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Environmental benefit evaluation of copper tailings
resource utilization based on LCA
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(Jiangxi Key Laboratory of Mining & Metallurgy Environmental Pollution Control, Jiangxi

University of Science and Technology, Ganzhou 341000, Jiangxi,China)

Abstract: Taking the copper tailings as the research object, the environmental impact of the conventional
treatment of copper tailings and three resource utilization methods of copper tailings were compared by using
life cycle assessment (LCA). The main environmental effects of four methods dealing with 1t copper tailings
were as follows. Effects of Option 1 with stacking were: ecological toxicity (ET:7.05x107") and human toxicity
(HT:1.467x107"). Those of Option 2 with copper tailings replacing the clay in cement production were primary
energy demand (PED) that decreased by as much as 10.25%. There was the largest drop, 19.51% down in the
global warming potential (GWP) when Option 3 with copper tailings replacing the sand in autoclaved aerated
concrete was used. As for Option 4 with copper tailings replacing the siliceous materials in the foam
microcrystalline materials, there was the largest decline, a fall of 70.35% in its water consumption (W U). The
three resource utilization schemes had different environmental benefits.
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Table 1 List data of copper tailings stacking
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Table 2(continued) Life cycle inventory of three

tailings recycling methods

K T B R B B Bt

) I b A kg 1.00x10°
HETk B8 [HER R K AR Ymg 6.40x10?
HEk i [HEE) KK /mg 1.89x10?
HEf PR [HEE AR A kg 7.42x10
HEk & [HERCEN KR /mg 3.36x10
HE B [HERCEN KA mg 6.09x10
HEf B [HER SN KA ) fmg 3.63x10
HEk B [HERCE K AR Y mg 3.54x10
Hejik A [ HE TR 27K A4 /mg 2.74x10°
HE R [HERLE KM Ymg 3.09x10™"
Hek fft [HE RN KR /mg 2.77x10
HEL b2 T S [HE AR K AR 8.62x10
Hegik fifi [ HER $)K A4 | /mg 5.62x10
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Table 2 Life cycle inventory of three tailings

recycling methods

i H T B2 R B AL Aot
BRLEIZ B (10 1) 457 /km 3.00 x10
Bt kg 3.07x10
- L 77/kWh 1.80x10
R A A /kg 1.62x10?
A K Filkg 8.07x10°
SRV 3.00x10"!
B kg 1.24x10?
TREZH (10 V-4%l/km 1.50x10?
Bekilkg 1.11x10
L #7/kWh 2.03x10?
Hit/kg 8.80x10°
D7 % 2 ik ARGk 1.09x10?
A P, [HERC/m® 4.92x10°
SR [HECE) R R kg 5.12x10™
TR R R kg 1.47x10?
R [HERCE R R kg 1.66x10™
AR [HERCE R kg 2.22x10™
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154058 i (10 1)-%8M/km 3.00 x10
AWK Ailkg 5.56x10?
K elkg 3.34x10?
MR H kg 1.00x10°
fiElkg 6.57x10
E SRR
A fb/kg 2.20x10?
F1 9 K kg 1.30x10°
B kg 1.51
L J1/kWh 6.88x10
RIRE 3.33x10
#E/kg 9.32x10°
R A4 (10 )45 /km 1.50x10?
Kie/kg 2.21x10?
h/kg 7.78x10°
EKE 3 FI R K kg 2.17x10?
SRR PN IR [HERCE RS g 2.73x10
A HERE R A Ym? 4.75x10°
SR [HERCE R 1.78x10
PR [HEBCE R AR 3.11x10?
B 4238 4 (10 ©)-423h/km 3.00 x10?
W R SVl kg 6.00
A kK /kg 9.11x10?
A1 K Ailkg 3.06x10?
R /kg 1.39x10
R AL /g 6.25x10
EUR L TUN
AL kg 2.08x10
L F1/kWh 5.22x10
il A kg 1.00x10?
RIS 2.26x10
EP S0 4.51x10™
154558 i (10 1)-%8/km 1.50x10?
B kg 2.36x10
¥ kg 7.64x10?
e o RIRRIm? 1.74x10°
% 4 3
—— FI KK 6.94x107
i [HER ) g 3.47x107
AR [HERCE R kg 3.47x107
AEM [HERE RS kg 3.47x107
W JE S g 1.74x10™
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Table 3 Transportation information table of three resource production processes

