
 
 

 

APPENDIX C 
PHYSICAL LABORATORY TEST DATA 
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Conclusions: 
- Samples “ASH-BGC-TP1” through “ASH-BGC-TP3” are primarily composed of ash. 

- The samples display similar chemical composition and morphology with reference sample 

“ASH-CEC-STD”.  Material similar with reference sample “KILNDUST-GC-STD” was not 

identified in the samples within the limit of detection in samples “ASH-BGC-TP2” and “ASH-

BGC-TP3”. . Using a chemical finger print identified by XRF material similar to “KILNDUST-

GC-STD” was detected in sample “ASH-BGC-TP1”. 

 

Procurement of Samples and Analytical Overview: 

The samples for analysis (bulk) arrived at EMSL Analytical’s corporate laboratory in Westmont, NJ on 

December 11, 2008.  The package arrived in satisfactory condition with no evidence of damage to the 

contents. The samples reported herein have been analyzed using the following equipment and 

methodologies. 

Methods & Equipment: Stereomicroscopy  
Polarized Light Microscopy (PLM) 
Scanning Electron Microscopy (SEM) 
Energy Dispersive X-Ray (EDX) 
X-Ray Diffraction (XRD) 
X-Ray Fluorescence (XRF) 
 

 
Sample Preparation and Analysis: 

The samples were placed under a heat lamp for several hours until dried. The dried samples were then ground 

into a powder with a mortar and pestle and placed through a sieve to insure the appropriate particle size for 

analysis.  

For XRD analysis the fine powder was pressed into a sample holder taking care to produce a flat surface for 

analysis.  The conditions for measurement were set to run full scan 2Ө from 5 to 90 at 40 rpm.  The data was 

analyzed using Jade 6.0 XRD Pattern Processing software. 

For XRF analysis approximately 2 grams of the fine powder was placed into a three piece sample cell with a 6.0 

micron polypropylene film.  The samples were run under helium and analyzed with Bruker AXS  Spectra Plus 

Software. 
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Results and Discussion: 

 

Sample ID Analyte Concentration(%) LOD (%) Comments 
     

ASH-BGC-TP2 Ash 97 ~1 Displays similar chemical composition 
and morphology with “ASH-CEC-STD” 

 Kiln Dust <LOD ~1  
 Other 3 ~1  
     
     

ASH-BGC-TP3 Ash 98 ~1 Displays similar chemical composition 
and morphology with “ASH-CEC-STD” 

 Kiln Dust <LOD ~1  
 Other 2 ~1  
     
     

ASH-BGC-TP1 Ash 94 ~1 Displays similar chemical composition 
and morphology with “ASH-CEC-STD” 

 Kiln Dust 2-4 ~1 Small amounts with similar chemical 
compositions to “KILNDUST-GC-STD” 

 Other 1 ~1 Were detected  
     

- Reference sample “ASH-CEC-STD” is composed of aluminum silicates, quartz and calcite (as 
determined by XRD and light microscopy). 
- Reference sample “KILNDUST-GC-STD” is composed of lime, calcite, portlandite and anhydrite (as 
determined by XRD and light microscopy). 
 
Since both references have calcite in the elemental composition, the presence of calcite could not be used 
as fingerprint for identifying the presence of the references in the samples. Therefore, based on the 
elemental composition as determined by XRF, CuO (present in “KINDUST-GC-STD” but not in “ASH-
CEC-STD”) was used as a finger print for determining the presence of “KINDUST-GC-STD” in the 
samples instead. This assessment is based on the assumption that the samples and the references have 
uniform composition. 
 
The ratio of the elements was used in determining the concentration of “KILNDUST-GC-STD” in the 
samples. Copper oxide is not detected in samples “ASH-BGC-TP2” and “ASH-BGC-TP3”; therefore, it 
is assumed that “KILNDUST-GC-STD” is not present in these samples.  
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Elemental composition of the samples and the reference samples as determined by XRF (the 
concentrations were measured as elements and reported as oxides by stoichimetric calculation) 
 
      

Sample ID ASH-CEC-STD KILNDUST-GC-STD ASH-BGC-TP1 ASH-BGC-TP2 ASH-BGC-TP3 
      

Oxide Conc.  (wt%)  Conc.  (wt%) Conc.  (wt%) Conc.  (wt%) Conc.  (wt%) 
SiO2 54.3 2.48 51.4 49.5 49.6 
Al2O3 27.4 1.34 26.9 26.9 26.4 
Fe2O3 7.67 0.729 9.14 9.36 7.99 
K2O 3.60 0.774 3.72 3.34 3.37 
CaO 2.37 90.1 3.45 5.06 5.75 
TiO2 1.59 0.119 1.72 1.67 1.77 
MgO 1.20 0.823 1.29 1.25 1.16 
SO3 0.521 3.22 0.885 1.39 1.66 

