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Abstract

As a waste generated in the process of iron ore processing and smelting, iron tailings contains a
large number of silicate minerals and other beneficial components, and the resource utilization of
iron tailings is of great significance in environmental protection and resource recycling. In this pa-
per, the application of iron tailings in soil improvement was discussed through petrology, geochem-
istry and other analytical methods, combined with simulation experiments. The results show that
the detrital composition of iron tailings is mainly composed of quartz, biotite, pyroxene and horn-
blende, followed by magnetite and a small amount of plagioclase. The minerals are rich in potas-
sium, sodium, magnesium, iron, calcium and other metal elements and trace elements, which have
the effect of improving fertility in soil improvement. The particle size distribution of iron tailings
sand is moderate, and the particles with a particle size greater than 0.25 mm can play a good sup-
porting role when added to the soil, and enhance the air permeability and water permeability of the
soil. In the simulation experiment, the precipitation of iron tailings sand was significantly affected
by the pH value, and the content of the beneficial group for plant growth was relatively high. Rare
earth elements are light rare earth losses and heavy rare earth enrichment. The mixing of iron tail-
ings with biochar and humus can effectively improve the soil structure and enhance the fertility of
the soil, which has good application value and economic benefits.
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BEED L TFRFREAT I AW R R, BEF RE N A I TRA R 2 =L R 774, 3
G ERELEAWI . VWS HNEEITRER TS Feu Al Ca. Mg 5, JE&JEITTE SR O,
Siv P %5, K/ eREMWAEKE MR BV W IH Y EZ AR SR Yo F 1], & =5 AR
R CE LI BR SR LR M R, B AR AR R R OROK P . BRET R B A E N KR
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& SAEDAE K TR AR g, R L RG4S . RIS ARYE Si02 5 NaOH US4 /i Na,SiOs
KBRS, K R A TEI3 A R 0 A K U FE Si0n B N BE SR ISCR FH ) NanSiOs [2], FIFIEREN 12
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[5], FCER T NT LM, FRAERCRE T 8 P 2 M oRifEd), SCUtah FR AN T - 50A 3 20 b Fiki 1+ 1%
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KPR 6 0/ s 3 P SR s gk B b v o B kAT IR, SRR .

1) A9 FEAZREATEE 1), BRI, RAMN, fft N, EXmETNE—FK T
@, T B HE L. AT Y E BN N Si0,, L2t FifaE, PiXALaE &R, e
FEMELE, RS iRIFHIERGESM, IR ARERARIRS, A0 AR KRR K R 2

(a) IEZZAwOE (b) HfwIE(Qz-A19¢; PI-RHLAT)

Figure 1. Characteristics of the mirror of quartz
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2) Math Bt FRELRG, 4G, AReMEAE, Bt FE AT TGk
FEFE=R(E 2). BRBHRAAESET, Bt EEMMESHEUS, KEKEEmHEA R TR
BNIF B AL PR AL AR X LU BG5S, IR S (A8 A T SE R st 5 . SRS B T EOT R AR
BAERE. B B RS, L, B BHORAG AN IR AL B TR . o B A AR PR K 3 K
ERIURL —, HHEPRRERE R BRI bR 2 — . AR D Rk IR 5 0k v+
BeAh R, TR BERUE TREERRER T, T ER I 2:1 RS ERT(14], SR SIIRIE, BB
AR AE /M E T4 AR = BERT A = B AR EE 9 [ 15], [k, PR B0 X el R BAT S v A
JIHIER

(a) IEXIWYE (b) HRIEBit-E =Bt Qz-fA k)

Figure 2. Mica features under the microscope
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3) RHEA: EKARRKASERS, RESHME, Bt T ILEEH, AURRE, RKaRR
BEBKE, TWE—HKANE 3). RHEALRIK, BEWER M TR AR, AT 13K
SyoyAi RIS, AR T AR, B BEYB TR FKSY . AR & Si0s.
ALOs. K;0. NayO. CaO %%, KAk RAL/EH o] LS 381 pH A, i LIEMAE /).

