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Ӱ оᵓӣ  

М ᵏЏ ד -- ╚ שׁ  
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ȶ  

ȶ Ӱ ҏ ἤ 

ȶ Ӱ оᶾ ӣ 

ȶ Ӱ о ӣПׁש  

ȶ  

Є  



ȶ Ḋ ֪ẔḊ ⇔ц ἤЄȳἋ ἤֻȳ ἤ
Ṿ ἤȲ֯Ϣ Ὼ҅ М Є ѹ ᾛ֮ṿӣȲ
ṤЭỮӑצẔ҃Ḋ Ҡԓ ҅ ȴ 

ȶ ֯׀ ȳ ᴆ╬ȳᵅ ἤȲֽᴶ
֯ ›Ә ≈ ϯȲ Ɫᵅ ȳᵅᴆ╬ȳ
ᾼ ᴥ ⱢԓכȲБה ᾼ ȴ 

ȶ֯ ȳ ц ֵ ҽЄ ϩϯȲ ᴥӢ
ᶾ ṳ с ₇ Ғ Ȳѿ о
ᵓӣȲ╥ Э ᾼ Є╚ ПϚȴ 

›   ṕ 



ẃ ȸhttp://www.stalkretsloppet.se 

ӢỄ  

›   ṕ 



ȶṼ2016ד ד ᾼ Ȳү ד 2,100פּ
е ȲẔМ1,300 е Ӧ ӰⱢ ᾼϚ ᵂ
ἬӢ ȲҫӦ Ɫ ᾼ Ἅ Ӣ 800
е ȴ 

ȶ֯ Ӣ ֝ Ϸ ҏ ӰȲϚ ᵂ 540פּ
е ȲẔМ Ӱּ400פ е Ȳ Ӱּ140פ е ȴ
Ἅ 150פּ е ȲẔМ о 95פּ е Ȳ

55פּ е ȴ 

ȶЄ ҏᾼ Ӱᴾ вṶ ᾬἨ ₇ ҏ П
ЄỨȲⱢ о ᵓӣṳ Ȳצ ӰП
ҏȳ ἤц оᵓӣᶾ Ȳ Ɫ Ừ
Ԛ֝ꜜ֢שׁ йᾼ ȴ 

›   ṕ 



 

Source: Kawasaki Steel 

ẃ ȸhttp://www.jfe-21st-cf.or.jp/ 

Carbon steel/ 

Stainless steel 

 



ẃ ȸhttp://www.jfe-21st-cf.or.jp/ 

Charging raw materials (kg/t) 

R
a
w

 m
a

te
ri

a
l 

Hot metal                   1,033 

Scrap                              28 

Pig iron                             4 

Burnt lime                       23 

Ferroalloy                       11 

Dolomite                           8 

Composition of hot metal 

(After pretreatment)  (mass%) 

C Si Mn P S 

4.30 0.01 0.20 0.04 0.01 

Composition molten steel 

(mass%) 

C Si Mn P S 

0.04 0.01 0.15 0.01 0.007 

Amount of slag produced 

50 kg/t 

Amount of gas collected 

101 Nm3/t 

Gas composition (Vol.%) 

CO CO2 N2 H2 

70 10~15 13 1~2 

ᶧ 

 



ẃ ȸhttp://www.jfe-21st-cf.or.jp/ 

Ἅ ᶧ 

Raw materials 

Steel scrap  

Additives: lime, 

limestone, and /or 

dolomite 

Amount of slag 

produced 

70 kg/t 
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ᵂ 

 
 
 
 

Ἅ  

( о ) 

( ) 
ᴊ 

Ӱ(Ѭ ȳ ᵐ) 

 

Ӱ 

 
 

ϡװ
LD/RH/AOD 

 

Ṟ 

 

ϡװ  

LD/RH/LI 

 

₇ 

  

Ӱ ҏ ἤ 



ӰП ҏѩẂ 

ẃ ȸhttp://www.worldsteel.org/ 

Ӱ ҏ ἤ 



Type 
Blast 

furnace slag 

Converter 

slag 

Electric arc furnace slag Andesite  

(for 

reference) 

Ordinary 

cement 
Component 

Oxidizing 

slag 

Reducing 

slag 

CaO 41.7 45.8 22.8 55.1 5.8 64.2 

SiO2 33.8 11.0 12.1 18.8 59.6 22.0 

T-Fe 0.4 17.4 29.5 0.3 3.1 3.0 

MgO 7.4 6.5 4.8 7.3 2.8 1.5 

Al2O3 13.4 1.9 6.8 16.5 17.3 5.5 

S 0.8 0.06 0.2 0.4 - 2.0 

P2O5 <0.1 1.7 0.3 0.1 - - 

MnO 0.3 5.3 7.9 1.0 0.2 - 

Andesite: ׄЍỵ 

ѡӐ ӰПо  כ

ẃ ȸhttp://www.slg.jp/ 

Ӱ ҏ ἤ 



☺ ӰПо  כ

ẃ ȸhttp://www.euroslag.com/ 

Constituent 

(wt. %) 
Blast furnace slag Steel Slag 

CaO 35 - 42 35 - 45 

SiO2 33 - 38 11 - 17 

Al 2O3 10 - 15 1 - 6 

MgO 7 - 12 2 - 9 

FeO Ò 1,0 16 - 26 

MnO Ò 1,0 2 - 6 

P2O5 - 1 - 2 

Stotal 1 - 1,5 Ò 0,2 

Cr2O3 Ò 0,1 0,5 - 2 

Ӱ ҏ ἤ 



רּ ӰП ἤ 

ẃ ȸNational Slag Association, USA 

A CBR value of 100 is the 

maximum ordinarily specified 

for the highest types of base 

courses-those directly under 

flexible pavements on heavy-

duty airfields. 

