAMACHANDRARAO P. Exploitation of iron
ore tailing for the development of ceramic tiles[ J]. Waste Management,
2000, 20(8) : 725 -729.

[13] GALVO J L. B, ANDRADE H D, BRIGOLINI G J, et al. Reuse of iron
ore tailings from tailings dams as pigment for sustainable paints[J].
Journal of Cleaner Production, 2018(200) : 412 —422.

[14] BEDI A, SINGH B R, DESHMUKH S K, et al. An aspergillus aculate-
us strain was capable of producing agriculturally useful nanoparticles via
bioremediation of iron ore tailings[ J]. Journal of Environmental Man-
agement, 2018(215) ; 100 - 107.

[15] 2R R, AL 5008, SR Bir. Bk BEIRFF & A SR Sr#r [0 ).
4k ,2015,24(11) ;12 - 16.

LI'Y F, BAO J L, ZHANG J R. Analysis of the current development
and utilization of iron tailings resources[ J]. China Mining Industry,
2015, 24(11): 12 — 16.

[16] P, xR, R85 45 SRR 0VE DAL A FH Ar e Ak BUIR B %) SE0F 5T
[J]. P EpRENL 2021 (11) ;154 — 158.

SHU M, LIU K, LI D J, et al. Standardization status and countermeas-
ures of iron tailings resource utilization[ J]. Standardization in China,
2021(11); 154 - 158.

[17] FEIR, A, sk , 55, FR B R AT 2545 A1) FH BIOIR (7] 28 8% % 3¢
LItz ,2008(7) -9 — 13.

YAN M Z, BAI L M, ZHANG Y P, et al. Current situation and coun-
termeasures of comprehensive utilization of iron tailings in China[J].
Mining Express, 2008(7): 9 - 13.

(18] JIGeR , SRALAR , KA , 55, s 0l 11 oy (i b4 A R RIRIT 52 31
REREALT]. 4RI ,2022(1) 31 - 12,

GU X W, ZHANG Y N, ZHANG W F, et al. Research status and pros-
pect of high — value building materials utilization of bulk industrial solid
waste[ J]. Metal Mine, 2022(1): 1 —12.

[19] EHol, e, ERE 5. pALE R0 1A I BUR 5 4 R 05 19 43

BrLI1. 7=k SR 87,2015, 14(6) :86 - 87.

WANG Y H, SHENG L, WANG J C, et al. Analysis of the utilization

status and development direction of iron tailings in Hebei Province[ J].

Industry and Technology Forum, 2015, 14(6) . 86 —87.

JEHETR , AL, XRAR Ak, Bk R AT B AL R RO T BUR [T ] i ok

7R 2021,46(6) 123 = 27.

TANG Y D, MA B'Y, DENG C J. Research status of resource utiliza-

tion of iron tailings[ J]. Fire Resistance and Lime, 2021, 46(6) ; 23 -

27.

AR LA 2, M. SRR CR S AT R LRk [ ] AL TR

e ,2019,26(3) ;12 - 14.

MENG X R, ZHOU Y X, GUO X Y. Research review on the compre-

[20

—

[21

[a—)

hensive utilization of iron tailings[ J]. Journal of Liaoning University of

Science and Technology, 2019, 26(3): 12 - 14.

[22] CUI X W, GENG Y, LIT, et al. Field application and effect evalua-
tion of different iron tailings soil utilization technologies[ J]. Resources,
Conservation and Recycling, 2021 (173) : 105746.

[23] ZHAO J S, NI K, SU Y P, et al. An evaluation of iron ore tailings

characteristics and iron ore tailings concrete properties| J]. Construction

and Building Materials, 2021(286) ; 122968.

AR U0, YEBUR, . SFR IR LZF o [(T]. &8

11,2014(1) :158 —162.

LIJ, NI W, FAN D C, et al. Process mineralogy of Qidashaniron tail-

ings[]]. Metal Mine, 2014(1) ; 158 — 162.

[25] a5, BB, £l e, SRR M 4LR % It B RERT 5 ()]
YR SRS FIT,2015(2) 26 - 28.