(a) EXmHE (b) HImIEPl-FHA; Bit-B B

Figure 3. Characteristics of the plagioclase mirror
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(a) EXWHE

Figure 4. Features of the amphibole lens
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(a) 1IEAZMWE (b) FAfRG(OPx-#E47; Qz-f19E)

Figure 5. Characteristics under the lens of hematite
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AR BEBKDT N A BENE, RERETR B 3R h AR INERE, A BT SRR AT R, 1SR S KPR AT R K
P, IF B R e 3t A MLS A8 R e AL E T, AR A R & IR T (17]. 5 22 Bk i 2
B WIONMEERAT[18], AEBRENRY Tt IR AT I REERA

(a) IEZRYE (b) HfRCME-BEA)

Figure 6. Microscopic characteristics of magnetite
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22.1. BBRESESE

T8I P B LB AE SR B2 R AT R R A, a8 A R AR 0 s Bk R AT D 1B AT 1 T B o3 B B B 1)
it o, Gt a R, Hrp o & BN 83.02%, BB A& RN 3.83%, M4 P& &N 8.04%,
AINAFIIEEN 3.37%, BN FEEERN 1.07%, RHEAFEEEN 0.64%.

XIS AT B Gt A B T e LIRS SR W RR S tLE . Bl AR S EN 83.02%,
LR R R /b S R R AR, wisHER RS Rt e, KEZma S E S, BEY MEARIRE
NG RAGAE, ERKIRIEE R T, RS RAEEMm. WRER, EEETRTE, Wk,
LS TCERA BT REEHEY AR K

22.2. BEBHSEE

%U:E‘@ﬂijﬁ?ﬁj( 8 RURL R RD BT, FORLFER /N, UTBh T 3R ORL RS, 538 A B 8 SRR K
NE—ETE AN L IRERERA W . TR 00k, SEICE AR, RASARE, R =
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b, B =2 EAE AP SAME AR MR R T 0.12 mm FRURLFE B R RD A 19 B o Be (2 1) S5 RRBIRIR K
T 0.12 mm HFCRE BT (5 LR N 45.76%

Table 1. Distribution statistics of coarse grained (>0.12 mm)

= 1. BREC.12 mm)EENHSitE

FE i BB i ml/g T A% i i m/g EELA1 53 K0/ % P %
1 106.69 45.13 42.30
2 105.69 52.16 49.35 45.76
3 131.69 60.09 45.63

T8 I 7 L BSURRAE SR FE BEG r Br ik, AP R P TR EE ST, SRiRiARYEFEIFE 0.12 mm~0.84
mm 2 [A] Rk, 38 IR 292 CL AR AR KT 0.12 mm (KBURL 5 4 30k B R I EL A 45.76%, £ LA
T RTINS 4 A I e B SRAS S R P AR, S5 AT

1) 0.50~0.84 mm 2 [A] [l JE & B TE 0.59%~7.87%2 18], “FHH 5.17%:;

2) 0.35~0.50 mm 2 [a] IR JE & R AE 13.08%~25.84%2 [8], “F3I°4 19.16%;

3) 0.25~0.35 mm 2 [H] FAIEJE & B 7E 9.8%~19.36% 2 ], “F¥JM 13.41%;

4) 0.17~0.25 mm 2 [A] [FIREJE & EAE 2.96%~7.14% 2 [8], P38 4.73%:;

5)0.12~0.17 mm Z [8] RS & B AE 0.54%~2.1%2 7], T34 1.56%.

Giitah BRI R kAR B TAE 0.35~0.50 mm 28], (5 LN 20%4 47, FRCN 0.25~0.35
mm 28], HHLN 14%4 4. R KT 0.25 mm FIRURE & H s R FLt n 21 358 b g 0 ke 3R 7 1 S 4%
YER, AT AN 5a LA T e i S AE K I . BRIk, BREA 1D B & o B R A%

3. SREW BT RIBRALIHHIE

BREN RS A KRN, . 55, BREEA TR, RETCENEMMAERBAEEEM[19].
EAEKBTRRITCRL —, R R R B A RS S Y 240 M BE ) B B2 Ry, g
g RIS . BRI SRR B AR ), ses (et A a1 . BRI X
A 7 0 R T A 08 IR A sy, S IR Sy, AT e A . Bk, AEET R AT
Whel R R B+ ST, AR W T E A R A RN, ATy ER AR e R SR AR AR A
WFESLIGFER 3 1F, AR T MOR SR 2 236 T e JT R AR

