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Life cycle assessment and energy consumption analysis of regeneration process of used magnesia carbon bricks
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Abstract: Based on the life cycle assessment (LCA) method, the resource/energy consumption, pollutant emission and
environmental impact potential of used magnesia carbon bricks are quantified. The add proportion of used brick as raw
material is controlled at 70%, and fused magnesia and graphite are used as ingredients. The results show that the global
warming(GWP) is the largest in the production of 1 ton of recycled magnesia carbon bricks, which is 1.45x10°kg CO, eq.,
and the potential values of mineral resource depletion (SOP), fossil energy depletion (FFP) and human non-carcinogenic
toxicity (HTPnc) are large, which are 7.20x10’kg Cu eq., 3.49x10’%kg oil eq. and 2.94x10°kg 1,4-DCB eq., respectively.
After normalization, the total environmental impact is 3.12, and the impact of HTPnc with the largest relative damage
is mainly caused by the large power demand in the production process. The production unit processes with the greatest
relative damage are the production stage of fused magnesia and flake graphite, contributing 1.76, followed by raw
material processing and raw material recycling, contributing 1.01 and 0.12, respectively. Blank preparation, heat treatment
and finished product processing only contribute a small amount of environmental impact.

Key words: used magnesia carbon bricks; recycling and utilization; energy consumption; environmental impact
assessment
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Fig.1 Recycling process of used refractory materials
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Tab.1 Recycled material addition ratios of

different bricks
A% FAERMINA B (%)
R ki 70~85
R R B 70~80
i Nkl 75~93
Wi 4P P AR B e 80~92
rh i Ok 70~90

A A I HAPE (life cycle assessment, LCA) F&Xf—4~7*
i R e A o SRV R A R T A PR e P TR A
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Tab.2 Life cycle list of recycled magnesia—carbon brick
AT Eﬁgﬂjﬂ — A IREE A -
j B A JEEIN T EZNEN RS Hab g BN T

HETE kg 1.17E+03 — — — — _

AR R kg — — 7.00E+02 — — —

HUR B kg — — 2.30E+02 — - -

P A 58 47 A kg — — 4.00E+01 — — —

WA A kg — — 3.50E+01 — — —

it kg — — 5.00E+00 — — —

K m’ 1.26E+00 — — — — —
JARE kg 2.47E+01 4.15E+02 6.74E+01 1.31E+01 1.53E+01 1.31E+01
e A KRR m’ 1.65E-01 4.06E+00 1.14E+00 8.72E-02 2.30E+01 8.72E-02
Jih kg 4.05E-01 1.30E+01 1.13E+00 2.15E-01 1.27E+00 2.15E-01
RErET kgce 6.47E+00 1.63E+02 2.84E+01 3.43E+00 2.81E+01 3.43E+00
7 BERKTE t — — — — — 1.00E+00
Co, kg 433E+01 1.00E+03 1.51E+02 2.30E+01 7.93E+01 2.30E+01
CH, kg 5.76E-04 1.13E-02 1.93E-01 3.05E-04 7.57E-04 3.05E-04
N, kg 7.95E-04 1.36E-02 1.50E-03 421E-04 5.43E-04 4.21E-04
Co kg 6.10E-02 1.06E+00 1.68E+00 3.23E-02 5.98E-02 3.23E-02
S0, kg 2.94E-01 4.87E+00 9.02E-01 1.56E-01 1.88E-01 1.56E-01
NOX kg 2.00E-01 3.45E+00 7.27E-01 1.06E-01 1.77E-01 1.06E-01
NMVOC kg 1.60E-03 4.58E-02 1.44E-02 8.46E-04 1.38E-02 8.46E-04
2 HE) PM kg 1.64E-02 3.14E-01 3.10E-02 8.69E-03 1.28E6-02 8.69E-03
As kg 8.20E-05 1.35E-03 1.55E-04 4.34E-05 5.03E-05 4.34E-05
cd kg 5.22E-07 8.85E-06 9.87E-07 2.76E-07 3.20E-07 2.76E-07
Cr kg 6.92E-06 1.16E-04 1.31E-05 3.67E-06 4.25E-06 3.67E-06
Hg kg 3.60E-06 6.04E-05 6.81E-06 1.91E-06 2.43E-06 1.91E-06
Ni kg 1.03E-05 1.71E-04 1.94E-05 5.44E-06 6.30E-06 5.44E-06
Pb kg 7.19E-05 1.20E-03 1.36E-04 3.81E-05 4.41E-05 3.81E-05
\% kg 1.18E-04 1.94E-03 2.24E-04 6.26E-05 7.24E-05 6.26E-05
Zn kg 9.85E-05 1.65E-03 1.86E-04 5.22E-05 6.07E-05 5.22E-05
WAAHER kg 3.05E-03 6.46E+02 7.48E-01 1.62E-03 1.87E-03 1.62E-03
14 5% 754 kg 3.05E+01 3.12E+03 5.75E+01 2.74E+00 3.17E+00 2.74E+00
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Tab.3 Environment impact types and units of recycled magnesia—carbon bricks life cycle assessment

