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Client:  CH2M Hill Plateau Remediation Company 
SDG:  624420 
SwRI Project Number:  20859.01.00X 
SwRI Task Order Number(s):  171207-7 
 
 
Unknown Material Analysis 
 
The crystalline material found on the Redox Green Paper (B3FXN1) and within the Redox Crystals 
(B3FXN7) were to analyzed using EDS-SEM and XRD.  
 
SwRI System ID  Sample ID Sample Description 
624420 B3FXN1 Redox Green Paper 
624421 B3FXN4 Paper (for background) 
624422 B3FXN7 Redox Crystals  
  
EDS-SEM 
 
Energy dispersive spectrometry x-ray fluorescence by scanning electron microscope (EDS/SEM) 
identifies elemental composition at a 10 to 100 micron depth. The EDS spectrograms and 
quantitation reports are presented in Figures 1-5.  Please note that the quantitation only includes 
elements of atomic numbers greater than 11 (sodium and higher) and is normalized to 100%.  
Although the spectrograms may contain peaks for carbon, nitrogen and oxygen, their atomic 
numbers are less than 11, and therefore not quantified.  Optical and SEM photomicrographs inlays 
are also presented in the EDS report to identiry were measurements were taken.  The larger 
photomicrographs are presented in Images 1-6 for reference.  The backscatter SEM 
photomicrographs were obtained for the residue located on the Redox Green Paper and are shown in 
Images 5 and 6.  The backscattered electrons are those 'reflected' from the surface atoms, and the 
intensities of the image proportional to atomic number of the elements in the sample.  Thus, 
‘brighter’ areas indicate a higher element with higher atomic numbers.   
 
Figure 1.  Silver side of the background paper (B3FXN4):  primarily aluminum. 
 
Figure 2.  Green material on Redox Green Paper (B3FXN1):  magnesium, sulfur, chloride, sodium, 
potassium and calcium 
 
Figure 3.  White material on Redox Green Paper (B3FXN):  primarily sodium and chloride. 
 
Figure 4.  Bright spheres identified by backscatter SEM on Redox Green Paper (B3FXN):  primarily 
antimony. 
 
Figure 5. Crystalline material located in Redox Crystals (B3FXN7):  Primarily calcium, sulfur, 
sodium and magnesium.  
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Client:  CH2M Hill Plateau Remediation Company 
SDG:  624420 
SwRI Project Number:  20859.01.00X 
SwRI Task Order Number(s):  171207-7 
 
 
XRD 
 
The solid residue removed from the Redox Green Paper and the crystalline material in the Redox 
Crystals sample were also analyzed by X-ray Diffraction (XRD) to determine the chemical form of 
the major species in the sample using a random orientated mount.  Each crystalline component phase 
in an unknown specimen produces its own powder diffraction pattern.  By comparing the diffraction 
peak positions and intensities of the unknown material against a library of known crystalline 
materials, it is possible to identify the crystalline components in the unknown.   The XRD 
diffratograms are presented in Figure 7 and 8.  
 
Figure 7.  Solid material removed from the Redox Green Paper (B3FXN1):  Primarily magnesium 
sulfate hydrate, sodium sulfate and sodium chloride 
 
Figure 8.  Redox Crystals (B3FXN7):  Primarily calcium carbonate (Calcite) with moderate amount 
of sodium sulfate and sodium chloride. 
 

 
Image 1.  Optical photomicrograph of residue on Redox Green Paper (B3FXN1) 
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Client:  CH2M Hill Plateau Remediation Company 
SDG:  624420 
SwRI Project Number:  20859.01.00X 
SwRI Task Order Number(s):  171207-7 
 
 

 
Image 2.  Optical photomicrograph of residue on Redox Green Paper (B3FXN1 – higher 
magnification 
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Client:  CH2M Hill Plateau Remediation Company 
SDG:  624420 
SwRI Project Number:  20859.01.00X 
SwRI Task Order Number(s):  171207-7 
 
 

 
Image 3.  Optical photomicrograph of Redox Crystal sample (B3FXN7) 
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Client:  CH2M Hill Plateau Remediation Company 
SDG:  624420 
SwRI Project Number:  20859.01.00X 
SwRI Task Order Number(s):  171207-7 
 
 

 
Image 4.  Optical photomicrograph of Redox Crystal sample (B3FXN7) – higher magnification 
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Client:  CH2M Hill Plateau Remediation Company 
SDG:  624420 
SwRI Project Number:  20859.01.00X 
SwRI Task Order Number(s):  171207-7 
 
 

 
Image 5.  Backscatter SEM photomicrograph of residue on Redox Green Paper (B3FXN1) 
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Client:  CH2M Hill Plateau Remediation Company 
SDG:  624420 
SwRI Project Number:  20859.01.00X 
SwRI Task Order Number(s):  171207-7 
 
 

 
Image 6.  Backscatter SEM photomicrograph of residue on Redox Green Paper (B3FXN1) – 
higher magnification 
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Client:  CH2M Hill Plateau Remediation Company 
SDG:  624420 
SwRI Project Number:  20859.01.00X 
SwRI Task Order Number(s):  171207-7 
 
 
“I certify that this data package is in compliance with the terms and conditions of the contract, 
both technically and for completeness, for other than the conditions detailed above.  Release of 
the data contained in this hardcopy data package and in the computer-readable data 
submitted on diskette has been authorized by the laboratory manager or his/her designee, as 
verified by the following signature.  This report shall not be reproduced except in full without 
the written approval of SwRI." 