Typical chemical composition Important elements for agricultural 

purposes 

Strength characteristics of steel slag 

Ӱ ҏ ἤ 



вϚ ᵂ ӰП ἤ 

ẃ ȸ Ӱᵓӣ њҌ (2002)ȷМ ṅשׁד ᵫ 

(%) SiO2 Al2O3 CaO MgO FeO Fe2O3 P2O5 MnO TiO2 pH 

Ӱ 
33~37 13~16 

38~4

2 

5~8.

2 

0.3~0.

7 

0.2~0.

5 
0.01 

0.4~0.

7 

0.4~0.

7 
9~11.5 

Ӱ 
7~11 

1.2~2.

4 

38~4

5 
6~9 5~20 1~8 

1.8~2.

6 

2.5~4.

5 

0.4~0.

9 

11.5~12.

4 

Ӱ ӰПо  כ

Ḋ  ѩ (t/m3) ᵮѬ (%) ♠ḏ (%) ἤ ҷ (%) 

Ӱ 2.77 1.29 17.6 1.33 

щ Ӱ 2.59 1.99 32.7 2.87 

(mg/kg) Cu Zn Pb Cd Cr As Hg Cr6+ 

Ӱ ND~15 ND~200 ND~500 ND 
800~150

0 
ND ND ND 

ӰП   ᵶ  

ӰПᾬ ἤ  

ND: not detected (< 0.25~2 mg/kg) 

Ӱ ҏ ἤ 



в Ἅ ӰПо  כ

ԓ 25 Ἅ ӰПо Ԍӂᶁכ (%) 

ԓ 25 Ἅ ӰП   ᵶ ӂᶁ (mg/kg) 

* Ȳү ֮ ֢ѻ Ё М   П иȲ1992ȴ 

ẃ ȸ Ȳ Ἅ о Ȳ2011 

Ӱ ҏ ἤ 



в ӰП ҏ ἤ 

ẃ ȸ Ȳ Ἅ о  (2011) 

Ӱᵓӣ њҌ (2002) 

ԓ 25 Ἅ ӰПTCLP Ὠ 

 
Cu 

(mg/L) 

Se 

(mg/L) 

Pb 

(mg/L) 

Cd 

(mg/L) 

Cr 

(mg/L) 

As 

(mg/L) 

Hg 

(mg/L) 

Cr6+ 

(mg/L) 

Ӱ <0.1 <0.03 <0.3 <0.03 <0.1 <0.1 0.004 <0.05 

Ӱ <0.1 <0.03 <0.3 <0.03 <0.1 <0.1 <0.003 <0.05 

Ϛ ᵂ ӰПTCLP Ὠ 

TCLP: toxicity characteristic leaching procedure 

Ӱ ҏ ἤ 



ïᵓӣ ἬеᵫП  ҏ
Ѡᾎȸ ▀ ҏ ɎNIEA 

R219.10Cɏ ҏ
ɎNIEA R217.10Cɏ Ȳ

Ӱ ᴩ   ҏ ἤ
цᴍד Ϥ ȴ 

ïׁשṅ Ὠ ӱȲ ᾭɎ>40 mmɏ
Ɏ<4 mmɏ ӰП

ᴍד Ϥ Ꞌᵅὑ
ɞ∂ Ḋ ╓҆ɟП Ȳ
ӱ Ӱ ẓצ ד ἤȴ 

ẃ ȸМ ṅשׁד ᵫ 

а  

BMD 

 

(mg/m2/ 

100 yr) 

ᴍד Ϥ  (mg/m2/100 

yr) 

▀ ҏ  

ҏ  
 
╟ 

 צ
╟ 

Sb 39 NA NA NA 

As 435 NA NA NA 

Ba 6300 2885 508 0.19 

Cd 12 NA NA NA 

Cr 1500 NA NA NA 

Co 300 NA NA NA 

Cu 540 NA NA NA 

Hg 4.5 NA NA NA 

Pb 1275 NA NA NA 

Mo 150 NA NA NA 

Ni 525 NA NA NA 

Se 15 NA NA NA 

Sn 300 NA NA NA 

V 2400 NA NA NA 

Zn 2100 NA NA NA 
BMD: Building Materials Decree; NA: not available. 

ӰПᴍד Ϥ Ὠ 
ӰП  ҏ ἤ 

Ӱ ҏ ἤ 



Ӱ оӣ  

Ӱ оᶾ ӣ 

ẃ ȸhttp://www.slg.jp/ 



Slag type 
( Ӱ ) 

Sources 
(ẃ ) 

Characteristics 
( ἤ) 

Applications 
(ӣ ) 

Blast furnace slag 
( Ӱ) 

Air-cooled slag 
( ᵐ Ӱ) 

Hydraulic property 
(ẓѬо ἤ) 

Road base course 

material 
( Ḋ ) 

No alkali-aggregate 

reaction 
( Ḋч ) 

Coarse aggregate for 

concrete 
( Ё Ḋ) 

Low Na2O and K2O 
(ᵅ ȳ ᵶ ) 

