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Introduction
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Materials and Methods :

xSample
@ From electric arc furnace (EAF slag )

@ From argon oxygen decarburization furnace (AOD slag)
* Elemental composition XRF
*Mineralogical composition XRD

*xTrace elements
@Cd, Cr, Cu, Ni, Pb,and Zn AR digestion—> ICP-OES
@ As and Hg AR digestion—> AFS
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Materials and Methods F

* Leaching toxicity identification

@ National leaching test of China (HJ/T 299-2007)

2:1 wiw H,SO, & HNO, solution (pH=3.20%0.05), L/S=10
@TCLP of USA

Acetate buffer solution (pH=2.88+0.05), L/S=20

*Leaching behavior characterization

@ pH-varying leaching tests
HNO, or NaOH solutions (0.1~1.5 mol/L), L/S=10

@ Availability leaching test
L/S=100, leachate pH=7-> L/S=100, leachate pH=4
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Materials and Methods ﬁ

* Sequential extraction procedure

Water soluble Distilled water 25mL Room temp.
Carbonate- 1M NaAc (HAc, pH=5) 25 mL 1h  Room temp.
bound

Fe/Mn oxide- 0.04MNH,OHA HCI| 20 mL 5h 96+3°C
bound (HAc,vIv=25%)

Organic  0.02M HNO,#30% H,0, (pH=2) 4.5mL+7.5mL 2h  85+2°C
matter-bound Z 3 0 %0,(pH=2) 4.5 mL 3h 85+°C
Z 3 . 2 IyAc(NNO,,vIv=20%) 4.5mL 0.5h Room temp.

residual AR digestion
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Materials and Methods :

* Tank test of slag-made cement products

@ Sample
®Cement A, - block: EAF
®Cement B;, ; block: AOD
®Cement A, ; block: EAF
®Cement B,, ; block: AOD
@ Method NEN 7345
®pH=4 HNO, solution
©0.25d, 1d, 2.25d, 4d, 9d, 16d, 32d, 64d
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Results and Discussion :‘
0 K e

20.7- 6.5- |2.2-59 1.1-19 2.1-49 0.8-1.0 0.6-1.00.5-1.4

slag 37.3 13.7
AOD | 30.4- 8.0- }J1.8-3.5 0.7-1.0 0.4-0.8 0.2-0.4 0.2-0.5]0.2-0.6
slag 43.1 12.7

*Major composition: Ca, Si, Mg, Al, Fe

%KEAF>AED: Fe, Mn, Cr
Refining process
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Results and Discussion

Suitable for beneficial reuse as cement or
other construction materials
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Results and Discussion F

* Heavy metal contents (mg/kq)

EAF ud 7.9-
slag 107
AOD ud 8.8-  0.25- 14.9-
slag 26.5 0.29 26.1 150

Cr>Ni>Zn>Cu>Pb
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Results and Discussion ﬁ
. Slag |As|cd| cr | cu | Hg | Ni | Pb | zn

HJ/T 299-2007 test (mg/L)
EAFslag ud ud 0.10-0.26 0.00-0.05 <0.001 ud 0.00-0.10 ud

AODslag ud ud 0.08-0.25 0.00-0.05 <0.001 ud 0.00-0.18 ud
Limitvalue 5 1 15 100 0.1 5 5 100

TCLP test (mg/L)
EAFslag ud ud 0.08-0.11 0.00-0.17 <0.001 0.00-0.22 0.00-0.19 0.00-0.33

AODslag ud ud 0.08-0.26 0.00-0.11 <0.001 ud 0.00-0.10 0.00-0.80
Limitvalue 5 1 5 - 0.2 - 5 -

Leaching toxicity u Non-hazardous
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Results and Discussion ﬁ

*Heavy metal availability (ALT test, mg/kQg)

ERCIEE
EAF ud ud 6.6-22.1 ud 2.3-88.4

slag

122-662 |12

AOD ud ud

slag

2.2-22.3 ud 8.0-19.9

? > However

lower leachate pH (pH=4) and larger liquid to
solid ratio = increasing solubility

107-215| 0§ 1.4+0.3
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Results and

Discussion
—— H__A

*Cr speciation
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Results and

——

Discussion F

*pH-dependent leaching behavior
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Results and Discussion

‘ﬂ_”

*Column leaching test
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Results and Discussion

C =G exp(-R/K)

0.7 Exponential Decay Mode
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Results and Discussion
e ——— _‘A

xComposition of cement products

Product Ca Si Mg Cr Al Fe Mn Ti S

Cement A, block 41.6 10.8 2.15 1.05 2.57 2.01 0.31 0.34 1.09
Cement A, -block 42.4 10.6 1.97 0.89 2.61 2.00 0.26 0.30 1.10
Cement B;, block 43.6 10.3 1.54 0.37 2.25 1.67 0.13 0.19 1.06

Cement B,, ;block 44.3 10.1 1.29 0.25 2.51 1.76 0.12 0.17 1.04
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Results and

Discussion :

*TCLP leaching of cement products

CementA;,; CementA,,; CementB;,,; CementB,,.
Metal block block block block
As, mg/L ud ud ud ud
Cr,mg/L 0.4780.071 0.46%0.018 0.3710.093 0.504t0.117
Cu, mg/L ud ud ud ud
Ni, mg/L ud ud ud ud
Pb, mg/L 0.0330.003 0.0320.005 0.028:0.004 0.033t0.008
Zn, mg/L ud ud ud ud
Cd, mg/L ud ud ud ud
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Results and Discussion
_TT—m— #‘A

*Cumul ati ve g mgla%andidiffugion Eoéfficient (pDefi

Cr Fe Ca Al K Na

cement
4, pD. G, pD, &, pD. G, pD. @, pD. &, pD,

Cement

ook Aws 067 169 162 19.1 8349 156 770 163 3020 11.3 2371 11.8

A,s 071 17.1 1.88 19.4 6203 159 596 16.7 2329 11.6 1625 12.4
B,: 073 165 157 19.1 4663 16.1 369 17.0 1859 11.5 1539 12.2

B,: 060 16.3 243 18.7 7434 15.8 769 16.4 3021 11.1 2296 11.8
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Conclusions and perspectives :

*Leaching concentrations of heavy metals by the
standard leaching tests were far lower than the
related limit values for hazardous waste

*The majority of heavy metals existed as stable
speciation (residual fraction)

*Cr was the major heavy metal of concern, which
was present mainly as less hazardous Cr(lll)

*The reuse or disposal of the stainless steel slags
Is feasible

*Cr(lll) oxidize? Long-term leaching risk?
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