LUE AN i /kg Loy 2 1 i BE 25 /km R e Sy
Bt 879.8 Fitii A 15 PGS (10 O)-4¢
b 997.8 b1l % AR EE L 15 B L8 M (10 1)-5&3h
VR 763.9 Wiy R 15 A8 % (10 V-5%ih
il 1000.0 BREE  BORH TR EE LT 30 TRAEZH (10 V-440h
H1 3% 4 W] A3 1 B9 R A HEAE T 3B b &
2 EROW PRI ET K HT, 3 i3k 26 52 ) 1) 32 22 Ji [A] 2

21 WEHMIENER

TS 1, FEEERFEA R (Ecological
Toxicity) Fl AR B M (Human Toxicity ) iX 2 F ¥ 355
S R FE AR BEATVPAN PR 52 0 £ i S 40 0t 285
Rk 4 Fra

4 AEVHEENREZWESEHTENER
Table 4 Results of LCA of environmental impact

of copper tailings

IR N A EARIUE L S A DRI g AN A DA LCA %553
HT CTUh 14.67x10°*
ET CTUe 7.05x10™
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Table 5 Results of three environmental impact types of copper tailings resource utilization

i H s E) T%3 VEX
PED MJ -2.77x10° -8.88x10” -2.08x10”
ADP kg Sb eq -1.54x10* -4.44x10° -2.65x107
wuU kg -2.90x10* -3.99%x10* -6.16x10°
GWP kg CO, eq -2.10x10* -1.78x10* -1.60x10
AP kg SO, eq -6.78x10™ -3.55x10" -3.78x10™
RI kg PM,s eq -1.97x10™ -8.88x10 -9.72x102
POFP kg NMVOC eq -6.17x107 -3.11x10" -7.60x107
EP kg PO "eq -5.55%102 -4.44%x107 -4.69x102
ET CTUe -5.55x10" -1.78x10™ -1.62x10°
HT CTUh -6.17x107 -3.99x10°* -4.49%x107

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



124 % 38 WA R T RS R RN R W AR R T RALA) A B BRI R B S AT 111
5 AT LA 3 AT Z 0 10 T BRBE 52 i 2%

TR R S 3 R A YR AL R R g 10 res
IR i i
1EI7 R 2 PED WE(REIE SRS, k%) 1025%, = 107
W8 R 1 = 785 JB DAL 2 A /K DR SR 7 R AR %
LU ADP RS, LR R A B BORLEE AN | KR A T gw”
S o O L VR T HRE LA B B Rk 2
WAE 2 107
Jig 3 EG R BN TBAAKR, BET 2
ADP WY FER LI W H R0 BB g ek E R 50
POk LR TSRS R T R R F
FE VLR B PTGl A5 B B 3 o HT ET
n[’.ﬂ;@)jg{gﬂ]ﬁx [ﬁ];‘g)ﬁgﬂﬁﬁ%{f&oq’fﬁ.ﬁﬁiﬁ%uﬁg@ﬂ 3 AR WAMKRESHERN LCA &R
{E rh F%{EE i 3 Y GWP, IE%{EE 7 19.51% , JE Fig. 3 LCA results of environmental impact of
SR AR T 3 FE NI 2 7 i A copper tailings, sand and cement
AR £ 7 K TR Y 3R 5 A, .
D5 4 b R R SRR R AR A S AR glo e
BT ADP RS JF BAR T BREA, T 2 T
G 5 B ok 0 0 B U T RE A et e xR o
RHI T RE R, WO SREE S R WU I 2 100
70.35% 1 J5 R 4 R 0 B A AT S b T A g §
VR B B 2 P A e R R R 10
K, E
22 EBHEHMER 2
SRR A7 3k X A 75 PR 119 3 5 R 2% 8 4 jlm
Fi ETRIHT, BT 2 PR EAME  w
AR 3 PSR B KT, R A 10 ar .
Kt AT HEAF A DERd 40 LX) ET F1HT MR 7S E4 R EEDE X ESTESnY
B LCA 45 AT 1L, W2 S e 2 14 3 LCA &8
FE 4 Frs Fig. 4 LCA results of environmental impact of

