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1 INTRODUCTION 

The solid phase characterization (SPC) of three grab samples from single-shell Tank 241-C-105 
(C-105) that were received at the laboratory the week of October 26, 2015, has been completed.  

The three samples were received and broken down in the 11A hot cells.  The sample 
identification and amounts are as shown in Table 1. 

 

Table 1.  Sample Identification, Sample Identification in OmniLIMS1, Volume, and 
Weight. 

Sample ID OmniLIMS # 
Approximate 
Volume (mL) 

Approximate 
Amount (g)  

105C-15-01 S15T023591 120 92.0  

105C-15-02 S15T023603 150 116.3  

 105C-15-03 S15T023614 120 113.4 

 

The photos in Figure 1 were taken through the hot cell window and have been cropped and 
brightened considerably: 

 

 
Figure 1.  Photos of Three Tank 241-C-105 Samples Taken Through the Hot Cell Window. 
 

The color of the recovered material is generally dark brown to black.  Some white grains were 
visible, and an indurated piece from 105C-15-03 was a lighter tan color.  Subsamples for SPC 
were taken as follows:  105C-15-01 (S15R000622), 105C-15-02 (S15R000623), 105C-15-03 
dark grains (S15R000624), 105C-15-03 tan aggregate (S15R000625).  105C-15-03 was 
subsampled prior to homogenization so that the large tan aggregate visible in Figure 2 could be 

                                                 
1 OmniLIMS is a trademark of Columbia Energy and Environmental Services, Richland, Washington. 
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sub-sampled. It crushed with some difficulty, while the darker aggregates in this sample, as well 
as the dark aggregates in the first two samples, broke apart more easily.

Figure 2.  Photo of 105C-15-3, Through the Hot Cell Window, Showing Large Tan 
Aggregate Subsampled for Analysis.

Analysis by SPC at the 222-S Laboratory consists primarily of X-ray diffraction (XRD), 
polarized light microscopy (PLM), and scanning electron microscopy (SEM).  

Subsamples for SEM analysis were prepared by crushing sample splits further. Several large 
pieces of the white aggregate were affixed to SEM stubs using carbon-based glue. The other 
samples were prepared by dispersing and crushing the larger aggregates and lifting the 
particulates with an SEM stub covered with an adhesive carbon tape. Subsamples for PLM 
analysis were prepared by mounting in index oil, or with the addition of a drop of water. 

2 X-RAY DIFFRACTION

2.1 SAMPLE PREPARATION

Small amounts of solid sample material were added to a miniature mortar and then ethyl alcohol 
was added to cover the solids.  The solids were subsequently ground to a flourlike consistency 
and left in the mortar until all of the alcohol evaporated, leaving the powder residue completely 
dry.  The powder solids were disbursed on a single crystal silicon substrate coated with a thin 
layer of petroleum jelly.  Loose powder particles were removed by inverting the substrate and 
tapping on the reverse side of the substrate.  The powder deposits were inspected for uniformity 
of the deposit, and additional powder was deposited as needed until a uniform deposit was 
achieved.  The coated substrate was installed in an aluminum sample support designed to 
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interface with the autosample changer on the Rigaku™2 MiniFlex II.  The sample cup was 
installed in the diffractometer, and measurements were performed in accord with 
ATS-LT-507-103, “222-S Laboratory X-Ray Diffractometry (XRD) Using the Rigaku MiniFlex 
II.”

2.2 DATA PROCESSING

Background Subtraction: Raw data was processed using MDI Jade software in conjunction with 
the International Center for Diffraction Data Powder Diffraction file version 4+ (ICDD PDF4+)
diffraction data database.  In general, each pattern was background subtracted prior to further 
processing.  The amorphous contribution of the petroleum jelly layer was accounted for by 
overlaying a diffraction pattern from pure petroleum jelly on sample data.  The petroleum jelly 
pattern was scaled to match the sample data; background points were then specified on the 
sample data, and the background level in the sample data was eliminated (see Figure 3).  Two 
crystalline peaks associated with the petroleum jelly adherent layer were also manually 
subtracted from each data set prior to phase identification analysis.

