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Environmental benefit of copper tailings resource utilization based on life cycle
assessment: A case study of autoclaved bricks production
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Abstract: More than 15 million tons of copper tailings are produced in China each year, and the continuous stock-
piling of them will cause serious environmental harm, while the recycling treatment can usually make full use of the
resources in the copper tailings and reduce the environmental harm to some extents. This article analyzes the envi-
ronmental impacts of the process of making autoclaved bricks from copper tailings and by-product copper concen-
trate, iron concentrate and dense medium by life cycle assessment method. The results show that the most important
environmental impact of the technical scheme is human toxicity (33 886 kg 1, 4-DCB eq./1 000 tons of recycled
copper tailings) . The environmental load of cement production stage is the highest, and it has the highest contribu-
tion among the seven environmental impact categories. The most significant contribution of the key substance is nitro-
gen oxide, which contributes 94.1%, 42.0% and 24.3% to eutrophication, acidification and photochemical pollution
respectively. Considering the offset of the products of autoclaved bricks and the by-products of copper concentrate,
iron concentrate and dense medium, the recycling of copper tailings can achieve obvious environmental benefits.
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Fig. 1 The technical processes of recycling of copper tailings

in this study
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Fig. 2 The system boundary of this study
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Table 1 Material and energy input and output list

of copper tailings recycling site

Sl FFR How
— KA i 1 000 t
K 249.06 t
Ak 193.00 kg
AR 63.33 kg
TR 24.25 kg
Lo kRSN 72.75 kg
Yk IR e 727 ke
T 32.73 kg
L 10 635.76 kWh
5 117.27
KU 174.66 t
i 480.30 t
KGR Uk 12.76 kg
[#5] % b B AL J% ek 193.00 kg
& A BAL JEW it 1.54 kg
HE - 230t
Al AT 96.67 t
Bk 100.53 t
77 FHIER; 1 440.91 t
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Table 2 Life cycle inventories

2551 L/ B
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A 407
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AR 322

AR 229
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Table 3 The results of life cycle impact assessment of recycling of 1 000 t copper tailings

A FROEAAA A FROEALAE Frifefk 5+ FrifEfefE
SR TR IRAEE kg 46 M & 0.346 2.77%x107° 9.57x1071°
A TR IR AR MJ 1.40%x10° 2.63x1071 3.69x107°

Rk kg ALY & 4.85%102 4.18x107"2 2.03x107°
wER kg BEFRAR X & 56.3 6.33x10712 3.56x1071°
WK kg 1,4- 50K it 5.61x102 4.24x107"3 2.38x1071°
ABRAR W VB kg A LAY &= 2.37x10° 2.37x107 " 5.62x107°
N kg 1,4-"5R Y H 3.39x10* 3.88x107 18 1.31x1078
S 2R kg — I =AY 5 1.72x107° 4.41x107° 7.58x107!8
Ttk EiE g kg 2025 46.8 2.72x107" 1.27x107°
Witz A A B kg 1,4- " G7R M 6.21x10? 9.17x10713 5.70x1071°

P30 BEEAL 1000 WS 2 ik 14 A= i SR DI S I DEA
PrifEfb s R
Fig. 3 The normalized results of life cycle impact assessment
of recycling of 1 000 t copper tailings
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LG, AT DA 38~ A i ) 400 P9 3 E 1 Do A 8 R A HE
JECR T e A TR T A X 45 SR B B i ) BT
Wk, PR O SR B, AR DT R Ak 4R
H#t25% (Heinrich, 2010) , ASCRH GaBi 10.5
Xt S R T A AN TS Y M HE ) TR AT T AT

B4 A i BT A A 0] A 52 A B RH OGS BTk

Fig. 4 Relative contributions of the various processes to each impact of copper tailings recycling
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ZERE S s,

SITES RN, X T e JE AR W E IR L
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90.8% ; A AMYHEHO & BRI Tk K, ~52.9
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Fig. 5 Relative contributions of the various substances to each impact of copper tailings recycling
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204 401 MJ, i bik%) 81.0% 1 14.6% ; —EAbkiHE
) 23 SRR AR HE TR s SO R AR 1 BT R
274 kg SAALH A 204 kg RALRL S, (S
435K 56.6%F1 42.0% ; R114 HEFCFISR 4 HE O
AR TIIN 1.23x107° kg — 3 =40 P 5824
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23R B HE R 23 SRR HE L B 2 AR R T ROk
I35k 278 kg 1,4- A Y HE 178 kg 1,4- 5K
MR 68 kg 1,4- 58 1, DR 4 L 44.8% \28.
7%H110.9%

gi EnTn, AEEARY RO 3 R 28 ) LA
W DTk, AR R AP O 79 o 522 o 24
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2.4 HEMSH
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Fig. 6 Sensitivity analysis of dominant contributors
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PAREARRS .66 %0 1) AR NARBEPERZ IR, Fr L AL 5 %
KA R TOUAL , FEARIK Y8 A 7 i 7 o #58
(Y BE A
2.5 SYELRYFE IR RN R B IR R 5