Cement clinker raw 

material (replacement 

for clay) 
(Ѭᾇ ) 

Thermal insulation and 

sound absorption 

effects when made into 

a fiber 
(ẓ ȳᵮ Ὠ) 

Raw material for rock 

woo 
(ỵ )l 

Fertilizer component 

(CaO, SiO2) 
(ẓῑ  (иכ

Calcium silicate 

fertilizer 
(῁ ῑ ) 

Ӱ оѻ ӣ (Ϛ)  

ẃ ȸhttp://www.slg.jp/ 

Ӱ оᶾ ӣ 



Slag type 
( Ӱ ) 

Sources 
(ẃ ) 

Characteristics 
( ἤ) 

Applications 
(ӣ ) 

Blast furnace slag 
( Ӱ) 

Granulated slag 
(Ѭ Ӱ) 

Strong latent hydraulic property 

when finely ground 
(ẓἋ Ѭо ἤ) 

Raw material for Portland blast furnace slag 

cement 
(ᾌ Ѭᾇ ) 

Blending material for Portland cement 
(ᾌ Ѭᾇ ếḊ ) 

Concrete admixtures 
( Ё ) 

Low Na2O and K2O 
(ᵅ ȳ ᵶ ) 

Raw material for cement clinker 

(replacement for clay) 
(Ѭᾇ ) 

Latent hydraulic property 
(ẓἋ Ѭо ἤ) Material for civil engineering works, ground 

improvement material (backfill material, 

embankment material, sand compaction 

material etc.) 
(ЁЏḊ ȳ֮ Ḃṏ) 

Lightweight, large angle of internal 

friction, large water permeability 
( ȳв ṔЄȳ ѬἤṾ) 

Does not contain chlorides 
(Лᵶ оᾬ) Fine aggregate for concrete 

( Ё ) No alkali-aggregate reaction 
( Ḋч ) 

Fertilizer component (CaO, SiO2) 
(ẓῑ  (иכ

Calcium silicate fertilizer 
(῁ ῑ ) 

Soil improvement 
(Ё Ḃṏ) 

Ӱ оѻ ӣ (ϡ)  

Ӱ оᶾ ӣ 



Ӱ  үҖ101Є  

 85Є  ѡӐὙӰ Є  

Ѭ ӰП ӣ 

Ӱ оᶾ ӣ 



aɦ ԛᵓӣᾎɧן֫  A   

 

aԛᵓӣ   

 ÈѬᾇ (>> 95%) 

    Ṽ ѷꜜ Ầ (World Steel Association)ᴷ  

ḕ Ѭ Ӱẓ0.55 CO2 ȴ 

 È Ӱ ȳ֮ ҉ ȳ ҉  

 È ἤЁ Ḃṏ (BF slag pH>7)  

 È Ӱ ( Slag Wool)  
 

  ?ѿϱꞋצ ₇ о 

в Ӱ оӣ  

Ӱ оᶾ ӣ 



Ӱ оѻ ӣ (Ϛ)  
Slag type 

( Ӱ ) 

Sources 

(ẃ ) 

Characteristics 

( ἤ) 

Applications 

(ӣ ) 

Steelmaking slag 

( Ӱ) 

Converter slag 

( Ӱ), electric 

arc furnace slag 

( Ἅ Ӱ) 

Hard, wear-resistant 

( ⇔ ȳֹו ἤṾ) 

Aggregate for asphalt concrete 

( ‌ Ё Ḋ) 

Hydraulic property 

(ẓѬо ἤ) 

Base course material 

(֮ Ḋ ) 

Large angle of internal 

friction 

(в ṔЄ) 

Material for civil engineering 

works, ground improvement 

material (Material for sand 

compaction piles) 

(ЁЏḊ ȳ֮ Ḃṏ) 

FeO, CaO, 

SiO2 components 

(ѻ о  (כ

Raw material for cement 

clinker 

(Ѭᾇ ) 

Fertilizer components 

CaO, SiO2, MgO, FeO 

(ῑ  (иכ

Fertilizer and soil 

improvement 

(ῑ ȳЁ Ḃṏ ) 

ẃ ȸhttp://www.slg.jp/ 

Ӱ оᶾ ӣ 



Rock wool 

Fertilizer using 

converter slag 

Backfill materials, Port of 

Nagoya 

Marine sand 

compaction piles 

Slag has been shown to be 

an effective phosophorous 

removal media at fish 

hatcheries. 

Slag used as filter media in 

water purification.  

Steel slag has been utilized 

worldwide in waterway 

construction. 

Slag ballast for 

railroad applications 

Ӱ оѻ ӣ (ϡ)  

Ӱ оᶾ ӣ 



ñPorous asphaltò designed for 

noise reduction 

Fertilizer:  Plant 

growth with and 

without Thomas 

Lime made from 

steel slag. 
Triton Stone

Rock Bed

Triton CappingSandy/muddy Bottom

Triton Reef

Armor stone 

Restoration of seaweed beds using slag 

Seaweed beds  

Ӱ оѻ ӣ (Ϯ)  

Ӱ оᶾ ӣ 



26.21% 

24.06% 

0.10% 

6.49% 

3.85% 
2.88% 

26.65% 

4.18% 
0.15% 

0.71% 
0.04% 0.22% 

4.47% 

в֫ן( ) 

Ḋ(― ) 