Na2O 0.501 -- 0.492 0.573 0.969 
P2O5 0.194 -- 0.241 0.229 0.338 
BaO 0.180 -- 0.217 0.244 -- 
SrO 0.110 0.0510 0.154 0.215 0.139 
Cl 0.0820 0.412 0.0322 -- 0.612 

V2O5 0.0561 -- 0.0518 0.0595 0.0658 
ZrO2 0.0459 -- 0.0495 0.0475 0.0507 
MnO 0.0353 -- 0.0414 0.0409 0.0420 
Cr2O3 0.0289 -- 0.0409 0.0398 0.0444 
ZnO 0.0212 -- 0.0247 0.0298 0.0295 
Y2O3 0.0185 -- 0.0230 0.0258 0.0195 
Rb2O 0.0176 -- 0.0204 0.0180 0.0188 
Ga2O3 0.00772 -- 0.0110 0.0116 0.0112 
CuO -- 0.289 0.0508 -- -- 
NiO -- -- 0.0135 -- -- 
Br -- -- -- -- 0.00538 
C Balance Balance Balance Balance Balance 
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Figure 1: PLM images of samples “ASH-BGC-TP2” (top), 
ASH-BGC-TP3” (bottom left) and “ASH-BGC-TP1” (bottom 
right) showing the samples to be similar with reference “ASH-
CEC-STD” (see figure 2) 
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Figure 2: PLM images of the reference samples “ASH-
CEC-STD” (top) and “KILNDUST-GC-STD” (bottom) 
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Figure 3: Comparative SEM/ EDX elemental spectra of sample “ASH-BGC-TP1” (red) against “ASH-

CEC-STD” (blue) and “KILNDUST-GC-STD” (green). Sample “ASH-BGC-TP1” and “ASH-CEC-

STD” display similar compositions.  
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Figure 4: Comparative SEM/ EDX elemental spectra of sample “ASH-BGC-TP2” (red) against “ASH-

CEC-STD” (blue) and “KILNDUST-GC-STD” (green). Sample “ASH-BGC-TP2” and “ASH-CEC-

STD” display similar compositions.  
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Figure 5: Comparative SEM/ EDX elemental spectra of sample “ASH-BGC-TP3” (red) against “ASH-

CEC-STD” (blue) and “KILNDUST-GC-STD” (green). Sample “ASH-BGC-TP3” and “ASH-CEC-

STD” display similar compositions.  
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Figure 6: XRD pattern of “ASH-CEC-STD” showing the primary mineral components 
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Figure 7: XRD pattern of “KILNDUST-GC-STD” showing the primary mineral components 
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Figure 8: XRD pattern of “ASH-BGC-TP1” showing the primary mineral components 
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Figure 9: XRD pattern of “ASH-BGC-TP2” showing the primary mineral components 
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Figure 10: XRD pattern of “ASH-BGC-TP3” showing the primary mineral components 
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Descriptions & Definitions: 
 
None Detected (ND) denotes the absence of an analyte in the subsample analyzed. Trace levels of the analyte 
may be present in the sample below the limit of detection (LOD). 
 
Limit of Detection (LOD): The minimum concentration that can be theoretically achieved for a given analytical 
procedure in the absence of matrix or sample processing effects. Particle analysis is limited to a single 
occurrence of an analyte particle in the sub-sample analyzed. 
 
Concentrations for bulk samples are derived from Visual Area Estimation (VAE) unless otherwise noted. Air 
sample concentrations are calculated to particles per unit volume.  
 
VAE technique estimates the relative projected area of a certain type of particulate from a mixture of particulate 
by comparison to data derived from analysis of calibration materials having similar texture and particulate 
content.  Due to bi-dimensional nature of the measurements, in some cases the particle thickness could affect the 
results. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The results are obtained using the methods and sampling procedures as described in the report or as stated in the published standard methods, and 
are only guaranteed to the accuracy and precision consistent with the used methods and sampling procedures.  Any change in methods and sampling 
procedure may generate substantially different results.  EMSL Analytical, Inc. assumes no responsibility or liability for the manner in which the 
results are used or interpreted. 
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