Figure 3.  A Reference Pattern for Petroleum Jelly (Light Blue) Was Overlaid and Scaled 
to Match that of the Sample Data as an Estimate of the Shape of the Background Level.

Search Match: Each pattern was initially compared to the entire database with no other filters 
applied to the search process.  Likely phases were selected from the returned results, and then 

                                               
2 Rigaku is a trademark of Rigaku/USA, Inc. The Woodlands, Texas.
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additional increasingly more restrictive searches were performed.  Typically, the second search 
was limited to the minerals subfile of the database and included a chemistry filter that was 
defined based primarily but not exclusively on energy dispersive spectrometry (EDS) data 
acquired for all four samples (i.e., H, C, N, O, F, Na, Al, Si, P, S, K, Ca, Cr, Mn, Fe, U).  In 
some cases additional searches were performed by including the “Severe Orientation” filter 
and/or by searching the inorganic subfile of the database.

2.3 X-RAY DIFFRACTION RESULTS

Trona was identified in all of the samples as indicated in Table 2 below.  Other major phases 
identified included cejkaite and dawsonite.

Table 2.  X-ray Diffraction Phase Content Summary by Sample.

Individual sample analysis results are presented in the following sections.  

2.3.1 C-105 Grab Sample – S15R000622

The diffraction data for this sample indicates that it was principally comprised of trona and 
cejkaite as indicated in Figure 4 and Table 3.  Two weak diffraction peaks remained unidentified.
These peaks did not match any of the phases listed in Table 2.  The peaks may be due to a trace 
phase that is statistically oriented.
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Figure 4.  Phase Content for S15R000622.
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Table 3.  Diffraction Peak Data and Phase Association for S15R000622.
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2.3.2 C-105 Grab Sample – S15R000623

The diffraction data for this sample indicates that it was principally comprised of cejkaite, 
dawsonite, trona, and gibbsite as indicated in Figure 5 and Table 4.  One weak diffraction peak 
remained unidentified. This peak did not match any of the phases listed in Table 2.  The peak 
may be due to a trace phase that is statistically oriented.

Figure 5.  Phase Content for S15R000623.
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Table 4.  Diffraction Peak Data and Phase Association for S15R000623.
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2.3.3 C-105 Grab Sample – S15R000624

The diffraction data for this sample indicates that it was principally comprised of trona, 
dawsonite, and natrophosphate as indicated in Figure 6 and Table 5.  Six relatively weak 
diffraction peaks remained unidentified. These peaks did not match any of the phases listed in 
Table 2.  These peaks may have been more difficult to identify because this data set was noisier 
than the others (i.e., the data acquisition rate was 2x faster than the other three data sets).  It is 
also possible that one or more trace phases were statistically oriented yielding insufficient 
diffraction data for the associated phases to be identified.

Figure 6.  Phase Content for S15R000624. 
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Table 5.  Diffraction Peak Data and Phase Association for S15R000624.
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2.3.4 C-105 Grab Sample – S15R000625

The diffraction data for this sample indicates that the tan aggregate was principally comprised of 
trona and dawsonite, as indicated in Figure 7 and Table 6.  One weak diffraction peak remained 
unidentified. This peak did not match any of the phases listed in Table 2.  The peak may be due 
to a trace phase that is statistically oriented.

Figure 7.  Phase Content for S15R000625.
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Table 6.  Diffraction Peak Data and Phase Association for S15R000625.
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3 POLARIZED LIGHT MICROSCOPY

3.1 SAMPLE PREPARATION

Analysis by PLM was performed on grab samples from C-105 to characterize the solids that 
remained in the tank.  The analysis of all C-105 samples consisted in mounting triplicate slides 
and analyzing them using PLM.  Each of the three slides was prepped differently; one was 
mounted in 1.550 refractive index oil, the second one was mounted in water, and the final one 
was placed in 1.680 refractive index oil.  Oil does not dissolve the sample, thus it is the preferred 
mounting medium.  Water was used to determine what particles dissolved and confirmed the 
identification of some of the particles.  The slides were examined at multiple magnifications 
using procedure LT-519-107 on the Nikon EclipsePOL in Room 1GA at the 222-S Laboratory.

