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Abstract 

This report summarizes the refractory corrosion data for a matrix of direct-feed high-level waste 
(DFHLW) glasses generated to expand glass property data into the high sulfur composition 
region. The design of the high sulfur glass matrix, HS24, was reported in Reiser et al. (2026). 
Fifty HS24 glasses were tested for the corrosion of Monofrax® K-3 refractory materials. 

The corrosion of K-3 refractory materials in the HS24 glass melts was measured using a static 
crucible method. Two test conditions, 1150 °C for 7 days and 1200 °C for 7 days, were applied. 
The melt-line neck corrosion depth of the test coupons was measured by micro-computed 
tomography (micro-CT). The measured K-3 neck corrosion values were compared to predicted 
values using the EWG3.0 K-3 corrosion model (Lu et al. 2026). Proposed upper limits for K-3 
neck corrosion, 0.04 in. (EWG2.5, Vienna et al. 2024) and 0.025 in. (EWG2.6, Vienna et al. 
2025 and EWG3.0, Lu et al. 2026) were applied to evaluate the neck corrosion data of the HS24 
matrix glasses. Two glasses of this HS24 matrix were designed as replicates of glasses 
previously tested by different laboratories. The inter-laboratory discrepancies of the test results 
were analyzed and are discussed. Future work will continue to investigate the consistency of K-
3 corrosion data collected by different institutions, and incorporate these factors into future 
model development to better account for experimental variability and support more accurate and 
robust models.  
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Acronyms and Abbreviations 

ASTM ASTM International, formerly American Society for Testing Materials 

CFR Code of Federal Regulations 

DFHLW direct-feed high-level waste 

DOE Department of Energy 

EWG enhanced waste glass 

HLW high-level waste 

LAW low-activity waste 

micro-CT micro-computed tomography 

NQAP Nuclear Quality Assurance Program 

PNNL Pacific Northwest National Laboratory 

SD standard deviation 

SI International System of Units 

SRNL Savannah River National Laboratory 

VSL Vitreous State Laboratory at the Catholic University of America 

WTP Waste Treatment and Immobilization Plant 
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1.0 Introduction 

Hanford glass melts are contained within their melters by Monofrax® K-3 refractories.  K-3 
corrosion – melt composition models are used in glass design to avoid excessive corrosion of 
these refractories (Jin et al. 2023). Initial models were found to be subject to higher than desired 
uncertainties and were valid over limited composition space compared to other models used in 
glass design (Vienna et al. 2025). To improve glass property models, a matrix of glasses was 
designed, fabricated, and tested for various properties (Reiser et al. 2026). Models will be 
developed in the future with these additional K-3 corrosion-glass composition data collected in 
this report to improve prediction performance and expand applicable composition region. This 
will help to improve loading of waste in glass, while reducing risk of unacceptable K-3 corrosion. 

Glass matrix design was described in detail by Reiser et al. (2026) along with results from 
testing other properties of these glasses. The K-3 crucible scale test and characterization 
methodologies were developed and described by Jin et al. (2025). This report summarizes 
these methods in Section 2.0 and documents the testing and characterization results in Section 
3.0. Section 4.0 offers conclusions drawn from the testing. 

1.1 Quality Assurance 

This work was performed in accordance with the Pacific Northwest National Laboratory (PNNL) 
Nuclear Quality Assurance Program (NQAP). The NQAP complies with Department of Energy 
(DOE) Order 414.1D, “Quality Assurance,” and Title 10 of the Code of Federal Regulations (10 
CFR) Part 830, “Nuclear Safety Management,” Subpart A, “Quality Assurance Requirements.” 
The NQAP uses NQA-1-2012, Quality Assurance Requirements for Nuclear Facility Application, 
as its consensus standard and NQA-1-2012, Subpart 4.2.1, as the basis for its graded approach 
to quality. 

The NQAP works in conjunction with PNNL’s laboratory-level Quality Management Program, 
which is based on the requirements as defined in DOE Order 414.1D and 10 CFR Part 830, 
Subpart A. 

The work of this report was performed at a technology readiness level of 5. 
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2.0 Test Methods 

This section describes how the K-3 corrosion was measured. 

2.1 Glass Fabrication 

The glass fabrication procedure and compositional analysis were reported in Reiser et al. 
(2026); the chemical analysis confirmed that the target glass compositions were met. 

2.2  Refractory Corrosion Test 

The Monofrax® K-3 refractory (Monofrax LLC, Falconer, NY) corrosion test was performed using 
a crucible-scale test method based on ASTM C621 (2022) with minor modifications to the 
crucible size and coupon size. Such modification is common in refractory corrosion research as 
the original ASTM standard is very specific; the data collected by the same modified setup are 
comparable and suitable for modeling. The setup, which has been used to collect K-3 refractory 
corrosion data to support research of Hanford glassed formulation (Russell et al. 2025 and Jin 
et al. 2025), is shown in Figure 2.1. K-3 test coupons were cut from K-3 refractory slabs into 
1 cm × 1 cm × 11 cm coupons. A notch was cut on the top end of the coupons to denote face 
“A–A.” Each coupon was mounted with the crucible lid made by castable alumina (RESCOR™ 
CER-CAST CERAMIC 780, Cotronics Corp., Brooklyn, NY) with a 1 cm × 1 cm slot in the 
center. The K-3 test coupon was inserted into a Pt crucible with crushed glass. The loaded 
crucible was heated in a furnace, and the K-3 test coupon was submerged into a static glass 
melt at 1150 °C or 1200 °C for 7 days. Following the 7 days test, the K-3 coupons were 
removed from the glass melt for characterization. 