HOU Y F, ZHAO S L, WANG J T. Study on the composition and phys-

[24

[

ical property of iron tailings powder[ J]. Comprehensive Utilization of
Fly Ash, 2015(2) : 26 -28.
[26] ZET5, 200, EHAR, . A=W RGBT L1 LZ0 Y ar
FELI]. R 2] ,2021,39(5) 796 - 804.
QINY F, LIN, WANG Q W, et al. Process mineralogyof Bayan Obo
iron tailings[ J]. Chinese Journal of Rare Earth, 2021, 39(5): 796 -
804.
(27] Wb, 0205 , Tl 5 , 45 BRPUSLHLBRRE SR 1k 8k B L2079
RN A @E,2021(5) 1 -5.
HU ST, PANAF, MARY, etal. Process mineralogy of vanadium ti-
tanomagnetite in Shanxi[ J]. Non — ferrous Metals, 2021(5): 1 -5.
(28] FEG7ZR, BRIE S AL, 5. B AR IR0 L0 Wi [ ]. &
JEH"11,2018(6) ;109 - 113.
TANG Z D, CHEN G Y, QU K H, et al. Process mineralogy of iron
tailing at Anshan steel eastern[ J]. Metal Mine, 2018(6); 109 —113.
[29] EWE. WLk B L0 Y=o (1], AT, 2018, 34
(6):151 - 153.
WANG Y Q. Process mineralogy of an iron tailings in Hebei province
[J]. Modern Mining, 2018, 34(6); 151 —153.
[30] BLLAL, SCHE, WAALER , A5 MK St Bk B A b (o2 i 25 L1 L 2079
L] A AR RIT,2020,47(1) : 1 -4,
ZHAO H X, WEN Y, HU HJ, et al. Process mineralogy of high grade
mechanism of some subway tailings in Zhashui[ J]. Nonferrous Metal
Design, 2020, 47(1): 1 -4.
(317 BRAkEE, 230, &0 L E A RET W T 25 P2Aarse (1], E e
Wk,2022,31(3) .67 -72.
CHEN ] J, LI W B. Process mineralogy of rare earth fluorite iron tail-
ings[ J]. China Mining Industry, 2022, 31(3): 67 -72.
[32] 490, M. & = BHREY 1 L2 Wut5c (1], hE &8s,
2019(5) :50 -52.
NIU S, WANG S. Process mineralogy of biotite iron tailings[ J]. China
Metal Bulletin, 2019(5) : 50 —52.
[33] w A RE, dm T, sk, % LB AN R 28 W25l ].
BAH M ,2019,35(10) ;135 - 138.
YANG Z Q, CHUAI X, ZHANG H G, et al. Process mineralogy of ul-
tra finetailings of one iron mine[ J]. Modern Mining, 2019, 35(10) :
135 - 138.
[34] T/, 8. mBABRY LEF Ptk 5 TZ5 T ],
PRI, 2012(4) :39 - 42.
WAN X J, WEI X. Research on mineralogy and mineral process of an i-
ron tailings in Yunnan [ J]. Comprehensive Utilization of Minerals,
2012(4): 39 -42.
R WK EFRIE R LT L 2T Wi )], &)
H710,2011(12) :39 -42.
LIANG D Y, HONG Q Y. Process mineralogy of a bale law red mud i-
ron tailings[ J]. Metal Mine, 2011(12) ; 39 —42.
i, TR I R SCHE, 45 BREE AR b B R B IRAL AT [T ]. 8
WK A FIH ,2012(6) 252 - 56.
LLJJ, DING Y M, LU W X, et al. Treatment and recycling and utili-

[35

[

[36

[}

zation of iron tailings[ J]. Comprehensive Utilization of Fly Ash, 2012
(6): 52 -56.

RIS, B R, 4 70 . 3R Bk R AT 0% B IR BUIR B K2 A R
[J]. MRS 1R824, 2004 (4) :241 - 245.

ZHANG S H, XUE X D, JIN Z F. Current situation and comprehensive

—
w
~

[

utilization of iron tailings resources in China[J]. Journal of Materials
and Metallurgy, 2004 (4) . 241 - 245.

Gy e EAT  FERTIR, S BRI AT T B T e 2 A I B 5 3 e
RSt LI ]. BT 53 % ,2015,35(10) :27 - 32.

[38

[}



F3H

XU, 55 - FRIE BB T2 = et S LR IR BRI o

- 175 -

YILS, Li XING, Q L, et al. Research progress and prospect of iron
tailings for road base materials[ J]. Mining Research and Development,
2015, 35(10) : 27 - 32.

[39] WA, il B i, 45 FEARYR B 0 PR AR % & R L2 A
A5 T]. P ESE,2020,29(S2) :308 - 311.
YANG M C, ZHOU L, WEI Q C, et al. Research on process optimiza-
tion of a residual slope iron tailings[ J]. China Mining, 2020, 29(S2) .

308 -311.

[40] ¥ B REAKEBE — fEvE L2 MU BB TP RBESELD . )M ) 2R
Tk k2#,2020.
HUANG Y. Study on recovery of iron tails by magnetic roaking — mag-
netic process[ D]. Guangzhou: Guangdong University of Technology,
2020.

[41] 25K RO R g R e MR B AT S [ D ] 5 i

DT K2, 2020.
LI S. Study on iron tailings with compound capture[ D]. Wuhan: Wu-
han University of Technology, 2020.