/ Ẕ҃ 

֮ Ḃ 
ṏḊ  

ЏṶ 

ЁѤ ϱЏ

Cementӣ 
Concreteӣ 

ῑ /Ё  
ḂṏḊ 

∂ ӣ  ҒЏӣ  

Ẕ҃ 

(2015-Nippon Slag Association) (2015-POSCO, Korea) 

ЁѤЏ
-55.8% 

-9.6% 

  ן֫
27.8% 

Ѭᾇ-3.6% Ẕ҃-3.2% 

Ӱ оӣ ПѩẂ(Ϛ)  

Ӱ оᶾ ӣ 



(2016-CSC) (2015-Germany) 

 12.0%-ן֫

― / ֮/Ѭ 
ᵓЏ -61.8% 

в  ׀
- 4.4% 

 
-13.2% 

ῑ -8.6% 13.59% 

4.06% 

0.01% 

11.65% 

0.11% 

0.01% 

70.57% 

ҵҟо 

― ֮ 
AC Ḋ 

Ϣ Ӱ 
 

 ן֫

 
 

Ἁ  

Ӱ оӣ ПѩẂ(ϡ)  

Ӱ оᶾ ӣ 



Ӱ- AC 

ӰAC ϵוֹ ᶼ П  

щ Ӱ- AC 
92.04             

100.03ὁ  

ЄὭ ⁮╦ ӣ ӰAC

ȸ 
Å 30%ȸ ю Ὅּ1812פ ϡ о
ȷⱢ150975 Пד Ȳּפ

Ɫ4.7 Єׄ Ὥе ד ȴ 

ÅἋ ṿӣ ȸϚ ACӣὑ
ӂᶁ Ễּד1.5פȲ ד101
◕ȲṤЭṿӣּד4פȲṿӣ ᶮṏ

ֻȲБἋ 2.67 ד ȴ 

Ӱ оᵓӣП ᾓ(Ϛ)  

Ӱ оᶾ ӣ 



Yangtze port Џ  
ד1999פּ Ở 200 ӰБ оԛᵓӣὑ Џ

ȲяẔ֯ ᴫ⁮ ѩᵓ ד ᾼҖ ֮ ПZeelandעᾼ

WesterscheldeếOosterschelde ᾼYangtze port(RotterdamMaasvlakte

) ȴ  

Yangtze port Џ ( ☺ Є ṿӣ ӰП Џ ) 

Ӱ оᵓӣП ᾓ(ϡ)  

Ӱ оᶾ ӣ 



ѩᵓ Џ  
ׄ (Antwerp) ṿӣ3ד2008/2009 Ȳ∟ẃϭ ӣ10 ȷ2011ד
Deflecting wallЏ Ь ṿӣ ӰȴGhent ṿӣ1ד2005) )ȳ
Nieuwpoort ṿӣ8000ד2008) )ȳBlankenberge (2010דṿӣ4000 )ȳPuurs 

(2009ц2010֢דṿӣ6000 ц1 )ȳGhent Moervaart(2012דṿӣ1.9 )ȴ 

Antwerp Deflecting wallЏ ṿӣ Ӱ ᶮ 

Ӱ оᵓӣП ᾓ(Ϯ)  

Ӱ оᶾ ӣ 



ѡӐ ṶЏ Ḋ ӣ 

Ӱ оᵓӣП ᾓ(ҳ)  

ᴫ  М  

Ӱ оᶾ ӣ 



֮ ϯ ȳ о ֮ Ḃṏ ӣ 

  ɇӣὑ+ ֮ ᾼ о ȸ 

 Ӱ(>50%) ᵐ ӰἨѬ Ӱ ֥Ȳᶼ ṔⱢ35ïѿϱ 

ȸ +Ḋ֝דᾼ Ệ ἤȳ╟ЏἤȲ ӣᵂЁ
о ȲẔ+֮ Ệứ Ὠế╟Џ ȳ╟Џ ᾼ
ȳ ȳ֮Мᴯ ᾼ Ὠ + ╟Џ֝ד 

ɪ ӰὑЏ Ḋ П ӣׁשṅɫ 

Å֮ Џ Џᾎׁשṅ  

ÅЏ Ḋ ӣ  

Å Џ Ḋ ἤ  

Å Ӱ  -(V/Cr)ן֫ ᾎȳ /  

Å Ӱֵэ ḊоП ᶾ  

Å ӰḀạ оѬ о

ғ ӣᶾ  

Å ᾌ Ё Ѡᶾ  

Ӱ оᵓӣП ᾓ(Х)  

Ӱ оᶾ ӣ 



◦ ( ◦ Ṏ/ ◦ᾫ ) ӣ- ԓ П  

A 0.1-0.5 ton CO2 / Ӱ 
A יּ ѡӐȳ  

Ӱ оᵓӣП ᾓ(г)  

Ӱ оᶾ ӣ 



ï ӰМᵶ ⇔Пᾬ
f-CaOПҵȲӼ ᵶצf-MgOȲ
Ẓױ ᾬ ṿ Ӱẓצ

ἤȲѹ H2OếCO2

כ Ӱ Ȳ
Ɫ Ӱ оᵓӣ
ᾼѻ֪ȴ 

ïҠ щ ȳ
ȳҒ оȳ Ḃ
ᶾ ϚḔ ᵅ Ӱ

П ἤȳ ӰП
ứἤȲ ѿἷ Ẕ

оӣ ȴ 
ẃ ȸhttp://www.globalslag.com/ 

stainless steel slag 

Ӱ оᵓӣП  

Ӱ оᶾ ӣ 



в Ӱᵐ⁯ᵂ ☼ ɉ ֮ ᾎ 

פּ)
1200ʕ) ӂ
֮Ȳ ֮
8Њפּ  

Ϛװ Ѭ
ᵐ⁯ (4Њ ) 