3.0. ¥EnE

Table 2. Statistical table of major elements of iron tailings sand

=2 REWWEERTRRITR

%S Si02 ALOs  TFe03 CaO  MgO K0 NaO TiO: P0s MnO LOI  RE&
Fl 7871  1.70 9.62 334 474 037 031 007 014 014 068 99.83
F2 7867 175 9.68 331 468 038 032 006 013 014 065 99.76
F3 7939 173 9.45 322 458 038 032 006 012 013 052 9991

T X-BFR 9 e e E TR TR (K 2), EEICE N SiOs. Fer03, A MgO. CaO. ALOs.
Horf SiO, FI &84 78.71%~79.39%, “FIME N 78.92%. Fe,0s B &N 9.45%~9.68%, ~“F3I{H N 9.58%.
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MgO (& &N 4.58%~4.74%. CaO & EN 3.22%~3.34%. ALO; & EN 1.70%~1.75%. BRIt 4h,
BEHDER KO, NaxO. P,0s. HAFEEMg). Bk(Fe). £5(Ca). #I(K). MP)EEHENFHITER.

Table 3. Percentage statistics of element content

F3. LRIBFOHEGEIE

s 0 Si Al Fe Ca Mg K Na Ti P Mn

F1 64.37 25.19 1.08 6.15 1.06 1.51 0.23 0.19 0.02 0.09 0.04
F2 64.37 25.16 1.12 6.19 1.05 1.49 0.24 0.20 0.01 0.08 0.04

F3 64.42 25.36 1.10 6.03 1.02 1.46 0.24 0.20 0.01 0.07 0.04

NEHEEN R R IR AE Y, BRI SR RS EEN, NI RNSER
ST T VRS 3) WRFTTLUEH, SEmm Moz s meE, HyO8ek. 8. 85, 4. Hh
FEERF ) B 200 N 64.39%M1 25.24%, Bk, 8. 5. BIFEES N 6.13%. 1.49%. 1.05%.
1.1%. XETTRERNHEDNERKBEGEZEH, Bt HE0R 5 ERREN T L R LI EARN
F A

32. MEBRE

T 70 IR SR S S TR 3 — T B o B AE R T T PO AR B ORI X
TCRWRE e AT IR, S RRWIB). F(Mn). 45(Ge). fili(As). fi(Se). 4E(Cd). H(Pb)MIXTEL
WEHEEE 4), KPR MRE R T E O AAE 1.23~14.18 Z 08, PN 5.7; 7o &K I vodi v
IIAAE 1.25~1.28, V¥4 1.27; $EICER IR E SR si B /0 i £E 6.92~7.18 Z[A], P34 7.05; FITEN]
W PE e s e B AT AE 20.78~25.88 2 18], P19 22.97; TliyG & (WK so B si B /0 A 7E 11.84~13.53 2 i),
SEHIN 12.95; FRTCER IR E R A AGLE 6.5~7.3 Z1Al, PN 6.8; HYICER MK s b saAE AR (E
1.62~1.66 2 [d], “F-¥14 1.64.

Table 4. Statistical Table of trace elements of iron tailings sand (ppm)

4. KET WHETRGITR(pm)

SAMPLE B Cr Mn Fe Zn Ge As Se Mo Ag Cd Sn Pb Ba
Fl1 1228 30.79 1219 52120 25.17 10.38 46.58 0.59 034 0.06 0.65 0.55 22.76 99.99
F2 141.80 2696 1213 51170 28.69 10.58 37.40 0.68 0.39 0.07 0.73 0.53 2278 95.17
F3 16.81 3196 1184 51400 27.71 10.77 40.06 0.67 030 0.05 0.66 050 23.17 9257