3.2 DATA PROCESSING

S15R000625 (sample of the tan aggregrate in 105C-15-03) contained two large brown chunks,
but when particles were crushed on the microscope slide the sample appeared more white than 
brown.  This sub-sample was selected from the third grab sample based on its relatively light tan
appearance in the sample jar.  The samples for the photos below were mounted on a glass slide 
with a coverslip overtop of the particles.  Refractive index oil of 1.550 was used for the first slide 
mount to accurately perform the analysis and preserve the actual state of the solids collected.  

The PLM images in Figures 8 and 9 illustrate the descriptions below.  The major phase consisted 
of aggregates of fine-grained material with a brownish color.  This phase is most likely
NaAl(CO3)(OH)2 (dawsonite) based on SEM analysis that detected a significant amount of 
aluminum, and XRD analysis confirmed the presence of dawsonite.  This component appeared to 
be around 50% of the mass of the sample observed (white circles in figures).  The next most
dominant phase (black circles) was Na2CO3·H2O (sodium carbonate) and/or Na3(HCO3)CO3

(trona), followed by Na4(UO2)(CO3)3 (cejkaite, red circles), then possibly Al(OH)3 (gibbsite,
blue circles), and finally trace amounts of sodium fluoride phosphate (not pictured) and iron-
bearing particulates (not pictured).

The black particles in Figures 8 and 9 were ubiquitous in all of the samples analyzed.  The 
particles are very tiny (sub-micron), mainly opaque, and tend to form a coating on all of the 
larger particles.  Due to their apparent lack of X-ray signature in both the electron microscope 
and XRD analyses, they are speculated to be organic, and are probably polymeric.

The uranium-rich phase was identified as cejkaite by its refractive indexes (no = 1.531, ne = 
1.645).  Mounted in 1.550 refractive index oil (slide 1), the cejkaite rods (greenish-yellow with 
uncrossed polars) were nearly invisible in the vertical orientation (refractive index of the crystal 
close to 1.550) and showed high contrast in the horizontal position with a Becke line that 
indicated the refractive index of the crystal was significantly higher than 1.550.  Thus, the 
estimated refractive indexes of the crystal are consistent with the literature values for cejkaite.
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Figure 8.  Sample S15R000625, Slide 1:  Uncrossed Polars PLM Image of 3 Dominant 
Phases.

Uncrossed polars, highlighting the natural color and shape characteristics.  White circle = dawsonite, 
Black = sodium carbonate and/or trona, Red = sodium uranium carbonate (cejkaite), Blue = 

gibbsite (tentative).
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Figure 9.  Sample S15R000625, Slide 1:  Crossed Polars with Red I Compensator in Place.

Crossed polars with Red I compensator, emphasizing the optical properties of the particles; same
field of view as Figure 8.

Slide 2 from sample S15R000625 was prepared in a fashion similar to the first slide except 
instead of using refractive index oil, the sample was prepared in water.  Water will typically 
dissolve soluble salts such as nitrates, nitrites, and carbonates and leave behind minerals like 
gibbsite and iron oxide/hydroxide.  In the second slide, the most prevalent phase is still 
dawsonite (Figure 10), but the second most dominant is the uranium phase.  Sodium uranyl
carbonate (cejkaite) is similar looking to sodium carbonate rods, but the orientation of the 
blue/orange crystal color when the Red I compensator is in place and the polars are crossed
reveals that the colors are reversed for cejkaite.  The orientation color at the 2 o’clock position is 
blue for cejkaite rods, and for carbonate rods it is orange in the 2 o’clock position. This color is 
demonstrated in Figure 11 and indicates that the cejkaite crystals are optically positive.

  



LAB-RPT-1500011

16

Figure 10.  Sample S15R000625, Slide 2.

15-µm sized aggregate of dawsonite crystals; (left) photo has the Red 1 compensator in and polars 
crossed.  The photo on the right is shown with uncrossed polars and no Red I compensator.  Both 

images are of the same crystal.