 

ᵂ 3Њפּ)
)Ȳ ϡװ

Ѭȴᵐ⁯(12Њ
) 

 

ҏ  

М ӰҒЏ 

Ӱ оᶾ ӣ 



в Ӱᵐ⁯ᵂ ☼ ɉ Ѭᵾ ᾎ 

(1200ʕפּ)

ӂ ֮Ȳ
8Њפּ  

16Њפּ  

(Ὲ ᵐ⁯) 

 ᵐ⁯Ѭᵾ 

ҏ  ҒЏ  Ṟ ἏҒЏ  

Ӱ оᶾ ӣ 



в ӰҒЏɉМ ᵓὕ  

 

Ӱ 

< 50 mm 

(>50mm) 

 

(ʾ 50mm)  

AC  

(6иȳ3иȳ 2и) 

(<3.5mm) 
М  

 ן֫

М  ן֫

ҵ AC  

ϯ  
  

Л ᶠ
 

М  ( ן֫

ҵ ȳҵ  

о 

ги  Ϯи  ϡи   

Ӱ оᶾ ӣ 



Ѭ  Ϣᴩ  Ṟ  

в Ӱ Ḃ ∟Ϣ ӰП оᵓӣ 

 

Ӱ оᶾ ӣ 



 Ә ῂ  
   ɉ  Ӣ  
   ῂ     ♄ɉ  Ӣאַ
   ’ ɉ  Ӣ  

 

       ḟ  
   Є ᾬ     ∂ ₤ῂ   
   ֮ о     ∂ ᵅ ῂ  
   Ӱᾒᾼ░      ṿӣԛӢ  

 

 ḟ ⁄      ḟњ◕ 
   Ṯ ӑ דּ        ᶾ /  ᶾדּ’
   ѷ҅        Ḃ Ӣ♄₤ / Ṏ 
       
 
  

39 

 Ә ц ḟП  

Economic Health 

Ӕ
Environmental 

Protection 

ῂ еӂ
Social 

Responsibility 

 

Sustainable Society 

Ӱ о ӣПׁש  



40 

Ӱ о ӣПׁש  

ᾬ Пᶾ Ṇʟѿ ᾬṆ ⱢẂ 

 

 

 

 

 

 

 

 

 

ȸ¡ (о ᾬ ) П ᵅ¢ в Пׄԓἤ 
      £ П  

ѡӐ ₤ῂ П  

 



Ӱ о ӣПׁש  

41 

ɦ ᾬ╥ ᾼ ɧ ᾼ ᶾ Ҡѿ Ɫ  

Ә ╥ ᾼ Ӱ 



ᵅ Џ Ḋ Ḃ ᶾ /Ә ᾬ  
ü  ȸ Ḋ ἤ иέȲ ἤᾬ оᶾ ȴ 

ü ӣ ȸѬϩ ☼и ᶾ Ȳ Л֝ ᾬẓЛ֝ᾬо ἤȲ Ѭᵓ ☼
їᶾ ᴩи ȲҠѿ и ҏ ᾼ ḊȲ ẁׄԓЏ Ḋ Џ
Ḋ Ȳṳ и ∟ П ἤᾬ оȴ 

a. ẁ ᵅ ṮḳЏ Ḋ ȸᾇ Ḋȳ ֮Ё ȳ ᾇ ȴ 

b. ẁ ᴥ₨ӀЏ Ḋ ȸᾇ Ḋȳԏ ᵶ῁ ᴆᾇȴ 

 

42 

Ӱ о ӣПׁש  



ᵅ ṮḳЏ Ḋ ╟ᵂᶾ  
ü  ȸ ḊЏ ἤиέȳЁ оиέ ֮ Ḃṏᶾ ȴ 

ü ӣ ȸЁ о֮ Ḃṏ ȳ Ỵ ịЏ Ḋ ȳ ϩ ṶЏ ᶼ
Ёȳ֮ ϯ ᵓЏᾎȴ 

ü їᶾ ȸ 

1. ѿֵаҠ ⇔ х Пᵅ Ḋ Ȳậ҅щ Ṝ П Ё
₇ȴ 

2. ᵓӣᵅ ṮḳЏ Ḋ П֫ ᵓЏᾎȲ ӣὑὔ Ѭ П֮ ḂṏȲᵌὢ+
ἤ֮ Ё о ֮ ḛ ᾼ ȴ 

    

43 

 

 

 

 

