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A Study on the Greenhouse Gas Emission and Reduction Measures

of Domestic Magnesium Production Process
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ABSTRACT

In this study, greenhouse gas emission of magnesium industry was estimated and the reduction poten-

tial of the greenhouse gas emission was evaluated with reduction technologies. Default value of IPCC

guideline was used to calculate the greenhouse gas emission and SFg alternatives were considered in

reduction potential. Import of magnesium ingot was 22,806 ton in 2013, which will be expected to in-

crease to 81,700 ton with 20% rate in 2020. Magnesium ingot was consumed to produce magnesium

alloy in diecasting process. Recently, commercial production of crown magnesium and magensium plate

began. Based on ingot consumption, CO, emission of domestic magnesium industry was estimated to

504,000 ton, which is about 0.79% of domestic industrial emissions. Reduction potential of diecasting

process was estimated to 489,320 ton by changing SF¢ to alternative gases such as HFC-134a, Novec-

612. Emission factor of Tier 3 level should be developed to enhance the accuracy of greeenhouse gas

emission of magnesium industry.
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Table 1. Primary magnesium production state of overseas (Unit : thousand tons/year)
Year
Nation 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
USA 35 43 43 43 43 43 50 45 45 46
Brazil 7 6 11 6 6 18 15 16 16 16
Canada 86 50 55 54 50 16.3 2 0 0 0
China 232 354 450 470 490 625 559 501 654 661
Israel 34 30 33 28 28 29.6 32 19.4 233 30
Kazakhstan 10 14 14 20 20 21 21 21 21 21
Norway 10 0 0 0 0 0 0 0 0 0
Russia 52 45 45 45 50 37 37 37 37 37
Ukraine 0 0 0 2 2 2.5 2 2 2 2
Serbia 2 2 4 2 1 2 1.5 1.5 1.5 1.5
Malaysia 0 0 0 0 0 0 0 0 0 2
Total 468 544 655 670 690 794 719 642 799 814
(Source: International Magnesium Association)
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Fig. 1. Primary magnesium production state.

SRR

(Source: International Magnesium Association) 7¥stal Qlck. Table 20 YebdH Sh=45
Table 2. Domestic magnesium ingot consumption and SFs emissions (Unit: ton)
Year 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
Ingot yield 10,667 | 15,533 | 17,074 | 18,056 | 17,676 | 17,038 | 18,454 | 21,003 | 22,776 | 22,806
Maximum SFg
.. 59.74 86.98 95.61 101.11 98.99 95.41 103.34 117.62 128.1 127.7
€mission
Minimum SFg
.. 10.667 15.533 17.074 18.056 17.676 17.038 18.454 | 21.003 | 22.776 | 22.806
emission

(Source: Korea International Trade Association)
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Fig. 2. Magnesium die casting.
(Source: International Magnesium Association)
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Table 3. SF¢ emission factor of the United States
magnesium industry (Unit: kg SF¢/ton Mg)

Year Di.e Permanent Wrought | Anodes
casting mold
1999 2.14a 2 1 1
2000 0.72 2 1 1
2001 0.72 2 1 1
2002 0.71 2 1 1
2003 0.81 2 1 1
2004 0.81 2 1 1
2005 0.79 2 1 1
2006 0.86 2 1 1
2007 0.67 2 1 1
2008 1.15 2 1 1
2009 1.77 2 1 1
2010 2.51 2 1 1
2011 2.52 2 1 1

(Source: 2013 USA NIR)
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Table 4. Analysis of IPCC guidelines, good practice and similar cases emission factor

USA
Field IPCC IsraelD Japan?) China Good practice
NIR3) EPA%
Dolomit 513
olomite (t-COy/t-products)
Primary
Mg Magnesite )83 0.5~4
(t-COy/t-products) (kg-SFot-
- -products
SF, 7P 1.1 0.5 | producted Mg)
4.17
Die casti 232 09~ g 1.4 1.39
ie casting 1.0 (529 125 . . o
Casting (kg-SF¢/t-casting 1.0%
M Gravit magnesium)
£ vy 1.0 10.010
casting
Strip casting
Table 5. Estimation result of domestic magnesium ingot and SF¢ emissions (Unit: ton)
Year 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Ingot yield 27,367 | 32,840 | 39408 | 47,290 | 56,748 | 68,098 | 81,718 | 98,061 | 117,674 | 141,208

Maximum SFg
.. 153.26 183.91 220.69 | 264.83 317.79 381.35 457.62 549.15 658.97 790.77
emission

Minimum SFg
. 2737 32.84 39.41 47.29 56.75 68.10 81.72 98.06 117.67 141.21
emission

A4E ALEsto] uhaul4 AT Aujefo] wE SF,  HAlE o oAlEw, 2023 27k 141,208
e ST R[S AT 2013). 9 mhavlg W3t Avlet Hoh 790E9] SF7h vl
S mhadl Aol A%, 20189 Az S6,748E ol WAE A0 oiElel, 10d Foli 16%
o ulE|m, Ha S6EA A 317E0] wiEe]  FSHe ZOR Uehdth §F SE, HEF 24