[42] YIZ L, SUN HH, WEI X Q, et al. Iron ore tailings used for the prep-
aration of cementitious material by compound thermal activation[ J]. In-
ternational Journal of Minerals Metallurgy and Materials, 2009, 16(3) :
355 -358.

[43] REZR. A 9EA TSR R B R IR AT PR RERZ M S L
HID]. bt JLat R R, 2020.

WU R D. The influence mechanism of quartzite iron tailings powder and
waste rock on cement — based materials[ D]. Beijing: Beijing University
of Technology and Science, 2020.

[44 ] ARSCHy, E LW, W04, 2. BRI il 2897 75 i i Bt 2wt

(] MR EE 5K PRl i ,2018(9) 47 - 52.

DAI W B, WANG X M, TAN H W, et al. Ingredients process of iron

tailings making for antique steamed green bricks[ J]. Concrete and Ce-

ment Products, 2018(9) : 47 - 52.

TR SRR XIGEAR, 6. i Bk e ] 46 62 0 A1 LY K B e

5[ J]. P E P % ,2020,56(3) :51 - 58.

PAND A, LUH Y, LIU X M, et al. Research on the preparation of

[45

—

lightweight closed — hole foam ceramics with high — level iron silicon
tailings[ J]. Chinese Ceramics, 2020, 56(3): 51 —58.

[46] fRTmN , BRI &, AR AR AR, Bk 2 0 il o 0k A7 S A0 P e 1) L Z0RF 5%
[T]. B #Be ¥4 ,2021,35(6) :6 - 12.

DAIW L, CHEN P F, ZHU C C. Preparation of morite compound
phase ceramics by iron tailings [ J]. Journal of Shangluo University,
2021, 35(6): 6 —12.

[47] ZHAI ] H, WANG H B, CHEN P, et al. Recycling of iron and titani-
um resources from early tailings: from fundamental work to industrial
application[ J]. Chemosphere, 2020, 24(2); 175 -178.

[48] )73 SREH Hl &btk AL X BRI AL PLEL[ D ].
FoM AR Tl K2 ,2019.

WANG G W. Phase conversion of iron tailings and curing mechanism of
heavy metals[ D]. Guangzhou: Guangdong University of Technology,
2019.

[49] 2, ol , #9545, RS0 VA B R 7 i th 4 ol it Bl 3 1) 1K B T
FLI]. 7255 FIAT, 2016 (1) 83 - 85.

LI C, HAN Q, DONG ], et al. Experimental study on preparation of
microcrystalline glass in Shangluo well[ J]. Comprehensive Utilization of
Minerals, 2016(1) ; 83 —85.

[50] BRHG, B30, Judk . SRS M L3 A bt m 5 [0 ]. %
WRF2£,2009,31(1) 1152 - 156.

CHEN J B, JIA W L, FAN J T. Economic analysis model and applica-
tion of iron tailings using[ J]. Resource Science, 2009, 31(1): 152 -

156.

[51] R. K. MISHRA, P. C. ROUT, K. SARANGI, et al. Solvent extraction of
Fe(III) from the chloride leach liquor of low grade iron ore tailings u-
sing aliquat 336[ J]. Hydrometallurgy, 2011(108) : 93 —99.

[52] PANDA L, BISWAL S K, VENUGOPAL R, et al. Investigation of the
mechanism for selective flocculation process using natural iron ore tail-
ings[ J]. Metallurgical Research & Technology, 2020, 117(1): 102 -
107.

(53] #nfin, HE4, B2, % kD ML EORBUR R ATFE e [T].

15 ,2018,27(1) .1 - 4.

JIANG J H, YE G H, HU Y B, et al. Current situation and research

progress of iron tailings recycling technology[ J]. Mining and Metallur-

gy, 2018, 27(1): 1 -4.

RS, Wk, ALK, 55 BN AR B R 0 B R WA R BE - e it

B[], 9%k ,2021,56(7) :25 - 30.

YUJ W, OUY, QU K H, et al. Suspended magnetization — magnetic

separation test of iron tailings at Anshan steel eastern[ J]. Steel, 2021,

56(7): 25 -30.

[55] Wk, #hIRORT , RE B4, 55, Mg 1Lk R0 i i P e MRS 7 4% 8 SR
1], @A 11,2012(7) :148 - 150.

