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� Possibility of using ASARCO Slag as:

� Hot Mix Asphalt

� Portland Cement Concrete

� Embankment  (TxDOT Item 132)

� Retaining Wall Backfill (TxDOT Item 423)
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� Stabilize slag 

� to improve mechanical properties and 

� To reduce leachate of heavy metals and other elements

� 4%, 8% and 10% cement materials
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� Aggregate property testing

� Mixture design 

� Performance testing 

� Toxicology  for compliance with DMS-ll000
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Lead Slag Copper Slag
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Property Test Method Copper
Copper + 

Base
Lead

Specification

Limit

Liquid limit Tex-104-E - - - -

Plasticity 

index (PI)
Tex-106-E Non-Plastic Non-Plastic Non-Plastic ≤30

Bar linear 

shrinkage
Tex-107-E 0 0 0 -

Resistivity, 

ohm*cm
Tex-129-E 27200 32640 10200 >3000
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Material Copper + Base Lead 

Optimum Moisture 

Content, % 
6.1 3.6

Maximum Dry Density, 

pcf 
172 180

Strength at Optimum 

Moisture Content, psi 
250 10
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Material Cement Content, %
Optimum Moisture 

Content, %

Copper + base

4 6.1

8 7.1

12 8.1

Lead

4 3.6

8 4.6

12 5.6
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Property
Test 

Method

Copper 

Slag
Lead Slag

Specification 

Limits

pH Tex-128-E 8.14 8.58 5.5-10

Sulfate 

(mg/kg)
Tex-620-J

3520 4749 ≤ 200 (mg/kg)

Chloride 

(mg/kg)
472 401 ≤ 100 (mg/kg)
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Appendix 4 of the Title 30 Texas Administrative Code 335.521(d)

A.  100 g Soil sample B. 1000 ml DI water C. 10 min Shaking

D. In-situ pH , Resistivity

measurement
E. Filtering and collection of 

leachate
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Inductively Coupled Plasma 

Optical Emission 

Spectrometry (ICP-OES) 

Ion Chromatography (IC)
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Sample ID
Ag Al As Ba Be Cd Co Cr Cu Hg Mn Mo Ni Pb Sb Se Tl V Zn

µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L

DMS 11000 

limit1
120 24000 10 5565 4 5 1500 162 1300 3 1100 237 490 47 6 77 2 287 7300

4% C-1 <10 115 56 317 <2 <10 <10 12 77 <15 <5 365 <10 746 14 14 <20 <10 29

4% C-2 <10 85 47 762 <2 <10 <10 13 148 <15 <5 411 <10 2646 <10 11 <20 <10 87

8% <10 172 19 577 <2 <10 <10 <10 52 <15 <5 74 <10 452 16 <10 <20 <10 17

12% C <10 175 14 1041 <2 <10 <10 <10 105 <15 <5 45 <10 1128 20 <10 <20 <10 29

Slag <10 34 237 41 <2 2030 <10 <10 148 <15 862 97 <10 44 655 65 <20 <10 1628

Failure of DMS-11000 criteria for stabilized materials

Reporting limits greater than DMS-11000 criteria1
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Sample ID
Ag Al As Ba Be Cd Co Cr Cu Hg Mn Mo Ni Pb Sb Se Tl V Zn

µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L µg/L

DMS 11000 

limit1
120 24000 10 5565 4 5 1500 162 1300 3 1100 237 490 47 6 77 2 287 7300

4% C <10 454 <10 775 <2 <10 <10 12 56 <15 <5 85 <10 19 12 <10 <20 <10 14

8% C <10 308 <10 1077 <2 <10 <10 13 48 <15 <5 54 <10 36 <10 <10 <20 <10 12

12% C <10 279 <10 1213 <2 <10 <10 13 37 <15 <5 45 <10 38 <10 <10 <20 <10 12

Slag <10 30 266 148 <2 <10 <10 <10 27 <15 17 333 <10 <10 188 54 <20 <10 14

Failure of DMS-11000 criteria for stabilized materials

Reporting limits greater than DMS-11000 criteria
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� Lead Slag is current form is not suitable for 

embankment or backfill

� Do not comply with DMS-11000 criteria

� Low Strength and stiffness

� High Density

� Possible Technical Consideration

� Optimize gradation

� Add local on-site or quarry materials
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� Copper and base is feasible for embankment 

� With 8% cement may comply with DMS-11000 criteria

� Very Strong and stiff

� High Density

� Possible Technical Consideration

� Optimize gradation

� Further crushing

� Increase slag/base proportions

� Add local on-site or quarry materials
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� Embankment and Backfill

� Possibility of additional settlement due to higher 

density

� Potential for corrosion of  metals and 

deterioration of  concrete

� Backfill

� High Rigidity of Backfill due to high stiffness 

(especially for MSE walls)
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Questions?