Figure 11.  Sample S15R000625, Slide 2.

5-um long uranium crystals (needles).  Photo on the left has the Red 1 compensator in and polars 
crossed.  The photo on the right is shown with uncrossed polars and no Red I compensator.  Both 

images are of the same area.

Slide 3 for sample S15R000625 was mounted in 1.680 refractive index oil.  The technician noted 
that this oil had a brown discoloration (generally mounting oil has a clear color to it).  This did 
not appear to affect the quality of the slides. A probable iron particle was photographed in this 
slide, and the photo is in Figure 12 below (reddish in color).  
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Figure 12.  Sample S15R000625, Slide 3.

Uncrossed polars, reddish brown crystal in center is most likely an iron-containing compound.

Sample S15R000624 was a second split of sample 105C-15-03.  This was the remainder of the 
grab sample that excluded the “white chunk” from above.  Figure 13 below confirms the 
presence of dawsonite (blue circle) with some trona (red circle) and uranium particles also 
present (confirmed data from XRD analysis).  Trace amounts of the isotropic crystal to the left of 
trona is sodium fluoride phosphate (white circle).  S15R00624 appeared to have the highest 
presence of iron-containing compounds of any of the four samples analyzed (Figure 14).  

   a                                                                             b             

Figure 13.  Sample S15R000624, Slide 1.

Red I compensator with crossed polars revealed characteristics of three identified particles in sample 
105C-15-03.  The two photos have been rotated 90 degrees from each other.  Blue circle = 

dawsonite, Red circle = trona, and white circle = sodium fluoride phosphate.
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Figure 14.  Sample S15R000624, Slide 1.

Uncrossed polars revealed the natural reddish color of iron-containing compounds in 
Sample 105C-15-03 where particles like the reddish ones in the figure above were most abundant.

Samples S15R000622 and S15R000623 are subsamples of 105C-15-01 and 105C-15-02,
respectively, and are very similar.  The figures below illustrate the components observed in the 
samples.  Major constituents include dawsonite (Figure 15), sodium carbonate/trona (Figure 17), 
and cejkaite (Figure 18).  Unidentified phases in the photographs below include crystals with low 
birefringence (Figure 16) and the black substance that appears as coatings on crystals as well as 
singularly throughout the slides (Figure 17).  When the sample was mounted in water, the most 
prevalent phases were dawsonite, cejkaite, and the unknown matter in Figure 16.  In sample 
S15R000623 there was also sodium fluoride phosphate observed (Figure 15 (clear grain to 
right)) and iron-rich particles (Figure 19).  

Figure 15.  Sample S15R000623, Slide 1.

Dawsonite (left) and natrophosphate (right).  Crossed polars with the Red I compensator.
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Unknown:  low birefringence under crossed polars with the Red I compensator.

Figure 17.  Sample S15R000622, Slide 1.

Suspect organic matter on this trona crystal.  Crossed polars with and without the Red I Compensator.

  

Figure 16.  Sample S15R000622, Slide 3.
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Figure 18.  Sample S15R000622, Slide 2:  Cejkaite Rods.

Figure 19.  Sample S15R000623, Slide 3.

Oxidized iron particle (red/green color).  Crossed polars with red I compensator and uncrossed 
polars without the red I compensator.

4 SCANNING ELECTRON MICROSCOPY

The samples are composed largely of sodium salts and a sodium-uranium-bearing particulate. 
The dominant sodium salt appears to be a mixture of sodium carbonate monohydrate 
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(thermonatrite) (Figure 20) and sodium carbonate bicarbonate (trona, Na3(CO3)HCO3). Large,
blocky sodium fluoride phosphate hydrate crystals (natrophosphate) are scattered throughout the 
samples (Figure 21) but represent a minor phase. Aluminum occurs mainly with sodium, in 
small aggregates of even smaller whisker-like crystals (Figure 22). This material, too tiny to 
resolve on the PLM, is likely dawsonite (NaAl(OH)2CO3) and represents a major phase, perhaps 
the dominant phase. Trace amounts of aluminum hydroxide (probably gibbsite) are also 
observed (Figure 23). In the light grains from 105C-15-03 (S15R000625), there was one small 
aggregate that was primarily aluminum-rich. But the majority of the hard tan aggregate is 
composed of sodium carbonate. Finally, there is a significant amount (estimated to be greater 
than 10%) of a sodium-uranium-rich phase in all samples. Many of these are in the form of 
hexagonal columns up to 50 microns long (Figure 24). These larger crystals were seen in the 
PLM analysis. The optical characteristics of this particulate are consistent with cejkaite, a 
sodium uranium carbonate, Na4(UO2)(CO3)3.