IS v A e SIE TN R Wyt
ERAFRIEHE (Global Warming) kg CO, eq CO,, CH,, N,O %
oAb 2ZF M55 % A3 3 (Ozone formation, Human health) kg NOx eq NOx %
WUki ) J%i A= 1Y, (Fine particulate matter formation depletion) kg PM2.5 eq SOx, PM %
Fifi iR 1k (Terrestrial acidification) kg SO, eq NOx, SO,, NH, 4§
MEAEEUE R (Human noncarcinogenic toxicity) kg 1,4-DCB eq B4 JEZE (As, Cd 55 )
B R B (Mineral resource scarcity) kg Cueq ZEEENT . M ERAE
A BETRIEAE (Fossil resource scarcity) kg oil eq JEAE TR RIRR

B3 SRR SHE
Fig.3 Energy consumption distribution map of magnesia—
carbon brick production
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Fig.4 Energy consumption distribution map of recycled

magnesia—carbon brick production
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2.2.1 LCAFIEAL 2

P AE AL 2 R T T 5 LC AR B 5 i 26 B 4 i 7, 4 AF
fREs RnER 4R, A, S SERhG 1 AR T2 A 1
77 i B GWP PR 58 52 1 4y 1449.53kg CO, eq, i1 1L kLR
PR B TR B K, 5 S GWP I 69.58%, 5 i T HL
BERD A 7 REAE MR BEN A R R B FLUCR SRR TR B,
i HE 18.74% ;5 BALERRY B 7 HE IR AR 8 bR T
W, FEPIRESSLN A 347.63kg oil eq, BRECHH: 7 5 LK IH
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Fig.5 Contribution of each unit process
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Fig.6 Contribution of various types of environment impacts
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Tab.4 LCA characterization results
RN X JEURRA: o JEOR T BN ENGIRS Ak B AN L ST
GWP kg CO, eq 4.36E+01 1.01E+03 2.72E+02 2.31E+01 7.94E+01 2.31E+01 1.45E+03
HOFP kg NOX eq 2.00E-01 3.46E+00 9.55E-01 1.06E-01 1.80E-01 1.06E-01 5.01E+00
PMFP kg PM2.5 eq 1.24E-01 2.11E+00 1.39E+00 6.55E-02 8.67E-02 6.55E-02 3.84E+00
AP kg SO, eq 3.66E-01 6.12E+00 1.43E+00 1.94E-01 2.52E-01 1.94E-01 8.55E+00
HTPnc kg 1,4-DCB 1.13E+01 1.53E+02 1.11E+02 6.01E+00 6.56E+00 6.01E+00 2.94E+02
SOP kg Cueq 0.00E+00 7.30E+02 4.88E-01 0.00E+00 0.00E+00 0.00E+00 7.30E+02
FFP kg oil eq 1.09E+01 1.98E+02 1.00E+02 5.79E+00 2.70E+01 5.79E+00 3.48E+02
®5 EwAHE-UER
Tab.5 LCA normalized results
RN JEORRA: BOERA JEORHI T A% ik A ) I ST

