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Multipurpose Utilization of Mineral Resources
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Table 1 Chemical analysis results of multi-elements of tailings

Cu S Co TFe Pb Zn \ TREO F AlO3 SiO2 Na2O K20
0.039 0.29 0.0052 7.66 0.011 0.0054  0.018 0.11 0.58 13:34 52.03 2.99 3.21
Ca0 MgO P20s Ag* Au* Cr Cd As Hg* Sb Se Ni Mo
5.76 2.21 0.69 7.11 0.16 0.0048 < 0.001 0.00119 0.040 0.000382 0.000024 0.0024 0.0028
* BLAH gito
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(1) FEHKREYWILE Cu. Co LA HIN
0.039%- 0.0052%, RI%;

(2) Ag HENTN g, KBET H Agl g/
t BIAEAE [BICR] AR HE

(3) BU % TFe M1 N 7.66%, ELET
% Pb.Zn.Cr-Cd-As FlHg S B4 5 790.011%-
0.0054%- 0.0048%-. < 0.001%. 0.00119% #0
0.040 g/t;

(4) HATHEW Au. Sb. TREO. Se. Ni-
Mo % & BB, RERMFERWCR AR, HF
B & B A E
1.2 BE AR

(1) FEEBERAMAREY, HIKRNERN
W MBHE, BE 0.65%;

(2) ZRBREMYEENUET . R B

5%y, HRANSOAMBHT, B8 5.26%;

(3) HEEFMIFENRE. KA. 8.
KEu4¥, BE 86.64%;

(4) R FERFEATBANEEH, R
KABEKE, BE 6.45%;

(5) MEBYWAZENG. BH. HEANA.
aA. WA B ERA. MEA. BA. B,
BERN 1%,
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A KNS E, NETHWEEMLEN ZE
RRERPHEREYT Y, WFHEY . RE.
BUE, BASERK, EREERESLELR
M EET Y Pl
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Table 2 Particle size analysis results of tailings

" o fa L /% A 1%
W fmm - TE % Cu Co K20 s Cu Co K20 s
+03 115 0.154 0.0056 3.15 0.22 441 1.07 117 137
-03+0.15 14.29 0.066 0.0043 375 0.12 23.56 1021 17.45 9.33
-0.15+0074 3974 0.031 0.0046 3.20 0.12 30.77 30.40 41.42 25.96
-0.074+0.045  27.13 0.026 0.0069 2.79 0.24 17.82 31.46 24.92 35.84
-0.04540.038  0.38 0.050 0.0085 1.97 0.31 0.48 0.54 0.24 0.64
-0.038 17.01 0.054 0.0093 2.67 0.29 22.96 2632 14.80 26.86
&it 100.00 0.040 0.0060 3.07 0.18 100.00 100.00 10000 100.00

(1) -0.15+0.074 mm. -0.074+0.045 mm 2% %)
# Cu. Co. K:Ov SHSGMEE, Cu st MESH
N 30.77%- 17.82%; Co 434 F 43 5 5 30.40%-
31.46%; K20 43 11 2 43 A 4 41.42%. 24.92%; S
S A EATHIN 25.96% 35.84%;

(2) Hi2% -0.038 mm &5+ Cu & B A
N 22.96%, Co &B M HiFE 7 26.32%, R
H— IR MAE AR R P 53 A o
1.3.2 BY P FEZF YRR 7 A

B R EY WRLE S NE 3.

*3 BV EETVYRESH

Table 3 Particle size distribution of main minerals of tailings

T p 57823 -0.15  -0.075 -0.04  -0.02
Z%  /mm 40075 +0.04  +0.02 +0.002
DHE % 4.6 254 214 384 102
B 235 /0 )
/% 46 30 514 898 100
DAEE % 3.1 18.5 26.5 453 6.6
sy TE %
E®/w 3.1 21.6 48.1 934 100
DA % 175 39.7 22.9 156 43
kA BH/% 175 57.2 80.1 957 100