The images below are backscatter electron images, paired with the EDS chemical spectrum from 
the spot marked with the +.

Figure 20.  Sample 105C-15-01 (S15R000622):  Thermonatrite and/or Trona.
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Figure 21.  Sample 105C-15-03 (Dark Grains, S15R000624):  Natrophosphate.

Figure 22.  Sample 105C-15-03 (Dark Grains, S15R000624):  Dawsonite.
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Figure 23.  Sample 105C-15-01 (S15R000622):  Gibbsite.

Figure 24.  Sample 105C-15-03 (Light Grains, S15R000625):  Cejkaite.

The presence of a carbon peak on all spectra suggests that the particulate may be coated with an 
organic phase. This could account for the static charge and flighty nature of the material. The 
material is generally quite inhomogeneous with patches and agglomerates of particle types 
varying widely across the surface of the SEM specimen and from one sample to the next. 
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However, all of the specimens analyzed had the same general characteristics described in this 
preliminary report.

5 DISCUSSION

Trona was found in the Tank 241-C-108 Heel samples (after retrieval to Tank 241-AN-106). 
This was confirmed by XRD and reported in LAB-RPT-10-00001, Results of Physicochemical 
Characterization and Caustic Dissolution Tests on Tank 241-C-108 Heel Solids. Attachment B 
to LAB-RPT-10-00001 contains the XRD patterns, and there are images on pages B-3 and B-5. 

Dan Herting made trona by sparging Tank 241-AN-107 supernatant waste with CO2. This is 
reported in 7S110-DLH-06-049, “Carbonation Test Results, Tank 241-AN-107.” See page 8 and 
9 in 7S110-DLH-06-049 for the discussion and figures. 

Interestingly, trona was identified in the AW thermocouple wire efflorescence (WRPS-1501291,
“Phase and Chemical Analysis of AW Thermocouple Wire Efflorescence”).  The source of this 
trona was attributed to caustic that had not contacted tank waste interacting with nearby soils.

Cejkaite has only been reported in Tanks 241-C-203, 241-C-204, and 241-AN-106 (presumably) 
in PNNL-14903, Rev. 1, Hanford Tanks 241-C-203 and 241-C-204: Residual Waste 
Contaminant Release Model and Supporting Data. Note the morphology is similar to what we 
are seeing in C-105, and it is somewhat water soluble.  Uranium crystals with morphology 
similar to those identified here as cejkaite have previously been seen in a Tank 241-C-108 
sample, but not identified as such at the time of the report (LAB-RPT-10-00001, p. B-4).

In summary, the major phases identified in the C-105 grab samples (all 4 samples) and their 
anticipated solubility characteristics, in approximate order of abundance, are shown in Table 7.

Table 7.  Summary of Solid Phase Characterization and Anticipated Solubility on C-105 
Solid Samples.

Phase Estimated solubility in:
H2O 19M NaOH Nitric and/or oxalic acid

Dawsonite Insoluble Readily soluble Readily soluble
Thermonatrite and/or 
Trona

Soluble (given time) Insoluble Soluble (decomposes with 
gas evolution)

Cejkaite Partially soluble (pH 
dependent)

Likely insoluble Soluble (decomposes with 
gas evolution)

Natrophosphate Soluble Insoluble Soluble
Unknown organic Unknown, likely insoluble
Trace phases (Fe-rich, 
gibbsite …)

Insoluble Potentially soluble (Al 
phases)

Potentially soluble
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