ᾇ и Ḃ ᵅ Џ Ḋ

ֵаҠ ⇔ Ḋ
ȳ ȳ Ḋ

֮ ḂṏḊ

֫ Ḁạ ἯЏᾎ

҅+Ӱ

Ӱ о ӣПׁש  



ᴥ₨ӀЏ Ḋ  

ü  ȸỒᴏэ♂Ḋ ῶ Ḃ ᶾ ȳԏ Ҡṓԏ ᴆ╬ᾬ ᶾ ȴ 

ü ӣ ȸ Ҡṓԏԏ ӾӰ∂Ḋȳԓщ ы Ӱὰȳ Ṯѭ ἤ
∂Ḋ ȴ 

ü Ḋ оᶾ ѻ ї ᶾ ֽϯȸ 

  (1)М э иІ ᶾכ֥ ȴ 

צ(2)   - ֥Ḋ ᴞ ᶾכ֥ ȴ 

  (3)Ồᴏэ♂Ḋ ῶ Ḃ ᶾ ȴ 

  (4)ԏ Ҡṓԏ ᴆ╬ᾬ ᶾ ȴ 

  (5)MHPы ᴃ ᶾכ֥ ȴ 
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· Cu@C ·
H@C · yolk-shell M@C

increase collision frequency

Dissolved in HCl

Calcinedat 500 ʕ

P+

Bu

Bu

Bu

(CH2)-NH2

-O

\O

\NH2

\NH2

[aP4443][Lys]

sodium silicate 

solution

surfactant

Equisetum  ramosissimum

Ѥ

100 ἈC, 1 day 

Calcinedat 500 ʕ

Wash with DI water

Silica source

hydrothermal

sodium silicate 

solution

P123 + CaO2

100 ἈC, 1 day autoclave

Wash with DI 

water, dried

CaO2 particles

Nanoporous silica

Rice husk ash

Ca-ORC-x

hydrothermal

Ӱ о ӣПׁש  



Ӱ ᾬ Џ ἤ 

Ӱ Џ Ḋ  

Џ ἤ 
Å ⇔ ȸ0.21% 
Å♠ḏ Ɫ10.20%~22.42% 

ᾬ ἤ  
Åѩ ȸ3.2~3.6  
ÅᵮѬ ȸ1.49~2.20 
Å ѫ ⇔ ȸ6Ȳ ⇔ Ὼ Ӱ 

Ӱ о ӣПׁש  



Ӱ Џ Ḋ  

Å щ ѩ Ȳ ӰПѩ
ȲᵮѬ ếщ Ḋד ȳ
ц ⇔ ṷ ᵅȲ

֥ᴩ╜ еԚЏ ỗ ╟Џ
02722 ȳ02726

ȳἉ Ϛ ₤
₇ ứ( 50%)ȴ 

Å ӰП ӣ ӭ ᵂⱢ
П ￼ ȳЁѤЏ Ѡȳ

― ȳ Ё∂― ȳ ‌
Ё ḊПṿӣ ȴ 

 

 

Ӱ о ӣПׁש  



Ḋ
 

ᾇ ἯЏᾎ 

 
 
Ӱ 

щ  
0% ᾇ 

Ἧ 

10%

ᾇ 

Ἧ 

20%

ᾇ 

Ἧ 

40%

ᾇ 

Ἧ 

60%

ᾇ Ἧ 

80%

ᾇ 

Ἧ 

10щ 8.2% 
2.90

% 

4.52

% 

2.53

% 

0.59

% 

0.04

% 

35щ 
15.9

8% 

6.33

% 

7.10

% 

3.96

% 

0.46

% 

0.03

% 

50щ 
18.3

6% 

7.93

% 

7.46

% 

4.02

% 
----  ----  

ӰḊ Ḃṏ֫ ᾎП Ὠ 

Ӱ ἯḊ П֫ ϩ  
˂ 50щᾼ ὨȲ40% ᾇ+60% ӰẔӂᶁ Ѭ֫ ѩⱢ4.02%ȴ 

˂ 35щᾼ ὨȲ60% ᾇ+40% ӰẔӂᶁ Ѭ֫ ѩⱢ0.46%ȴ 

˂ ẃ ᴷȲ40% ᾇ+60% ӰḂṏ Ὠ Ṿȴ 

Ӱ Џ Ḋ  

Ӱ о ӣПׁש  



֮ϯѬѬ ▲ 
֮ϯѬ ￼ ( 2016/ 02/ 04) ▲ Ὠ_￼  

ӭ ᴯ MDL  

(105/02/04) ᾎ  

AN01 AN02 MW04 MW05 MW06 MW07 MW08 MW09  

ɎϚ ɏ 

 