A= fii JEU SR Ff R %, ARAE GaBi K 2 L K
ecoinvent AEUIEHEAT - BT, W LIS BIfL G048 )™
FEET G NG FA 5T LA T TR i Y
A RPN A5 2R, I3k 4 FR

ARG A AR TR, FEIRILAbBE 26 T7 iy
— WA, LIS 37.5 i ZE R, 15 5]
600 WA HREH™ 2.6 J7 W RE B LA B 2.5 J7 Wi
HAT, BITRAR BN IREE R W 4> FL 5 4 Fho™= 524
et B Ay P T R A, RICRE R R i
FEEAE B BEIR 52 ) 43 B0 1) 28 Fehl op, T4 R i e
TR PR S M I e A L 3 BRI S g
EE % e T b A e e e = 5 N~ AW
(R SEIAAHDE, T LAAS 3 A 77 45 A i 8 B AR R 4 4K
75 DA IRAR AL FE 1 000 MR B 7 Y s R R IR B AL
%5, WRWNES FiR,

THEZERE R, FHEALAL R 1 000 M 2 it A
FEARTERE T 56, AUANBEIMIRES f 4, iR RE I
T IR BT AL 25, ALFE R T 4 JE BT IR ARV 853
ke 6245 b IR 7.39x10° MJ R 1k 2.48x
10° kg —AARBR Y 5 B E TR 624 kg BERRAE i |

R4 EREFBRETACERATSREE - RNESEAHREZD

Table 4 The life cycle environmental impacts of substitute products and by-products under traditional

production routes

el E:Eivd AP 1 kg NS R 771 kg HAET R kg AR AR 1 kg Tl TR EE 6%
4 IR BERAE S kg B & 1.07x107* 1.28x107° 6.61x1077 5.92x107*
@y gy MJ 27.8 0.36 73.1 1.13
17414 kg ALY & 1.36x1072 3.63x107* 2.09x1072 6.11x107*
wHER kg BERRAR XY & 0.106 7.65%1073 2.03x107? 1.62x107*
WK kg 1,4- "G M5 26.2 7.87x1073 9.83x107? 2.61x1072
LERAR I VR B kg AR LRR Y 1.93 2.91x1072 11.1 0.181
AR kg 1,4- G0k M5 1.51 1.19x1072 0.981 4.67x1072
A Z IR kg — W = FH B Y 5 1.12x1077 2.43%x107° 5.89x107" 8.23x107°
Hefbiiis g kg J R 3.26x107* 7.98x107° 2.44x107° 2.52x107°
Rifi A= RS TP kg 1,4- 50K S 4.73%x107* 4.80x107° 6.80x107 4.32x107*
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Table 5 The alternative environmental benefits of recycling of copper tailings in this study

PERALALBE 1 000 t

25 iR iv2 PR kg BREET AR kg HHERT PR kg AR AT 1 kg 2E)ERE e
HPE=Yic
&R IR AL kg Bh Y4 i 1.07x10™* 1.14x107° 5.24x1077 5.92x107* 8.53x10?
Al G AE MJ 27.6 0.174 72.9 0.179 7.39%10°
Rk kg LB Y i 1.35x1072 3.10x107* 2.08x1072 2.81x107* 2.48x10°
wERE kg BERRAR 24 5 0.106 7.09x1073 2.02x1073 1.24x107* 6.24x10?
RAKAESFHNE kgl 4-—HHFEYE 26.2 7.54%107° 9.49x1073 2.57x1072 9.91x10*
R kg AR Y & 1.91 1.17x1072 11.1 1.91x1072 1.10x10°
NRTEE kg 1,4- YR 1.50 7.88x107 0.977 2.37x1072 1.33x10°
HEJZER kg —W=E TSR 1.12x1077 2.43%107° 5.15x107" 8.23x107° 1.24x1072
A5 e kg £t 3.20x107* 1.83x107° 2.43x1073 -6.44x107° 2.27x102
FliE R STE kg 1,4- 5 Y HE 4.39%x107 -2.94x107 6.77x1073 6.30x107° 6.61x10?
WAKAESTENE 9.91x10% kg 1,4- 5N E | 28k
SRV 1.10x10° kg A b Y AfR#EPEL.33  References
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S B B Bk TG YL 227 kg £ 24 BRI
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