Hifsl 7 mrA, 5 E IR ONHT R A TR . B FESRE R, AR R IR ER T SONE
EEITER, (R RAERMEMNK(pH < 5B KRR A& N A E i, HAr b Bl 5S8R A
WRRI ST BARSG, YR BRBE S ol 8 S IR LR B i, PRIRILRE, MBS RS E
IREERT 5 I, Bt Cemi e R E, RAMMBRZMN T A AR B PWcRI S EE €
B AR T AR A TR, SRR AT S 08 0.6 ppm /i fd . TR W R AW,
AGyxt LG GG e, HHE RA L IRPRa RN AN B . BT S B, BREEERE, HAE pH
<5 GIEH, KUK Rt SRR, Hoo LIRr e N B2, St NEMALIER. W
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e SR L LB 2, HARJTERAE pH <6 ATt & S0 ) his h, SR LRc s w54
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Figure 7. Clark curve of trace element concentration

B 7. METRKRE R EMKE

33. EERBRE

BT TS A R E S UK EENE(Cr). HI(Cu). 5 (Zn). TH(As). #(Cd). HH(Pb) (K 5). H
AR S BT E 26.96~31.96 ppm Z [8], “FYJ& 8N 22.9 ppm; S &AL 9.3~10.79 ppm 2 [i], Ty
TN 9.84 ppm; BEF BN A TELE 25.17~27.71 ppm Z [8], 348 88 27.19 ppm; ifi&y & /0 A 7E 37.4~46.58
ppm Z (8], “F¥IEEN 41.35 ppm; T EDAGLE 0.65~0.73 ppm Z (8], “FIIEEN 0.28 ppm; T EN
AGAE 22.76~23.17 ppm . [8], ~F¥JEEJy 22.90 ppm. HSIHHAEPTA W E B TR ABAFMEDRIAK, T
W Bk B SR, IXUSSLRIEA IR A AOTEY A KA R, BB TEA KT FE R
F. BB AR RRE FR T HAAERS, — R AI0F: RS, vTENES. mEEA. 55
FRIEEAS, P EE MmN NS IR IS

Table 5. Statistics of heavy metal elements in iron tailings sand (ppm)

=5 SRERETHWESEBRTESITR(ppm)

SAMPLE Cr Cu Zn As Cd Pb
Fl 30.79 10.79 25.17 46.58 0.65 22.76
F2 26.96 9.42 28.69 37.40 0.73 22.78
F3 31.96 9.30 27.71 40.06 0.66 23.17
F¥1E 29.90 9.84 27.19 41.35 0.68 22.90

i Bk RS g E R T AR A S TR (] )RR, b BB T R AR b e KU
GRTGEAE, DRI EAE J5 SR A S HIE 7T b B B . SR S B AL T AR, JUHGR AR AT HOIR L . Y
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Figure 8. Distribution diagram of the relative enrichment coefficient of
heavy metals in iron tailings-soil system
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34. B E

Table 6. Statistical table of rare earth elements in iron tailings sand (ppm)

F* 6. SREW WL ITRG IR (ppm)

SAMPLE La Ce Pr Nd Sm Eu Gd
F1 6.95 13.27 1.55 5.71 1.13 0.41 1.25
F2 8.02 15.59 1.76 6.34 1.18 0.41 1.29
F3 6.61 12.55 1.42 5.39 1.01 0.38 1.10

uccC 30.00 64.00 7.10 26.00 4.50 0.88 3.80

SAMPLE Tb Dy Ho Er Tm Yb Lu
F1 0.20 1.04 0.27 0.71 0.13 0.68 0.13
F2 0.21 1.08 0.26 0.73 0.13 0.70 0.14
F3 0.18 0.95 0.24 0.64 0.12 0.62 0.12

ucc 0.64 3.50 0.80 2.30 0.33 2.20 0.32

XPRE A LT R BT TR T (L 6), B uBmAMEEY A KSR PRSI REIEN, B AT
fli LRSS LR S LIBEEREN .. SR M L iR &ESHOTES R EWHEE 7), YREE AT
31.39~37.9 ppm Z [i], *F-¥3J 4 26.44 ppm, Y REE < 100 ppm, X} 1= A AS il gl bl ; Ho A LREE £~T- 27.38~33.32
ppm Z[8], “F3¥I°4 29.91 ppm; HREE /T 4.01~4.57 ppm 2 [8], “F¥J4 4.34 ppm. LREE/HREE /T
6.52~7.28 Z[a], V¥ 6.87, fAAEEEBEIRINEERE . EwEw /AT 1.56~1.68 Z i, “T¥H 1.62.
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Ce/Ce™ T 0.92~0.94 2 [d], FI¥H 0.93,