copper tailings, quartz sand and bauxite

o 10 ’;@i’ﬁf M IE 2 7 LVE R, B R S X ET A7
{f RS & HT 8520 L8/ . S04 r
E 10° YL BRAR L ET M HT A9 (8 39 45 A [ 72 B 10
B Wb, HU R K Je SRk A A B Bk
= THRG MAE A0 ET HT, BEAR & -+ Ho i >
§1w T F R B
® 3 AT, A 78 AR BE b ALK U8 B
£ 10 FRE ET 4775 LB, 5 BB B h A7 e A
! Ho, 7% 309 ET RIHT (4 R FBIE (0, Hof
10 HT ET ET W0 54.5% HT /> 5.6% A8 82 E <
T R R0/ R 359% S R 10% 9K V8, AL S
Fig. 2 LCA results of ecological environment T AT HEAT T E A Y ET HT, (R AN O PL b
impact of clay and copper tailings 78 Rilp AL

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



112 He s kish T4

2021 4 6 H

HT 4 vT L, FEHL R T B B A R A e A
YLRP RS 0 Ol X T ET B9800 FeA Kk, [R5
PR A P i RRAR LG ET R HT A R [R) R 11 U8
A HAR HT WY 29.3% HT Wb T 25.85% 5l 8
AR L VAR B PR R b A 7 B ke T A A, TG 3R £ T
W R WA TRy M e = L0 ET HT, gl T
XiF & R BT A S

303 i

1) J5 % 2 Pl i R E A RN PED >
WU>GW P, TE 7K Ié VR Az 77 By B v B ) 4 2k
FEXT PED {8 1) 51 Bk B K, 860 i & iAok K
XF WU H W BT8R 3K, BORHE B B Be Xk GW P H (1)
TR fe R o BT DA T DL R AR A IR R M A N 1) S
@ Y RS > PED RN WU B 520 32 5 2Rk g
Be W B (4 #4 F) 280 % R W 2> PED I GWP 1Y 52
M, DA B4 s 2B 7 B K A6 28 R ok > WU
1) 52 i

2) HE 3 PR BRI AR PED>
WUSGW P 157 INA=UREE - 4= 7= By B h 78 R 52 97
T AR B R P ) 5 T B K A I 7% R SR o R R
IRBE 52, a] DASR s ORE I R FH AR T 17 0
G IR AR AE A 25 7500 S R LA B SR B AR 25 3 B8 52 i) 42 /)
ES SERa YR /b

3) E 4P BT Ay WU
PED>GW P, T I IR 0 i 3% 385 O A LA 7= v il b 11
U A R T U R 1 5 e e K Sk S IR TR
fm DR T AR T A 7 T DUOR A 18 i AR S Y
M 25 /)N By S €, 4 77 et | it v e 4 A ok AR R ARORHAY
F 803 D R4 v A 77 K B B R %2

T e PR S () BERE AT W AR 1 T B R AL
AT RE B R S (R [ AT 2 3 X A A
U5 AL R B BIF 98 A X Ok B b g b AR SO i
eFootprint X4 73 #7145 B 4 2 7 9% 5 Ak 1 F2 %5 1 SR8
FRUR A AR SRR R s R, A BN E R
P AL ) 2 AR 09 i Ji 4 B B 27 1 B8 0 S Re A 4 R
e, HERM TR Z AR % B E A%
ST, R AT R ATS 5 AR AR X N )15 450 Ok ik B A iE
() %8 W5 T %6

4%

K 5 AT G IRAL A T A P R D R 2% I <

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

1R BRE b RV UK Rl A O TR AL ORE B 3 B T SR
eFootprint A XJ 8 A Az 7 i F A7 A= iy LI VAR
i 1o e Al B PR A I A A o A e R P ER E
SO AR ARE B0 5 A 77 3 A v X AR IS PR 5 ) i ™
T B A BRI 2R 500, A5 R AR L 04 9l /b B 58 52 0 114 7
5o W75 WA T A A A T Ok B v Al R ) ) R
AN AT B R A R AT TR A BB ST, W
PRV AL AR B B R B YR DL R PR HE R O, A AR
i 1 AL LA K T 20 52 AR Xk B R ¢ A aod A ik
BRI PRI AR

SEH .