-0.002

AL, BETERRPEERIE, WM EK
R, HKE—RHAMAE SO pm UT; HE
R KN 02 ~5 um, B 0.05~2 pmo



EA
20194 12 A

mtEF: XEFTTRURKESESARAHL «119 «

A E R 2MI 50 A8 57715 0.1 ~ 0.5 mm,
AR E RS 2M2 S H S A& S mm; £
B ERRE EBEE L 100 pm LLF, KHHR
EEHRIE 75 pm LT, FEHEFE 40 pm KL T,
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Cu FERAF T RHFN +, HKRETHREN,
WA B TS B, Co TRULRFAZRRE
BARGETEEY F; Mo EERE THEEN +;
Pb. Zn FEMGF T HEH MAEY +; As FTER
FTHPS,; Na FERETHKA, RREANR
A, K Mg FERFTE=89; Au. AgE
BERAFTEET +
142 EEBTERFRSE

H4&BITE Pb. As. Hg Cr. Cd §EBIK.
Pb X E AT F; As 2 H A THET
PR BEE . THT SR, Hg tEU
SRR AR MR BEEAGFETEY H; Cr
TR UERRMEAS> M THRET F7WF,; Cd
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W T2 MEMER, 45X 2R ERT
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W AMRN FHCER K EWCE B - B
HEE” M TZHARE, ERRFAEHTERE
BiE, ERFAMRBT BRZERTHBET . W
BY . BN . RV SEIE~R, SWTE
BB IRA R AL
21 HHAENTRERRERT YRS EBMR
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HIZTWFESTERTH, Cu FERFET
BT, HXRETHRAT, ROERETE
FHH, CoFEUXRBRARRBEREFET EE
b, HTEF ST Cuv Co TERME, Nt
Cu. Co REIRABERWESE, BRERIHM
TYRSFESEBRRSSE, BARKBT &R
REREY =5, DUERIEES. Sy EHr.

(1) FHIRAFE
R BBy pH A RBER, KIKTEME
ANMEIF, TEREH K Z 200 HEEGH, 2° mA
. St —RisRA L. FIKIBERIL.
MIREERE, BRRSREEGRET RBEFER
B WANRAZIENBRRERINE 4.
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Table 4 Closed-circuit test results of copper-cobalt mixed
flotation

a - A /% B E /1%
FRER FE /% Cu Co Cu Co

HERERT 034 2381 028 2422 1818

By 99.66 0.030 0.0043 7578 81.82
By 100.00 0.039 0.0052 100.00 100.00

HER4GERTH, 2 HKIRERBENRE
BAREY CudhiiN2.81%, FIWZE N 24.22%, [,
ZHE R ARED Co WMLN 0.28%, JaLEmH X
H#TEWRA, -1 ERERERY 7.

(2) M E

HAr& 4B L2 X EAMBEZE, @it
ATAAR B R R, 2 RHAKIENEET B R
MR, MIRAHMEMEDE. FBHERHE
HEH M HI R T RIA B TN R . BREE
FRAEREREHHEF, RMANEEH KK
PR R E R MHIA T22 SAKESHEA.
DLRR R B W R SR ARY, £ —REH
B, — IR BEREE. IR SR EE
B SmEEY . Ao BARRRERIE S,

x5 EHTBENRABRSR

Table 5 Closed-circuit test results of copper-cobalt separation

o o S 1% EALE /%
FERARR FEE /% Cu Co Cu Co
HEY 1838 1338 0.081 8751 539
BReSFET 81.62 043 032 1249  94.61
8B 100.00 281 028  100.00 100.00

HRSERATH, £ —KSBEHE. —K
S ERE R AT Cu AN 13.38%, fEMLEIYR
%] 8751%. £ HRSBEREMRAEET Co
il 9 0.32%, fEMVEIRERA 94.61%.
212 %Rk

BY Hmh EH WS . RV BE%y S
SHRENT Y, TIIEEN5.10%. HTHSY R
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Table 6 Test results of iron recovery

s I PR (% A ivA BT 1%
SBEE/T AW B XWERT /% el ER
BREF 071 071 6408 616 6.14
0.08 By 99.29 6.98 93.84
5 100.00 739  100.00
T 085 085 6099 7.4 7.12
0.1 By 99.15 680 92.86
A5 100.00 726  100.00
BHER 136 136 56.85 1054 10.50
0.12 BW  98.64 6.65 89.46
#BE 100.00 733 100.00
BEFSHT 156 156 5459 1151 1147
0.14 BW 9844 9844 665 8849
BE 10000 740  100.00
NG EIGRIE S R &0, MEERGRE