YANG L, HAN Y X, YUAN Z T, et al. Depth reduction test of strong

54

[

magnetic reselected crude concentrate in Meishan iron tailings[ J]. Met-
al Mine, 2012(7) : 148 - 150.
[56] ARiZ L. Wik, i Hk. SR RLINBRE MR T AU )], 9794,
2012,21(1):35 -38.
ZHU Y F, YANG B, LU L. Research on new process of Dahongshan i-
ron tailings in Yunnan[ J]. Mining and Metallurgy, 2012, 21(1): 35
-38.
[57]) %, SEH, BIUR, & SHIEES T R+ #EET 7 ol
W] W AP S R, 2014 (2) 44 - 48.
YUAN Z T, MAY X, MAO W D, et al. Experimental study on magne-
tite recycling in tailings of malling concentrator[ J ]. Conservation and
Utilization of Mineral Resources, 2014(2) . 44 —48.
AN Ak XU A5 ik — ZREE - ROF R LR LB R
kiR E (], R A"11,2018(6) :172 - 178.
DENG X L, LI M L, LIU X, et al. Magnetic — flocculation — reverse

[58

[}

flotation iron recovery from an iron tailings in Shandong[J]. Metal
Mine, 2018(6); 172 ~178.

[59] skfEd, A, w2, 4. SR AT PUBRRE R A oo R 5 [l
Woikge s ()] AL Ta P50 T,2022,51(4) :15 - 18.
ZHANG Z J, ZHOU Z H, HAN J H, et al. Experimental study on the
comprehensive recovery of an ultra — poor vanadium titanomagnetite[ J ] .
Chemical Minerals and Processing, 2022, 51(4): 15 -18.

[60] Thaide. Tk - WAL — S i i vk s L e 2 iy 2k (0] B
PR S H A ,2021,41(5) (111 - 117.
MA C Z. Recycling iron in a tailings in Anshan by reconcentration —
magnetic concentration — reverse flotation method[ J]. Conservation and

Utilization of Mineral Resources, 2021, 41(5): 111 —117.

[61] BT e, Hn SRS L6 MR 1 41 e Butd 3 T2 [ D],
3k NS R, 2020.
HE Y L. New process of comprehensive recovery of rare earth, fluorite
niobium and scandium in Bayan Obo tailings[ D]. Baotou: Inner Mon-
golia University of Science and Technology, 2020.

[62] EWIH. FFRINED s ELE R BRI HDIFE )], TR2E,

2018,50(5) :6 - 10.
WANG M Q. Study on the recovery and utilization of redressing tailings
in Qishan mountain iron mine concentration plant[ J]. Engineering Con-

struction, 2018, 50(5): 6 - 10.



- 176 -

BRI S5 H A

2022 4

[63] B0k, T8, 2P, 55 gk Ry f gk ¥k gear 5[]
BiR LR ,2016,36(4) :37 - 40.
YUAN Z T, MAY X, LI G H, et al. Experimental study on iron min-
eral recovery of some iron tailings[ J]. Mining and Metallurgy Engineer-
ing, 2016, 36(4): 37 —40.

[64] 21,80 XN 25, =gk R ko g AT s [ 1] ok TR,
2014,12(2) :10 - 13.
YU L, ZHONG J, LIU L F. Study on beneficiprocessing of an iron tail-
ings in Yunnan[J]. Mining Engineering, 2014, 12(2) . 10 - 13.

[65] flx. INARRARET FERIOIIE[J]. A4 T,2020,49(12) :90
-91.
FU Y. Experimental study on reselection of an iron tailings in Shandong
[J]. Shandong Chemical Industry, 2020, 49(12) . 90 -91.

[66] BRA". WL BN M2 A [T ] 34 5T, 1998 (1) - 79
-81.
HE Y C. Comprehensive recycling of selected iron tailings in southern
Shanxi Province[ J]. Gold Geology, 1998(1): 79 - 81.

[67] B3, AT, RICE. $hIRER L = SR g R th 245 R bR i i
+[1]. &8 111,2017(5) :197 -200.
ZHENG Q, BIAN X, WU W Y. Rare earth calcified baked in Bayan
Obo iron tailings[ J]. Metal Mine, 2017(5) : 197 —200.

(687 sRLAA, BHEE, TR, 4. BRO™ A7 S e BEIREE B A T 5 4k 407 1L

HEBET]. BT S70,2019,21(3) 1 - 13.

ZHANG Y H, HU P, ZHANG N, et al. Comprehensive utilization of i-

ron ore waste stone and tailings resources and construction of green

mines[ J]. Resources and Industry, 2019, 21(3) . 1 -13.

B RIG, EE, S AREERE S B A el iR )] B

1e#,2018,34(4) . 106 - 108.

LI X, XU B, HU M ], et al. Preparation of high purity quartz sand in

Benxi[ J]. Modern Mining, 2018, 34(4) . 106 - 108.

SR XV , Al A EIOR BBk RAT P IR LB 0k

WATFE[T]. AL TH 50 T,2015,44(8) .4 - 7.