[1] W& 50, Bk 4 Fa 45 it FBR KL BF 52 [D]. B9 AR a8 B TR,
2015.

[2] BRI S, Bk 75, B 6 B V0V 48 AR € 5 ol B R R R Y ) g X
K] D EAF LR, 2012, 29(4): 27-29

[3] 5K I AT R A % S b ik 1) T2 S5 HLAE5E (D], b st E
HiL T K24 (b aT), 2015.

[4] SINGO N K, KRAMERS J D. Retreatability analysis of the Musina
copper mine tailings in South Africa: an exploratory study [J]. SN
Applied Sciences, 2020, 2(10):45-57.

[5] PIOTR R, PIOTR K, WLODZIMIERZ M, et al. The chemistry and
toxicity of discharge waters from copper mine tailing impoundment
in the valley of the Apuseni Mountains in RomanialJ]. Environmen-
tal Science and Pollution Research International, 2017, 24 (26):
21445-21458.

[6] FEWEHI, SKIE, KA, 55, M RO IR 05T 2E ()], LT
I, 2015, 3434 ) 1): 192-195.

[7] ESMAEILI J, ASLANI H, ONUAGULUCHI O. Reuse potentials of
copper mine tailings in mortar and concrete composites|J]. Journal
of Materials in Civil Engineering, 2020, 32(5): 845-857.

[8] KA. AT A7 R AR L DT FC A i (52 A1 B A HB e /K e ki 48
HEFE[D]. B #T TR 2%, 2012,

[9] B Weste, i3, F A, S5, HR W & 0 A0 I R BE - i U F
R MEEE 5 T2, 2012, 20(1): 11-15.

[10] TR 5, 28, 3G, 45, R AT 58U 0 R IR KRR (1], #1L

fRwlk, 2017, 33(1): 127-131.

[11] Hr e N R 3G R 75 Y R B B a5 )], & H0™ 0k, 2021(1):
18-31.

[12] YLV44E AR BEUR)T 2018 TLPG4E [ AR BEUR AR AR[EB/OL [2019-06-14].
http/Awwwbnrjiangxigoven/art2019/6/14/art_28781_1359365html.

[13] AT 3k, hEw 2Pk & R AT 52 (D] BIGH E TR, 2019.

[14] 22500, 0w, 8 R0 BIRER & R IRT 22 2 S )], 57 P4 5 71
H, 2015(5): 51-56.

[15] F UL, Fivm. BRI O B B ). Bk kL™, 2014
(2): 28-30.

[16] JURASCHEK M, BECKER M, THIEDE S, et al. Life cycle
assessment for the comparison of urban and non —urban
produced products[J]. Procedia CIRP, 2019, 80:405-410.

[17] BRETS. RRa254 R R H 7=l A B 25 B A [D]. IR R R,
2015. (T#% 121 ®)

http://www.cnki.net



%12 % % 3 %)

FHIRACF A S P AR Bk B BB B Y RFATWASHRAMNZ T E (2]

[15] skfgde. L3R MIRAFES 5 HAYE B X R BF5E(D]. It
AL EE TR 2014

[16] XIMEAT , ik 8, ¥ &, %5 ICP-MS ¥l 22 Mo BR AL 22 FE f b As |
Cr.Ge.V % 18 Ffd R T R W HFSE [J]. fL2F 1 A, 2006(1):
16-20.

[17] 3K 8, XU FT 5 B v SRl 5 458 88 7 1A 0 315 16 42 1) I 0 7
BRAL RS P B[] AT, 2003,22(1):21-27.

[18] TIRAK, FhGERS | 5K . L O 15 45 B 7 1A 00 3% 05 D) 2 b Bk A 27
B T IERCE Dk [J]. 28 B K%, 2008,36 (11):1571-
1574.

[19] MAY T W,WIEDMEYER R H. A table of polyatomic
interferences in ICP-MS[J]. Atomic Spectroscopy, 1998,19(5) :

150-155.

[20] SHEN C C,EDWARDS R L,CHENG H,et al. Uranium and
thorium isotopic and concentration measurements by magnetic
sector inductively coupled plasma mass
Chemical Geology, 2002,185: 165-178.