M0.08 TIENE0.14 TR, AT TFe & 7 M
64.08% [% & 54.59%, 1E kB M 6.16% 38 I
2 11.51%. ZREF=H—A b EUWERRE,
MHESEHMAERSNEY, BEXABLERE
F01T, WEZET Elkr=% 0.85%, TFe MfL
60.99%, TEMLEIWE 7.14%.
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T2 M¥EERERY, EVELRPEERE
M=BTY, SHEHETYENY 1475%, T8
AR AT, FxtHETEWRA.

SRR EIE-FET . Bk -
ZUFENENBETLE, MFERTZEESH
M —FEERMEY K (pHE2~4) F4T, A
FHE TR IFE R =& 5 —F R E h RS
W REGT, AABEFRERARESE, &5
o B R E R LR R R E
ik FERT, BIMRIE T ZEHRENESR,
AFERAERE, BREREEE, BT R E
LAMPFARR A BB KA AR o

AHREERE - FEFEH AT F G
My B T2RE, LU ZEVENTEN
EYEFIE, BRFBAEREPHEESE. BT=

B YRS, PTEEXARBIE TZNR
ATV EEREW, REXNEEMHEBT HTE
WHEE, FERRNSERT

(1) R E R

BB YA R BN 5781 ~ 52.60*
10° kg, BA MM, 7R B T2 KT
BEE, WMBRXERT, BO T —EHEELANE
B. UWEREHRBY AAY, #THEHERE,
HEIERRER K 7.

F* 7 BHBARRESER

Table 7 Test results of high-intensity magnetic roughing

3] = b R ALY Bl 1%
S /T £ % Cu KO Cu K0
SEREKETT 4247 0029 432 4333 54.06
0.6 By 57.53 0.028 2.71 56.67 45.94
BH 10000 0028 339 100.00 100.00
BEIRENT  47.64 0030 448 4848 62.84
0.8 By 5236 0.029 241 5152 37.16
=t 100.00 0.029 3.40 100.00 100.00
SRELKETT 4930 0.031 446 5096 64.47
1.0 By 50.70 0.029 239 49.04 35.53
EF 100.00 0.030 3.41 100.00 100.00
BHERETT 5035 0.031 441 5570 66.33
1.2 By 49.65 0.025 227 4430 33.67
EH 100.06 0.028 3.35 100.00 100.00

MHEEA G RIS R, BEMSRER
BN, Ka0 it A2 K AF b [B] Wi #5231 55 B 38 i
FETFRINBE. ZaE BT Y KO0 @
FAekmR , #Eriiz RN 1T,

(2) EAFiELN

DIRGE R T NET #ITEERERE,
AL R ALK 8.

%3 EENRABAR

Table 8 Test results of gravity and cleaning separation

7= N A KO & K20 ek
E4 1% 1% 1%
= EHER 26.17 8.67 51.75
G2l 18.25 3.83 1595
By 55.58 2.55 3230
%y 100.00 438 100.00

M8 & RATH, HEWE -0.074 mm Hi K
FEEEANRY, F& +0.074 mm K FHENRKE
ik, AI3K18 K0 F17 8.67%, Bk 51.75%
W BERET, BRAEREERT 1EL =% 2617%
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(M EF 11.36%) , KO 1L 8.67%, {Edk[EI
F 51.75% (XHRF 30.68%) o
22 RV RERFABHR
HTEVERBRUMEERRGTHRE
BEMRERN, FERAT IRESMHRESN,
HEBERENESRES FHBRMERE K. ERH
Bl - EEB®, 5 Cu”, P, Zn™, Cd*
SESRBETRRATBEERS, MK—EBIBHE
£. RFAEREALHFRLIREREZIESESLRE
BEFHHAT Y, LU G HEH P LR E K

LHBHREE.