NIE Y M, LIU S X, NIU F S, et al. Experimental study on the recov-

[69

—

[70

—

ery of low — grade phosphate ore in some iron tailings in Chengde[ J].
Chemical Mineral and Processing, 2015, 44(8): 4 -7.
[71] RN R IR, B I 5T, 2. R PSR R4 [ml Wi | Bk 19y i 9 F 5
[J]. 54 64 )8 ,2017(1) .35 - 36.
HUO SY, SONG R J, LUO S Y, et al. Experimental study on phos-
phorus and titanium recovery from an iron tailings in Chengde [ J].
World Nonferrous Metals, 2017(1) : 35 -36.
DI, B ARAAR, A5 L T RER R o R R e ()] hE
e JRE Tl T 1],2021(3) :53 - 55.
LI P, TAKANO, XU T L, et al. Experimental study on mica beneficia-

(72

—

tion of an iron tailings mine in Liaoning province[ J]. China Nonmetal-
lic Mining Industry Guide, 2021(3) : 53 -55.

VERS IR, BRIEAE. RSP RRE T [ o S wr s [T ). o7k TR,
2017,15(5) :21 - 24.

XU H, XU B, CHEN X N. Experimental study on quartz recovery of
Nanfeniron tailings[ J]. Mining Engineering, 2017, 15(5): 21 -24.
XM, 5. BEPUPUBRRE BRA™ R AR B R B A 1 TG R TR B
WelJ]. s E L A ,2020,49(1) 75 - 76.

LIU X, YUAN B. Panxi vanadium titanium — magnetite tailings uses

[73

—

[74

—

new technology to help the deep recovery of valuable elements[ J]. Chi-
na Mining Engineering, 2020, 49(1): 75 -76.

[75] £ PR MU s B0 K5 [ T]. B ,2013(6) :31 -
34.
WANG Y F. Mica dressing test of iron dressing tailings recovery[ J].
Modern Mining, 2013(6) : 31 —34.

(761 BURERA. REBRE D25 I SR PR ol (2 8% B LAl R Tl Al iz
[J]. AL TH 7= Hi15t,2010,32(4) ;238 —240.
WEI X S. Industrial application of comprehensive recovery and utiliza-
tion of low — grade phosphorus, titanium and cobalt technology in iron
selection tailings[ J]. Chemical and Mineral Geology, 2010, 32(4):
238 —-240.

(771 Bsin, Wiz, (BEE7S 45, Bk 4 b AL TR R A [l P4 O ik Jo
[J]. #F R34 ,2021,35(5) :5011 - 5026.
LU C, CHEN HY, FU L J, et al. Progress in the preparation of new
building materials by iron tailings[ J]. Material Guide, 2021, 35(5):

5011 - 5026.
(78] #56L. gkF2m FfE@E MR Mk [J]. £ s m™1h,2000(10) :45 -
48.

CAI X. Progress in iron tailings used as building material [ J]. Metal
Mines, 2000(10) ; 45 —48.

(791 WRAEZE RIGTE  XIWE R, 4. Rk Bk R0 i 46 52 I DA L@ R b e
[ J]. v E % ,2020,56(3) :51 - 58.
PAND A, LUH Y, LIU X M, et al. Research on preparation of light
closed — hole foam ceramics by high — level iron silicon tailings [ J].
Chinese Ceramics, 2020, 56(3): 51 —58.

[80] #Afii, Wit ar , XM, 45, BRRE O R A il 4 i 04
BERRLT]. 57167 ,2016,25(6) 145 - 50.
YANG H, SHEN S F, LIU H Y, et al. Iron tailings and waste stone

i Bl KA

preparation of building exterior wall fire insulation ceramic materials
[J]. Mining and Metallurgy, 2016, 25(6) : 45 —50.
[81] WREba, MR, MR s, 55 SRRt & M BT se n ke [0 ],
Bk ERAR ,2004(3) 127 -30.
CHEN S J, CHEN J C, GAO H L, et al. Progress in preparation of mi-
crocrystal glass[ J]. Mining Express, 2004(3) : 27 - 30.
[82] Jrifbice, EHIF, (Ehs, . I T HEER B R 7 ) 4 42 S0 $A dis 1A b1
BHTT. 4@ 11,2006 (8) ;76 - 78.
YIN HF, WANG M L, REN Y, et al. Preparation of light insulated
wall material[ J]. Metal Mine, 2006(8) : 76 —78.
EOMHR, R AE ARG, A5 BT 1R g K JEFIRBE L R R 5 A
FABFFEHERELT ). #1B T4 ,2018(2) 1452 - 456.
LUX D, LIUZ A, ZHU Z G, et al. Research progress in the compre-