Ɏϡ ɏ 

pH - - 6.7 7.4 7 7.3 6.9 6.9 7.2 7 = = 

Ѭ  ʕ - 27 25.7 26.2 25.2 26.2 27.3 26.8 22.6 = = 

⇔ ɛmho/cm - 65000 3550 17700 23100 77800 77300 15300 54900 = = 

DO mg/L - 2.9 0.4 0.9 0.6 0.7 0.4 0.7 0.5 = = 

о
ᴯ 

mV - 95 -287 -54 -112 -37 -76 -38 -33 = = 

г  mg/L 0.0046 ND ND ND ND ND ND ND ND = = 

 mg/L 0.0038 <0.010 ND ND ND ND ND ND ND = = 

 mg/L 0.0046 ND 0.38 1.05 2.24 1.97 6.56 1.08 3.94 = = 

 mg/L 0.004 0.028 0.121 2.3 0.936 3.85 1.71 0.856 3.98 = = 

 mg/L 0.0038 ND ND ND ND ND ND ND ND 0.0025 0.025 

 mg/L 0.004 ND <0.010 ND ND ND ND <0.010 ND 0.025 0.25 

 mg/L 0.004 ND ND ND <0.010 ND ND ND ND 0.5 5 

 mg/L 0.0048 ND <0.020 ND ND ND ND ND ND 0.025 0.25 

 mg/L 0.0048 <0.020 <0.020 <0.020 ND ND <0.020 <0.020 <0.020 0.05 0.5 

 mg/L 0.0005 0.032 0.031 0.019 0.058 <0.010 0.018 0.018 0.012 2.5 25 

 mg/L 0.0048 ND ND ND ND ND ND ND ND = = 

 mg/L 0.002 0.232 0.062 0.12 0.106 0.027 0.039 0.034 ND = = 

 mg/L 0.0048 ND ND ND ND ND ND ND ND = = 

 mg/L 0.0043 ND ND ND <0.020 ND ND ND ND = = 

 mg/L 0.002 0.0017 0.003 0.0064 0.0252 0.0069 0.0174 0.0116 0.0176 0.025 0.25 

ḗ mg/L 0.00025 ND ND ND ND ND ND ND ND 0.001 0.01 

Ӱ Џ Ḋ  

Ӱ о ӣПׁש  



2016/ 08/ 31֮ ϯѬ ▲ ὨȲ╟Џ›ȳ∟ ֮ϯѬ ṳ  

ӭ ᴯ MDL  

(105/08/31) ᾎ  

AN01 AN02 MW04 MW05 MW06 MW07 MW08 MW09  

ɎϚ ɏ 

 

Ɏϡ ɏ 
  

pH - - 6.5 7.1 6.9 6.9 6.9 6.9 7.4 7.2 = =   
Ѭ  ʕ - 28 28.8 28.1 25.9 29.4 29.4 28.3 28.5 = =   
⇔ ɛmho/cm - 117000 3420 23200 34200 58200 69000 10800 42300 = =   

DO mg/L - 1.8 0.9 1.1 1.6 0.6 0.7 0.6 0.5 = =   
о
ᴯ 

mV - 4 -176 -58 36 -158 -198 -192 -169 = =   

г  mg/L 0.0046 ND ND ND ND ND ND ND ND = =   
 mg/L 0.0038 ND ND ND ND ND ND ND ND = =   
 mg/L 0.0046 1.21 0.711 7.49 0.988 1.43 7.39 0.836 2.88 = =   
 mg/L 0.004 7.64 0.494 3.02 3.3 2.88 1.49 0.508 2.62 = =   
 mg/L 0.0038 ND ND ND <0.005 ND ND ND ND 0.0025 0.025   
 mg/L 0.004 ND ND <0.010 ND ND ND ND ND 0.025 0.25   
 mg/L 0.004 ND ND <0.010 ND ND ND ND ND 0.5 5   
 mg/L 0.0048 ND ND <0.020 <0.020 ND ND ND ND 0.025 0.25   
 mg/L 0.0048 ND ND <0.020 <0.020 ND ND ND ND 0.05 0.5   
 mg/L 0.0005 ND 0.011 0.062 0.026 ND ND <0.010 ND 2.5 25   
 mg/L 0.0048 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 = =   
 mg/L 0.002 0.04 0.075 0.146 0.164 0.032 0.033 0.022 0.033 = =   
 mg/L 0.0048 ND ND ND <0.020 ND ND ND ND = =   
 mg/L 0.0043 ND ND ND <0.020 ND ND ND ND = =   
 mg/L 0.002 0.0026 0.0142 0.0072 0.005 0.0073 0.0224 0.0171 0.0148 0.025 0.25   
ḗ mg/L 0.00025 ND ND ND ND ND ND ND ND 0.001 0.01   

֮ϯѬѬ ▲ Ӱ Џ Ḋ  

Ӱ о ӣПׁש  



ȶ ӰᵂⱢ֫ Ḋ ṿӣȲ֪ẓצѩ ЄȳᵮѬ ếщ Ḋד
ȳֹו ἤȲד ֥ᵂⱢ Џ ϱᾼṿӣȴ 

ȶ ӰḊ ᾼ֫ ἤЛ ᵿᾼ ӣϯȲ֯ ֥
ἤ Џ Ḋ ἤѠ ᾼ ḖȲᵂⱢ֫ Ḋ ╥ẓדצ ᾼҠ
ᴩἤȴᴟὑ ӰḊ ᾼ֫ ȲҠᵓӣ ᾇ Ӱ ἯᾎṼ
֮ ḖȲ ӣЛ֝ ѩẃ Ӱᾼ֫ Ὠȴ 

ȶ ֮Џ ֮ϯѬ Ȳ Ӧ ц∟ ииέҠכ
ẔpH Ὑ П оȲ╝ ắẞ ҵ Ӱц в
ӰП Ȳҫҵᴞ ⇔ оҠ ֮ ֮ϯѬ Мצ ѬϤ
–ᾼᾭᾓȲҠ Ё М оᾬ ắ П– ᴖ ҏὑ
Ѭ Мȴ 

ȶ֮ϯѬМ   ᵶ ֵⱢ ᾎ ҏἨ Ẕ Ȳᴖ ҏצ
ᾼ   Ɫ ȳ ȳ Ȳ Ɫ ֮Ё П ᾬ

Ἤ ȴ 

 

Њ  

Ӱ Џ Ḋ  

Ӱ о ӣПׁש  



Ḃ Ἅ ἤПׁשṅ 

Ӱ о ӣПׁש  



о   

 

EAF Slag 1260,000  T / yr  

Ἅ о ᾼ ҏ☼  

Ӱ о ӣПׁש  
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Autoclaved Test Method 

 (ASTM C151) 

200 0C / 8 bar 

2  (degrees)