IR AFE TEEYH. RSy e, &8
AR MCEFE L ZFRERGRET —&rH,
EHEWORAT M FEEEY —™ . BTE
ERRUNBESBRIKGTVE, WKHEEL
EXRHBTRE, FUBRBRFLERT T RERE
MESRET.

Dk BN RBRET EARY, #TES
BRI, ABRERREKI.
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Table 9 Test results of impurity removal of tailings

52 fEdb= 2 ST 1% ek [ 1%
AREP e As* Hg* Cr cd Pb As H Cr cd
g g
Wy 459 00028 797 0031 0018 00014 972 532 402 1774 631
Hy 738 00015 196 004 00067 <0001 837 2103 835 1062  7.25
¥H +PF 1197 00020 1514 0037 0011 00011 1809 2635 1237 2836  13.56
B 5421 <0001 421 0036 00041 <0001 4099 3316 5514 4769 5323
® 3382 00016 824 0034 00033 <0001 4091 4079 3249 2395 3321
By 10000 00013 688 0035 00046 00010 100.00 10000 10000 10000  100.00
* B 100,

MNiRELE R, ESBRAET EL™
F459% (HIET 4.54%) , BEFT1EL=R
7.38% (MEF 7.29%) . AR, EFERPNEE
EHET & Cd f5 A58 H bR e (GB/T23349-2009 fE
B ag. 8. 8. 8. RESHER) , HaT&
BEHESRIBIFIIABHIRME. G EEES
FRRFHNEE=RESRSEER, HEH
EERY 597 S EAEERBTMERE, Poit
B 2 4 18.09%, As B & % H 26.35%, Hg it B&
N 1237%, Cr R ZEN 28.36%, CdBbRERN
13.56%.
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BEERMBHET MR, REUARENE
EREENESMIEL. ERHE ZSHENEY
(—RUERPE. KA. BV A. FiE. W
BREERETERE) &—% T MIAK L

HEHBREAFHNERREY, BERBNS T
XFBESFRE. EAAELE. £R. XEM.
AR AR AER. FHRRSEHELAW,

AT R RS SiO: fhI 52.30%, ngg
HERS T PDEE, LR AXERTHERRE
WEREL, BEAE, KWERAF, LR
T REL LS GET LR RIREE AR .

=B H B RY HER BT £ ThRs R
Hl &R, REAH: EBFBRE, BRI
BB, BEIEFERES: EBIM: WBBHAE
920:10:1.5, #EHBE 1200°C, KEHafIE] 0.33 he
RAZ TN VEERL™ A M-S & (UL Sio: 1)
38.75%, FIVHAEZBEREHIRET 43.59%, &EE
THREREREH] & — T L BPa] SEILEH W& 43% LA L.
24 REFATRAERNRE
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Fig.1 Principle flowsheet of comprehensive utilization of tailings
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Study on Resource Disposal and Comprehensive Utilization of Tailings
Yang Jinzhong, MaoYilin, Chen Xiaoqin, Liu Xiaofu
(Shenhua Zhunneng Energy Resources Comprehensive Development Co. Ltd., Coal Associated Resources
Comprehensive Utilization and Engineering Demonstration Center, Erdos, Inner Mongolia, China)

Abstract: In order to solve the problems of tailings storage and potential pollution to the environment in
a resource-intensive mining area, the technology of resource treatment and comprehensive utilization of
the low-grade tailings was studied. According to the research results of mineralogy of tailings process,
the research of comprehensive recovery of valuable elements and useful minerals, deep impurity removal
test of tailings, and preparation technology of multifunctional mineral silicon fertilizer were carried out.
The technical process of "floating magnetic gravity cascade recovery of useful mineral -- silicon fertilizer
from tailings" suitable for the tailing property is determined. On the basis of the recovery and utilization of
valuable elements, the hard-to-use tailing resources are transformed into copper concentrate, sulfur cobalt
concentrate, iron concentrate, mica concentrate and silicon fertilizer products, thus realizing the resource
recovery and reduction of tailing.

Keywords: Technical properties of tailings; Comprehensive recovery of valuable elements; Heavy metal
removal; Multifunctional mineral silicon fertilizer