[21] T4 W2k T#, 5 ICP-AES 76 Mo J5 5 35 52 BF 5 40 07 b (1 1%
). %R S T.#2,2009,23(2) : 195-198.

[22] 5. R 13 25 0 1 IR S R S O vk A8 BR B840 B o 19 LA ]

spectrometry [J].

(&% 112 )

[18] XU Bk, EUbv, MR, 5. obv s 25 i J8 101 2 25 500 e v 57 ik
EILREARI)]. BRBER 2R, 2010, 30(10): 2136-2144.

[19] B fls, 1030, 1E 32250 v 78 2 a7 il 4 n AU TR 3 - vh 9 g ).
B A S L, 2012, 39(12): 1-3.

[20] &R 55, JEAE SR, W PCEN, 5. B &) B W 4 I TR T Bk
T M BIE T SR KR B[] A G A TR R S TR, 2020, 11(2): 34—
41.

[21] 3K25, ZHREE, 0820, 5. T A A JA I DF f ok 19 D152 %2 U 1k
IR AL 2 53 BT —— AR GE 7T A Bil[)]. #5875 % 5 B iR, 2020,
42(1): 124-128.

[22] ZE7REE. BT LCA Wi r= ol 3k R G M RGE5 W DR 5T [D]. K
e RHE PR TR, 2019.

[23] 3%, XULLHE, SBMs. 7 dh A i oS SR DR 52 3R [T, T3
HLAE Wi 75 R 45, 2014, 20(5): 1141-1148.

[24] HILAL B, ROGER P W, PIER R S, et al. Cradle-to-gate life

cycle assessment of energy systems for residential applications

(€)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

LG TG (T2 5 M), 201,47 (6): 749-752.

[23] T BT Ak Ty XM 45 et JRRRHS 45 458 188 1 A A S0 DI 1% ok 7 b A
G3 BT N BE R[] R 546K ,2016,40(5) : 999-1004.

[24] R 7R B2 B A6 2 WAL 1) 45 M L VE R AG I B AR B 58 [D]. 1 #B: b
[} 2 5 6 i F R BF 5T P, 2014,

[25] T A, A o i A — v SRR 5 5 B MR O R
HEP R[] AbF M T, 2020, 29(3): 47-50.

[26] X Ik HbBR AL 25 R G 4 BT 7 ik 565 28 S 43 - B 4k Y
DZ/T 0279.28-2016[S]. 2016.

[27] 28 [ 5, W96, 28 /N0E 4 R IR IR - R A - R T Ok
G 3 [l e 0 2 - 39 5 e A R b e AR ()], BB 5 (kA
I3, 2018, 54(4):480-483.

[28] BRI, A I ] I U | 45 - 398 4 i 41 JURI I 52 7 32k 14 ek k[,
BRAOEL 2, 2017, 45(17): 91-93.

[29] X ¥, 2= 5 R H PO I8 V4 — vl SRS £ 25 B MR R OGS v T
S 3000 A M S o v A B LR, B R 25 A R, 2020, 38
(8): 19-21.

[30] ¥4 W i Es ok B, 55w o0 W b OB & 45 B 1 AR R R
R AL B S g 36 BT (). AR, 2012, 31(5): 814-
819.

SE R — ML Ak 35 -

by accounting for scaling effects[J]. Applied Thermal Engi-
neering, 2019: 115062.

[25] Environment—Environmental Impact. Study findings on environ-
mental impact are outlined in reports from city university of
Hong Kong (Environmental Life Cycle Assessment of Textile
Bio-recycling—Valorizing Cotton—polyester Textile Waste To Pet
Fiber and Glucose Syrup)[J]. Ecology Environment & Conserva-
tion, 2020:2041-2048.

[26] BANT-, B0, FRMG, . R T A I S T A O A R T
(). s EREEERA, 2018, 38(10): 3844-3852.

[27] AL, H A o0 2 BE I AL B Bl S (D], 4R
KA, 2013.

[28] JA W A B0 3 B A A el it v S P Al 45 4 o e 1 1 o SR T
FEEL PP I A B SE[D]. BN T VIR 2%, 2020.

[29] 1 1E i, 3T 42 75 i 20 00 TR TR BE 115 A PAN 43 BT (D). Tk B2k B
R, 2017

http://www.cnki.net