10 20 30 40 50 60 70 80

In
te

n
s
it
y

C Lime, CaO                     B Brucite, (MgOH)2
Q Quartz, SiO2                 F Iron oxide, Fe2O3
M Periclase, MgO             P Portandite, Ca(OH)2      
H Hatrurite, Ca3(SiO4)O    A Coruridm, Al2O3  
W Wollastonite, CaSiO3   U Mullite, Al5.65Si0.35O9.175
CF Calcium Iron oxide, Ca4Fe14O25  C3 Calcium carbonate, CaCO3
C2F Srebrodolskite, Ca2Fe2O5
CAF Calcium Aluminum Iron oxide, Ca3(Al,Fe)2O6
C2S Calcium Silicate, Ca2SiO4
CMS Calcium Magnesium Silicate, CaMgSiO4

C

C3
C3

P

P

P

M

M
B

B

B
B

Q
Q H

A

C

W
MA

U

W

CF

CF

C2S

CMS

CMS

CAF

C2S

WF
C3

Ca(OH)2 

f-CaO 

f-MgO 

f-MgO 

Mg(OH)2 

Mg(OH)2 

ü Пѻ ד Ɫכ о ȳf-

CaOȳ о цf-MgOȴ 

ü ( )῁ ц  (CAF) ц
 (C2F)ẓ ♄ἤȴ 

 

 

ᾼ ἤЛ ứἤ 
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›∟П פ☼  (ҿ) LS  (Ң) LSG 

П ⇔ о  

ü Ἅ צ ἤЛ ứП ȴ 

ü LSПCa(OH)2цMg(OH)2 ∟ Ғ10.46 %ц7.06 % ȷLSG⁄ Ғ7.19 %ц7.59 %ȴ 

ü f-CaOцf-MgO ⱢCa(OH)2ếMg(OH)2 כ ȴ 

›∟ПXRD  (ҿ) LS  (Ң) LSG 

Ἅ ἤ -ѬᾇѬо 

2  (degrees)

10 20 30 40 50 60 70 80

In
te

n
s
it
y

OPLSG

OPLSG(A)

C Lime, Cao     M Periclase, MgO
P Portandite, Ca(OH)2    B Brucite,(MgOH)2
Q Quartz, SiO2              H Hatrurite, Ca3SiO5
CS Calicium Silicate, CaSiO4  J Jeffeite, Ca6(Si2O7)(OH)6
A Corundom, Al2O3        I Iron oxide, Fe2O3
T Tobermorite-9A, CSH   R Riversideite, CSH
MS Magnesium Silicate, MgSiO4
CSH Calcium silicate hydroxide, Ca2(SiO3)(OH) 

P

P

P

P

T

R

CSH

CSH

CSH

B

P

P

C

A M M
P
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CSH

J

2  (degrees)
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In
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OPLS

OPLS(A)

C Calcium oxide, Cao     M Periclase, MgO
P Portandite, Ca(OH)2    B Brucite,(MgOH)2
Q Quartz, SiO2              H Hatrurite, Ca3SiO5
CS Calicium Silicate, CaSiO4  J Jeffeite, Ca6(Si2O7)(OH)6
A Corundom, Al2O3        I Iron oxide, Fe2O3
T Tobermorite-9A, CSH   R Riversideite, CSH
MS Magnesium Silicate, MgSiO4
CSH Calcium silicate hydroxide, Ca2(SiO3)(OH) 
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T T
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M
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P
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Ca(OH)2 

Mg(OH)2 
Ca(OH)2 

Mg(OH)2 

Ca(OH)2 

Ca(OH)2 

Ca(OH)2 Ca(OH)2 Mg(OH)2 
Mg(OH)2 

Before 

After 

Before 

After 

f-CaO 

f-MgO f-MgO 

f-CaO 



♄оᶾ  
♄о…ᵓӣ ἤП♄о Ȳ сḊ ПϬᵂ

ἤȲ  CaOᵶ ПḊ ― ֥ᵓӣ ♄оᶾ
сẔ♄ἤȲẔ ạѻ ╥ᵓӣNa2SiO3, NaOH ♄

о Ӑṝ П ἤȲ с ⇔ѿ Ḋ ῶ П
ⱶ ῶ Ȳ  Ca2+ ҏẃ ♄о П Si Іч ᶮ
Ѭоכ ᾬȲᵛ Ӣ ♄оч ȴ 

 

♄оṆ П Ἐ  



П ⇔ о  

ü ♄оLSцLSG П ⇔ о Ꞌ ֥  

üῴ f-CaOцf-MgOᵛ ч Ȳ ♄о ᶧצ ṾПѬо  

ü ♄о ᶧẓצᵌὢ Ἅ ἤЛ ứП ϩ 

 

Ἅ ἤ - ♄о 

›∟П פ☼  (ҿ)LS  (Ң) LSG 
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›∟ПXRD  (ҿ)LS  (Ң) LSG 

2  (degrees)

10 20 30 40 50 60 70 80

In
te

n
s
it
y

AALSG

AALSG(A)

C Lime, Cao                      M Periclase, MgO          
P Portandite, Ca(OH)2       B Brucite,Mg(OH)2         

MA Magnesium Aluminum Silicate, MgAlSi1.5O6

R Riversideite, CSH        CSH Calcium silicate hydroxide 
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AALS(A)

C Lime, CaO                        M Periclase, MgO   
P Portandite, Ca(OH)2           B Brucite,(MgOH)2

R Riversideite, CSH  
CSH Calcium silicate hydroxide
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