[83

[

hensive utilization of tailings as a raw material for cement and concrete
[J]. Material Guide, 2018(2): 452 —456.
[84] YANG C M, CUI C, QIN J, et al. Characteristics of the fired bricks
with low - silicon iron tailings[ J]. Construction and Building Materi-
als, 2014, 70(5) ; 36 - 42.
[85] LIW S, LEI G Y, XU Y, et al. The properties and formation mecha-
nisms of eco — friendly brick building materials fabricated from low - sil-
icon iron ore tailings[ J]. Journal of Cleaner Production, 2018 (204) ;
685 - 692.
BV, SRR, AR XUA o iR R R ) IO R R S [T ]
R E I ,2006(4) 239 —41.
JIA Q M, ZHANG J R, LI F J. Research on making autoclaved tailing

[86

[t}

brick from high — level iron silicon tailings [ J]. China Mining Industry,
2006(4) : 39 —41.

[87] E4 /b, 20, = mBH. ARG A P s ik iyl w5 [T]. 1L
THAE,2000(3) 121 -23.
WANG J Z, LI H, XIN X Y. Experimental study on sintered brick pro-
duction using iron tailings[ J]. Liaoning Building Materials, 2000(3) :
21 -23.

[88] LUO L Q, LI K Y, FU W, et al. Preparation, characteristics and
mechanisms of the composite sintered bricks produced from shale, sew-

age sludge, coal gangue powder and iron ore tailings[ J]. Construction



F3H

XU, 55 - FRIE BB T2 = et S LR IR BRI o

< 177 -

and Building Materials, 2020(232) . 1 -8.

(897 Biskss. SRPURTE B I bedl il S LBHFFEL D], s0L: iR
K2#,2012.
CHEN Y L. Research on the mechanism of brick sintering from low iron
silicon tailings in western Hubei[ D]. Wuhan: Wuhan University of Sci-
ence and Technology, 2012.

[90] M=, sk 5. B il £ RO AR B O AT FE [T ]. v [ g
%:,2018,54(2) :63 - 67.
YANG B Y, ZHANG X F. Study on preparation of microcrystalline
glass by microwave heating[ J]. Chinese Ceramics, 2018, 54(2): 63
-67.

[9L] st , 3¢, FWA). F 8T H IS BB B T]. &8
B7111,2005(11) ;72 -74.
ZHANG J R, NI W, WANG Y L. Study of microcrystalline glass by u-
sing iron tailings[ J]. Metal Mine, 2005(11); 72 - 74.

[92] ZRuIM. kR BRSSO ATFE [T ]. 07l R4, 2006 (5) :21 -
23.
GUOM B. Research on microcrystalline glass for trial production by iron
tailings[ J]. Mining Express, 2006(5) ; 21 -23.

(93] WREF , WRaldt. AR AL R AT UM B L BT SE [T ). e,
2005(5) :60 —63.
CHEN J C, CHEN S J. Study on microcrystalline glass composition of
low silicon iron tailings[ J]. Metal Mine, 2005(5) : 60 - 63.

[94] %, Bae, Ry &, 4. 8RB 0 B0 i 4L s 5 R AL F 5
[J]. W7 E2 5 I ,2001(2) :38 - 42.
XING J, LV R, SONG S Z, et al. Composition design and crystalliza-
tion study of iron tailings microcrystal glass[ J]. Comprehensive Utiliza-
tion of Minerals, 2001(2) : 38 —42.

[95] ZHANG X, Al Z, JIAF, et al. Generalized one — potsynthesis, charac-

terization, and photocatalytic activity of hierarchical BiOX (X = CI,

Br, I) nanoplate microspheres[J]. The Journal of Physica Chemistry

C, 2008, 112(3) : 747 - 753.

WRoKSE , A7, ALV 55 BRI R LIRSS 1A Bk B0 1 9 B P fiE

WEFELJ]. RHUM B2, 2019,22(5) 2721 - 729.

CHEN Y L, SHI L, DUJ Y, et al. Study on the preparation and prop-

erties of iron tailings[ J]. Journal of Building Materials, 2019, 22(5) :

721 -729.

[97] Frifbuee, EWIRI, ATHs , 2. ISR R A R 7 6 o6 e B4 I A b1
#HJ]. 4@ 1L ,2006(8) .76 —78.
YIN HF, WANG M L, REN Y, et al. Preparation of light insulated
wall material[ J]. Metal Mine, 2006(8) : 76 —78.

(98] BRI, A ML, A EE ], 2. Rk R A MR A I IR P e T 5 [ 1] o
€] P %5 ,2014,50(9) .82 - 86.
LI B C, SHI Q, HU H M, et al. Research on foam ceramics prepara-
tion by Chengchao iron tailings[ J]. Chinese Ceramics, 2014, 50(9):
82 - 86.