GWP 5.46E-03 1.26E-01 3.40E-02 2.89E-03 9.94E-03 2.89E-03 1.81E-01

HOFP 9.73E-03 1.68E-01 4.64E-02 5.15E-03 8.73E-03 5.15E-03 2.43E-01

PMFP 4.84E-03 8.25E-02 5.44E-02 2.56E-03 3.39E-03 2.56E-03 1.50E-01

AP 8.93E-03 1.49E-01 3.49E-02 4.73E-03 6.14E-03 4.73E-03 2.09E-01

HTPnc 7.62E-02 1.03E+00 7.43E-01 4.03E-02 4.40E-02 4.03E-02 1.97E+00

SOP 0.00E+00 6.40E-03 4.07E-06 0.00E+00 0.00E+00 0.00E+00 6.41E-03

FFP 1.11E-02 2.02E-01 1.02E-01 5.91E-03 2.75E-02 5.91E-03 3.55E-01

S F L 6 vl A0, 5T T b I 1 T2 % 4 2R IR IR
i i K 2]/ HHTPne, FFP, HOTP, AP, GWP, PMFP,
SOP, X EMA IR 7 faf TR 535010 63.28% . 11.37% . 7.81% .
6.69% . 5.82% . 4.82%F0.21% . 1EHA =0 6 4~ Pttt
o, IRZRA S R B MK YO BB 7 L JFUEIN T | J&
AR P AR BRI T AR 43 AR TR
IREERANA 1Y 56.58% .32.54% ,3.73% .3.20% . 1.96% F111.96%
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Fig.7 Comparison of normalized results at each unit process
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Tab.6 The environmental impact of producing 1t electrofused magnesia
LS GWP HOFP PMFP AP HTPnc SOP FFP
FFIEAE 3.42E+03 1.0SE+01 6.51E+00 1.92E+01 5.95E+02 1.90E+03 5.74E+02
H—fk  4.28E-01 5.11E-01 2.55E-01 4.69E-01 3.99E+00 1.59E-02 5.86E-01

FE, PR  fs A 2 FRAR S A e 16 T A i DA T 22
e JRAR , DRI, X FH I e A 1 BE 9 49F 57 i 250 707 B 2 401
GUE | Y o8
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EER TR AR HIA LA . PR il 31 f
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PR AR H AT SRR B R HE R A B . B B
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BT HM T SARIEAC51.75%, TEARZ IR T 2 E 241
1O T KIEREAR T REURTHAE

2) & i FH G B TG A 7= 1 R R i 110 A= i ) 403 o
FEEAT ISR R0 S AT, A8 FLS BERRAL B AR T AW FE | hE
TH B ) SR L AT RERE AT L BREE R ARAE AL AT — 1k
SN, B IREM, R T A4 SRR RIS E IR, Ak
1449.53kg CO, eq, . Zoid fIH—fb )5 BRI BN 3.12.

3) R BERRTE P2 T 2000 6 4 A 7= BT 7 (R 3R 85 £
A AR B/ IR 2 BB A= 77 > JEUR} N T > JEUk A= 7 > Ak
B> SN T =30k 25 . BIVEAE LLE RS N JRURHI T2,
DR (R R BE D ()AL T AR I H DR AR 24 —EB 43 FR R R

SE LAk

[1] R, BRI B & B A KA R G R
[D]. #e.ly 5T FHHE K 52,2012.

[2] 23, %2, 51, M) A G EBRA K AH A4
) A BAT o HT[)]. L4 %,2015,37(03):50-54.

[3] YB/T 4858-2020, Jf) J& it K A4+ el M) A H AR ALTE
[S].

[4] & AR, B bk A Bk 5. G Akt KA 09
FURAAFRILK[I]. &K 5 B & ,2020,45(06):26-29+34.

[5] sk#eA) A2 K2, % B 3. R E ORI IKRE X
JE[C)//2021 54 B & KR A5 K 3k A8 48 ,2021:220~
228.

[6] F& 3. Ao B IEMN 5 A AR EIGE[M]. 4L
TP B A R RAE, B B AR AR B RAE, 2014,

[7] ISO 14040:2006, Supersedes EN ISO 14041:1998,
EN ISO 14042:2000, EN ISO 14043:2000, EN ISO 14040-
2006, Environmental management — Life cycle assessment —
Principles and framework[S].

54

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

[8] A KAt AH47 AL S AH [N]. & B AR ,2015-01-
09.

[9] Btk & 2w Anitahed £ 4 )8 IEM (D] R
b Tk K 52,2018.

[10] 5 PR 2. A kAT 0d £ 48 B3R [D]. K-
7w Tk K 5,2013.

[11] Ecoinvent Database[DB/OL]. http://www.
ecoinvent. org/database/database.

[12] Material Environmental Load Database -
Sinocenter[ DB/OL]. http://cnmlca. bjut. edu. cn.

[13] GB/T 2589-2020, % A~ #¢ 463+ JL38 W [S].

[14] 2R, FR . P B a KA L LK &0 Rk 5 R
[J]. & KA4H,2013,47(05):321-328.

[15] &%, A& A BALA T 69850 ah KB = 37 4
WA BAIN[CY/2019 ¥ BRI AH F F LR FHAF S
WL (5 —#4),2019:348-351.

http://www.cnki.net