                                              __  __12/21/17                              __        
Principal Scientist      Date 
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Elt. Line Intensity 
(c/s) 

Atomic 
% 

Conc Units 

Al Ka 7,167.45 99.83 99.64 wt.% 
Fe Ka 7.86 0.17 0.36 wt.% 

100.00 100.00 wt.% Total 

kV  20.0 
Takeoff Angle  23.0° 
Elapsed Livetime 300.0 

Figure 1.  EDS results for B3FXN4 (paper background - silver side) 
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Elt. Line Intensity 
(c/s) 

Atomic 
% 

Conc Units 

Na Ka 61.18 8.91 7.30 wt.% 
Mg Ka 363.88 41.73 36.14 wt.% 
Al Ka 84.46 13.94 13.40 wt.% 
Si Ka 29.46 4.29 4.30 wt.% 
S Ka 135.71 12.66 14.47 wt.% 
Cl Ka 119.14 11.18 14.12 wt.% 
K Ka 50.92 4.35 6.06 wt.% 
Ca Ka 34.82 2.95 4.22 wt.% 

100.00 100.00 wt.% Total 

kV  20.0 
Takeoff Angle  23.0° 
Elapsed Livetime 300.0 

Note: Quantified  results do not include elements with Z<11 (Na). 

Figure 2.  EDS results for green deposits on B3FXN1 
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Elt. Line Intensity 
(c/s) 

Atomic 
% 

Conc Units 

Na Ka 802.84 44.48 34.69 wt.% 
Mg Ka 52.22 3.65 3.01 wt.% 
Al Ka 1.79 0.09 0.08 wt.% 
Si Ka 12.58 0.46 0.44 wt.% 
S Ka 182.74 4.50 4.90 wt.% 
Cl Ka 1,717.59 42.70 51.36 wt.% 
K Ka 75.14 2.44 3.24 wt.% 
Ca Ka 54.45 1.68 2.29 wt.% 

100.00 100.00 wt.% Total 

kV  20.0 
Takeoff Angle  23.0° 
Elapsed Livetime 300.0 

Note: Quantified  results do not include elements with Z<11 (Na). 

Figure 3.  EDS results for white deposits on B3FXN1
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Elt. Line Intensity 
(c/s) 

Atomic 
% 

Conc Units 

Na Ka 47.69 43.33 22.07 wt.% 
Mg Ka 28.56 21.05 11.34 wt.% 
Al Ka 2.01 1.15 0.69 wt.% 
Si Ka 2.51 1.11 0.69 wt.% 
S Ka 26.08 7.14 5.07 wt.% 
Cl Ka 13.85 3.43 2.69 wt.% 
K Ka 7.16 1.53 1.33 wt.% 
Ca Ka 3.35 0.70 0.62 wt.% 
Sb La 117.61 20.57 55.50 wt.% 

100.00 100.00 wt.% Total 

kV  20.0 
Takeoff Angle  23.0° 
Elapsed Livetime 300.0 

Note: Quantified  results do not include elements with Z<11 (Na). 

Figure 4.  EDS results for bright spheres (as observed by backscatter SEM) on B3FXN1
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Elt. Line Intensity 
(c/s) 

Atomic 
% 

Conc Units 

Na Ka 225.51 17.72 12.47 wt.% 
Mg Ka 243.66 14.80 11.01 wt.% 
Al Ka 37.36 1.86 1.54 wt.% 
Si Ka 253.10 9.67 8.32 wt.% 
S Ka 566.19 15.87 15.58 wt.% 
Cl Ka 121.80 3.52 3.82 wt.% 
K Ka 78.84 1.93 2.31 wt.% 
Ca Ka 1,199.40 30.41 37.30 wt.% 
Ti Ka 56.12 1.73 2.53 wt.% 
Cr Ka 1.95 0.06 0.10 wt.% 
Fe Ka 23.08 0.86 1.47 wt.% 
Zn Ka 21.10 1.34 2.68 wt.% 
Ba La 7.67 0.21 0.88 wt.% 

100.00 100.00 wt.% Total 

kV  20.0 
Takeoff Angle  23.0° 
Elapsed Livetime 500.0 

Note: Quantified  results do not include elements with Z<11 (Na). 

Figure 5. EDS results for "bulk" Redox  Crystals (B2FXN7)
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Figure 6.  XRD results for "bulk" solid material removed from B3FXN1
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Figure 7. XRD results for "bulk" Redox  Crystals (B2FXN7)
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