(997 =, 25, 3AK, 5. FIT Bk R A i 4 IR e sl Mz A et
1G4 HETH ,2014,33(3) .53 - 57.
GUOD L, LI'Y, Al X B, et al. Preparation of low — temperature sinte-

[96

—

ring ceramic materials using iron tailings [ J]. Metallurgical Energy,
2014, 33(3): 53 -57.
[100] XUmefe , A, XU , 2. BRPGAFIL T & PR 2 AL R 454
SYERELT]. &7y S5FH,2020,40(3) 56 - 63.
LIU X Q, ZHOU Y, LIU X F, et al. Structure and properties of iron
tailings porous ceramics prepared by carbon thermal reduction method
[J]. Conservation and Utilization of Mineral Resources, 2020, 40
(3):56-63.
[101] QIU J P,YANG L,SUN X G, et al. Strength characteristics and failure

mechanism of cemented super — fine unclassified tailings backfill [ ] ].
Minerals, 2017, 7(4) : 58 —64.

[102] TAN Y, ZHU Y, XIAO H. Evaluation of the hydraulic, physical, and
mechanical properties of perviousconcrete using iron tailings as coarse
aggregates[ J]. Applied Sciences, 2020, 10(8) : 2691 —2696.

[103] XU X, SHU A. Research on application of iron tailings on road base
[J]. Advanced Materials Research, 2013(743) . 54 - 57.

[104] X%, B e, sk, £k R IR AL I FIRF 58 DO B A 38
L], v E 4 4R, 2019 (11) 1279 - 280.

LIU A P, CAO M J, ZHANG X T. Research status and utilization of
iron tailing[ J]. China Metal Bulletin, 2019(11) ; 279 -280.

[105] A4 K. PR HE BB R & B PEREIFTE [ D], rmd : IR K2,
2020.

LI HT. Research and development and performance research of iron
tailings — based filling material [ D ]. Jinan: Shandong University,
2020.

[106] 5k)}. BETHEERO™/ Hy 8RR Sl f & 11 R 28 X LM R BIFE
[D]. dtxt: sh EMFE K ,2016.

ZHANG D. Research on the preparation of mine goaf filling materials
based on lead — zinc tailings / lead — zinc metallurgical slag[ D]. Bei-
jing: China University of Geosciences, 2016.

(107 Bl I3 503 o 13 I I ) P o 6 R 2 X FEBUR R RBe F 2 [ D 1.
S NS RHER A, 2021,

DUAN Y Y. Study on cooperative utilization of coal — based solid

waste[ D]. Baotou: Inner Mongolia University of Science and Technol-

ogy, 2021.
[ 108 ] SRHEHSC. B4 1L FEHORA IR A SR BORMIFFE [ D 1. b et Jeat
HiKA,2014.

ZHANG J W. Study on cemented packing materials for filling and min-
ing in iron ore mines[ D]. Beijing: University of Technology and Sci-
ence, Beijing, 2014.

LTI, FKAE N 5F. BRI R R DI SR A A K TR
REALI]. B RS R kL2014 ,41(4) 230 -33.

JIX K, ZHOU Y X, YANG J H, et al. Iron tailings whole tailings

[ 109

[}

sand cement filling curing agent and engineering application[ J ]. New
Building Materials, 2014, 41(4) . 30 - 33.
[110] FRAE XA, XUXUL: 45 F BRI S K25 T Eh B AR B 7
SR AT &k TR ,2016,14(1) 139 —41.
ZHANG C X, LIU R H, LIU S A, et al. Research and application of
improving the soda — based saline — alkali land technology by iron tail-
ings[ J]. Mining Engineering, 2016,14(1) : 39 -41.
[111] #2255 S T8 R0 M B Eh it 52 5 O RFIBIT B v [ D .
B« AR K7 ,2020.
YANG X Y. Development and application of new salt — alkali earth
composite modifier based on iron tailings[ D]. Jinan: Shandong Uni-
versity, 2020.
[112] 4505 M, XUPRIB, 5. & L0 [ AR SR i 2e 6 R T SR BLA
GELRE[T]. EG L, 1999,8(5) :47 -49.
NIU J K, YUAN HY, LIU B S, et al. Comprehensive utilization and
treatment system engineering of mine solid waste[ J]. China Mining In-
dustry, 1999, 8(5) . 47 —49.
BT BRRACSORNER IR RS SR ID]. G 28
el K2F,2013.

LI D. Research and application of slow — release magnetized compound

[113

[

fertilizer and fertilizer efficiency[ D]. Hefei: Anhui Agricultural Uni-
versity,, 2013.

[114] T30, 2T, Sokcte 55 AL SR BRI B AL 128 R VAR 2 T
BFFELI]. BRAE S ALAE ,2014,29(2) <13 - 15.