Table 7. Calculation table of rare earth elements in iron tailings sand

*7. RETWRLITESHIER

EERE) >REE LREE HREE LREE/HREE EwEu" Ce/Ce"
F1 33.49 29.03 4.45 6.52 1.63 0.92
F2 37.90 3332 4.57 7.28 1.56 0.94
F3 31.39 27.38 4.01 6.82 1.68 0.93

4. KRV W R IBIRMULLE
4.1. SLIHE/Y

BREN W EARENEE, B 85, AR Y UL - EERTR . W RS R SR
B RS AT 2 o 3 M < R TG AR AE KR E A T B IR L

4.2. KWMREEZE

4.2.1. SEIRFHRERN

1) FEdh: B2 ER RN RS, MRIERIEE A ARRAE, I RS 1 mm PAERORE S AR SERR R
PR ORGSR S, IR S R 7 D I T R (& — AR KA TR 400 g
PR R JEAE)

2) SEEGVRAR: MRS S MM X KUK, B 500 ml ZAE/K, BN 0.01 g KCI. 0.02 g NaCl. 0.03 g
NaxSO4, FHH L B 15 975 pH {H

3) SEERBEE s SRR B\ BTH GRS 3 (SR b & BH R FI #4468 G Y5 ] 0°C~2507C).

4.2.2. R
1) #8220 g+ SEIGIRAA 500 ml, MR 43508 60°C (W60). 80°C (W80). 100°C (W100), 5L
SN E]: 72 h

4.2.3. SIS

1) BT, FEREIS. RN EHEMKIRE 2 D, TEEH. SREV LB TR,
HEF(80°C, 4 /M) JEFRE

2) AR AT O RE A X 20 e N ZE T, BN 500 ml FCE GF IR SOKIEIR, . 4
JIFE 60°C. 80°C 100°CHIIRLEE R4 Bl B 3 R(72 /M) o

3) JRPLZE R G HCH B RE S, BB FKIER TS, TEAFLR0C, 4 /NN EFRE, [FI R AR
LR BN B

4) LI G SR KGR IR 3 D6 016 BE T 2% X I VR S R B R AT A AT A U

4.3. SEHER

4.3.1. §5LF
W25 S SR R TH i, 5 T IR B PR AR (2 ), KA 12.46 ppm, /NN 1.767 ppme £5 55
TAE A A P RE RS (e SR R AR R, s R, IR SRR E AFRE /1[20]. UL, £ BT
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Y AN b3 B A, [N IR RE S O LA e — s BRI TR

Table 8. Statistics of calcium ion concentration

=8 IEETRESITER

T it i 5 FyGE RS 58S 7 /ppm
W60 FEf + SEERIAAE(60°C) 12.469
W80 FEM + SZIRRR(B0C) 4.707
W100 Fedn + SEERRAA(100°C) 1.767

432. EE

BEE IR LT, BEES FIREEIEWFEAR(E 9), BKMEN 9.504 ppm, /NN 5.446 ppm. BETGE A2 4%
BRI R TR, R SRACAIEN, R BEE R0 BIEAEYI LG S AE A BT I — Ll
R, BERS T HIAT tH E AU 20 L BaE s S sz, [ E Reag LI R —E BB TR

Table 9. Statistics of magnesium ion concentration
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FE g5 JRUG S BB PRI /ppm
W60 Feah + SREAE607C) 9.504
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TESRI R FE YRS TR B B IR S T R R TS (R 10), KT RN 0.137 ppm, /T RN
0.083ppm, & FHTHES M LSS AMESEL, HATREFEREMBES R T K. Hit,
LR RO AR IR S g8 (1) 0 B R R I AE 400g/Kg~500 g/Kg 2 ] .

Table 10. Concentration of lead element statistics
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e RS Ry GE e BB TR /ppm
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