1) Neve Ur 34 thol7j28 2§ 2=

2) 4& SFe AZAH] FAARE 200609 A3t 218

3) U= NIR E1A 20119 EAA=E

4) EPAOIA] 433t Tier 3 WHE A} AW vEAS =&l Qo] SF Ball&d 34eS adsten, tholiay Alx
dof wet Halehs A3 =5
Reducing greenhouse gas emissions from magnesium die casting, Bartos et al J. Cleaner Production 15 (2007) 979-987,

5) T SO5 AHESEo] SF HijEo] glouh, A Erhd 43RS H-85kSm 0.5 kg-SFe/Ton-Mg Ingoto. 2 =7%H. Glo-
bal warming impact of the magnesium produced in China using the Pidgeon process, Ramakrishnan and Koltun, Res. Conserv.
and Recycling 42 (2004) 49-64.

6) 271E A5 BRuEA S

7) 197] trolsi2® A1) wiEAlS W9 0.1~11 kg/Ton-Mgo] Ab&Ht, &qFR A9 =2 gro] HAlel 93, Good prac-
tice guideline, p221 (Giestland and Magers, 1996)

8) 1995\ MAF SFs sdF 12k 22 viiavls Aol A% wiEAs

9) 02~0.3% SFs in CO, or Air.

10) 1.7~2.0% SFs in CO, or Air.
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Table 6. Magnesium product production is used characteristic of cover gas
. OHFC-
Title SF¢ SO, HFC-134a Novec-612 CFsl
1234ze
Molecular
SFs SO, F3;CCHoF C,FsCOGsF; CF3;CHCHF CFsl
formula
Molecular mass
146 64 102 316 114 196
(g/mole)
GWP 23,900 0 1,300 1 9 0
Detention time (year) 3,200 - 140 0.014 - -
Freezing
e —63.9 —75.1 —92.5 —108 - —110
point (C)
Boiling
. —50.5 —-10 —26.2 49 —16 —22
point (C)
20°C vapor
22 3 591 0.4 0.57 0.39
pressure (bar)
Common use Common use
. The whole Almost . Common use Common use
Commercialization . (Australia, (Japan
world China (USA, 3M) (CGC, Japan) .
AMC) application)
Densit 2.0249
ensty 0.00617 0.00263 0.00425 0.00136 - "
(g/em’) (27.87°C)
Application problem - - - Diftusion Diftusion Diftusion

Table 7. Average degradation factor and emission factor of cover gas

Machine N C d diluent Average GWP-weighted composite GHG emission factor
achime o- over gas and druen degradation factor(%) (MTCO,E/ton Mg)
1 Am-cover/N, 97 0.003
1 Am-cover/CO, 83 0.018
1 SFe/air 19 30.04
2 Novec 612/CO, 49 0.006
2 SF¢/air 13 4.55
(Source: Scharfenberg et al (2007))
B8 45T, BoET WEASE HEST B AMgSLT Q] WR, SF 7paR elgt 247}
H71%t A3 Table 70| YERHITKScott Bartos, 2 HlETFO] EAIZE HaL QA e, deo| SFe
2007). o] o5t LAVIA & AL AWEu 2010U%
SFeE tiAI7FAR shof A AE Uetd =9 o &FulE, vhdle ARjlellA 308E9] 2d7kA
AR T, 42 5ol Atk T=9 A vk wiERE Bl SFe ks ARSE A4k tiAlvL

ey

ALY TEe

H3I7IA24 SE7F oFd SO,

& AR, HARS A 5o WS $3ke] SFedl
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Table 8. Economic evaluation of alternative gas
G Concentration Flow rate Consumption Cost Ratio Royalty
as
(ppmV) (SLPM) (kg/hr) (won/kg) (won/hr) agent/SFs estimation
SFs 2,000 20 0.01406 30,422 428
HFC-134a 2,000 20 0.00998 15,211 152 0.3 1.00
SO, 16,000 20 0.00499 3,744 19 0.4 0.40
Novec 612 250 40 0.00771 46,803 361 0.8 0.80

Ot 247k HiEEo] 20110 191ECR &
A7pa7E wiERe] Fashs & Eletglt

9] o|zetllof A mh1vlg AIFS A 3
oz §9 Hovtaz AMHE SKRE A
HFC-134a2 uLA|8}o] oF 93% 7=a s A
AAek o} 13} vhvle Aabe] 4n] == SF
£ fiA7t2 SO,, HFC-134a, Novec-612 5.2 T
Hgteh SFy wl&af ARFavte] e 247k v

p

Ay ot mo [

aRdon sads @2
A5 A2 45 wE

Table 8o LRSIt Kgg 7142 SFe7k 30,422
Hog 7Y = UebaL, SOt 3,744 02 7}
A debeth A AR EE B8-S Hlast
9e W= SFIF 428908 71 =AUt
SO,7} 19902 7 WA vl 2F 7FA' A
S5 TR FFY AolR Iste] AR 48
)= u|go] zjo|7t kg 7HAA R 24 Vet
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Fig. 3. Flow chart of thixomolding.
(Source: Czerwinski (2007))
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