- 178 -

BRI S5 H A

2022 4

DING W J, LID, MA'Y H, et al. Study on magnetization process and
magnetic stability of magnetized compound fertilizer [ J ]. Phosphorus
Fertilizer and Compound Fertilizer, 2014, 29(2) . 13 - 15.

[115] /MR BRI A K Fe — SBA - 15 A fLATR R AERENTZE[D]. 4L
A R E G, 2019.
XU X D. Study on the properties of Fe — SBA - 15 mesoporous materi-
als synthesized by iron tailings[ D]. Beijing: China University of Geo-
sciences, 2019.

[116] DONG G, TIAN G, GONG L, et al. Mesoporous zinc silicate compos-

[t}

ites derived from iron ore tailings for highly efficient dye removal:
Structure and morphology evolution[ J]. Microporous and Mesoporous
Materials, 2020(305) : 110352.

B B 9 R s Loy TR LD ] LB DR B TR,
2009.

(117

[

LV Y. Iron tailings as raw material to prepare mesoporous molecular
sieve[ D]. Shenyang: Shenyang University of Technology, 2009.
[118] BRI, 2507, SRMSHE , 55 Bk P iE i s 2 FL ZSM -5 p 7
LY ). TRERLA A4 ,2022,44(5) 1894 - 899.
ZHANG P, LIS Q, GUO P H, et al. Multi - stage porous ZSM -5
molecular sieve was prepared by a two — step iron tailings method[ J ].
Journal of Engineering Science, 2022, 44(5) : 894 —899.
[119] DENG Y X, XU X D, WANG R, et al. Characterization and photo

catalytic evaluation of Fe — loaded mesoporous Mcm — 41 prepared u-
sing iron and silicon sources extracted from iron ore tailing[ J]. Waste
and Biomass Valorization, 2020, 11(4); 1491 - 1498.

[120] FMEZR AR T 3, 8RR JBLARA 5 0 R B S B K — 7 v TR
WS PERER M [ T]. B AH AR ,2012,18(5) 72 - 76.
SUN R D, HE B J, XIE H D. Effect of desulfurized gypsum on the
performance of large mixed fly ash — slag powder dry mixed mortar[ J].

China Powder Technology, 2012,18(5) : 72 - 76.

[121] Z=met, s, T 57 SR /K JRRDH Y 1 2= ML e R AL 25 4 4
FELT). (REEL ,2014(6) 124 — 128.
LI X G, JINGSS, MA Y P. Mechanical properties and pore structure
characteristics of iron tailings cement mortar[ J]. Concrete, 2014(6) .
124 - 128.

[122] S§24HE. 3D F]E)— R AR AR TS O BRI DFFE [ D] LB - 3k
FH Tl K2, 2021.

LU X W. Study on one — time non — bearing wall material for 3D print-
ing[ D]. Shenyang: Shenyang University of Technology, 2021.

[123] Z=prie. Hd/ Bk 0™ i 4 3D STENAE SR R B PEREDE ST [ D] db o
Hh [ TR 2, 2020.
LI X J. Study on preparing 3D printed building materials and proper-
ties of copper/iron tailings[ D]. Beijing: China University of Geosci-
ences, 2020.

Reviews of the Process Mineralogy Characteristics and Comprehensive Utiliza-
tion Technology of Iron Ore Tailings in China
LIU Peng, LIU Lei, TIAN Xin, WANG Yinhui, NIE Shaojun, HAN Xiuli

College of Mining Engineering, North China University of Science and Technology, Tangshan 063210, Hebei, China

Abstract; The comprehensive utilization technology of iron ore tailings has played an important role in the green mine con-
struction and social and economic sustainable development in China. On these accounts of large emission, low scale utili-
zation rate and complex composition of tailings and low added value of iron ore tailings based products, It has become an
urgent objective requirement of green mines to realize the comprehensive and efficient utilization of iron ore tailings . In
this paper, the current research status of iron ore tailings in two aspects involving process mineralogy characteristics and
recycling technology were summarized, including the particle size, mineral composition, associated elements and chemical
composition of different types of iron ore tailings, as well as the recovery of beneficial components from tailings. In addi-
tion, the current research status of iron ore tailings in used as building materials, filling materials, fertilizer and soil
amendments, mesoporous materials, 3D printing materials and so on were discussed. Meanwhile, the problems existing in
iron ore tailings comprehensive utilization technology were point out, and the direction of efficient utilization was sugges-
ted. The above work provides reference for efficient utilization of iron ore tailings with different mineral composition and
different types.

Keywords; iron ore tailings; process mineralogy; tailings recycling technology; comprehensive and efficient utilization;
high value — added materials
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