 

Figure 2.1. K-3 corrosion test setup in a static glass melt showing general measurements for 
coupon size and positioning, glass depth, and coupon immersion depth. For 
convenience in the following discussion, the test coupon’s dimensions were 
defined by the x-, y-, and z-axes. The x–y plane is the horizontal plane, and the 
z-axis is the vertical axis. 
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Both pre-test and post-test coupons were scanned using Zeiss Xradia Versa 610 micro-
computed tomography (micro-CT) (Carl Zeiss Microscopy GmbH, Jena, Germany). As shown in 
Figure 2.2, the coupons were mounted in 3D-printed plastic sample holders. Up to four coupons 
were bundled to fit in the scanning volume. Each single scan covered a cylindrical volume 
~4 cm tall and 4 cm in diameter; three to five scans were conducted vertically to cover a 6–
10 cm length. Single scans must be partially overlapped for image stitching. The voxel size was 
set to 0.04 mm. A certified volume standard was used to verify the voxel size of the micro-CT 
measurement. 

 

Figure 2.2. Samples for micro-CT scanning. 

The K-3 corrosion was calculated by dimensional changes in the coupons after crucible tests in 
glass melts. As shown in Figure 2.3, the micro-CT scan produces a “stack” of X-ray images, 
which can be reconstructed to a 3D object for each sample. The 3D object can be sliced from 
different angles for analysis. The data from the pre-test and post-test K-3 coupons resulted in 
two stacks of images and were adjusted and aligned for analysis. Each image stack contains a 
50-mm-long section of coupon (1250 slices × 0.04 mm = 50 mm; each slice is one voxel thick, 
0.04 mm), with each slice set to 12 mm × 12 mm (300 × 300 pixels, where the pixel size is the 
same as the voxel size for the 2D images). The pre-test and post-test image stacks of the same 
sample were aligned by matching the slices with visible features (grain sizes, pores, etc.), i.e., 
the same slice number in the pre- and post-test image stacks should have corresponded to the 
same position on the sample. 

After adjusting and aligning, each slice was converted to a binary outline image and then a 
bounding rectangle of the outline. Adjustment of the contrast of the X-ray images was necessary 
to draw the outline of the post-test coupons to separate the glass and the K-3, which are of 
different brightness in the X-ray images. After generating the stack of outlines from the X-ray 
image stack, a stack of bounding rectangles was generated from the stack of outlines 
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(Figure 2.3). A dataset was generated by measuring the dimensions of the A–A and B–B 
directions of the bounding rectangles: 𝐺Aሺ𝑖ሻ and 𝐺Bሺ𝑖ሻ, the dimensions of the A–A and B–B 
directions of the 𝑖th slice of the pre-test stack; 𝑔Aሺ𝑖ሻ and 𝑔Bሺ𝑖ሻ,  the dimensions of the A–A and 
B–B directions of the 𝑖th slice of the post-test stack (𝑖 = 1–1250). The dimensional change or 
corrosion depth (𝑑corr,) of each slice was calculated as follows: 

 
𝑑corr,A

ሺ𝑖ሻ ൌ  
𝐺Aሺ𝑖ሻ െ 𝑔Aሺ𝑖ሻ

2
 (2.1) 

 
𝑑corr,B

ሺ𝑖ሻ ൌ  
𝐺Bሺ𝑖ሻ െ 𝑔Bሺ𝑖ሻ

2
 (2.2) 

The maximum corrosion depth along the coupon is the neck corrosion depth (𝑑௡௘௖௞,A
 and 

𝑑௡௘௖௞,B
), and the average neck corrosion (𝑑neck,) of the A and B sides was calculated using 

 
𝑑neck,A

ൌ MAXሾ𝑑corr,A
ሺ𝑖ሻሿ ൌ MAX ቈ

𝐺Aሺ𝑖ሻ െ 𝑔Aሺ𝑖ሻ

2
቉ (2.3) 

 
𝑑neck,B

ൌ MAXሾ𝑑corr,B
ሺ𝑖ሻሿ ൌ MAX ቈ

𝐺Bሺ𝑖ሻ െ 𝑔Bሺ𝑖ሻ

2
቉ (2.4) 

 
𝑑neck ൌ

𝑑neck,A
൅  𝑑neck,B

2
 (2.5) 

The results are discussed in Section 3.0. 
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(a)                                                                               (b) 

 

(c) 

Figure 2.3. Procedure for measuring refractory corrosion using micro-CT scanning images. 
The brighter material is the K-3 phase, and the darker material is the glass 
remaining on the coupon surface after the test. (a) 3D view of an example 
coupon, HS24-09 1150 °C for 7 days. The outlines of the pre-test coupon (in 
cyan) and the post-test coupon (in red) are aligned and overlapped. The cropped 
scan volume for analysis is 12 mm × 12 mm (x–y plane) × 50 mm (along the z-
axis). (b) Horizontal cross sections (slices of x–y plane) from different locations; 
the bounding rectangles (on the right) are drawn based on the outlines for 
dimensional measurement. (c) Dimensions measured on the bounding 
rectangles. 
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3.0 Results and Discussion 

Table 3.1 and Figure 3.1 summarize the measured neck depths of the HS24 glass corroded K-3 
coupons. Each glass was tested under two different conditions: 1150 °C for 7 days and 1200 °C 
for 7 days. For the combined modeling dataset, the corrosion depth values are converted to 
non-SI units of inches in the tables and plots in this section. The original measured values in SI 
units of millimeters can be found in the appendices. Test coupon photos are shown in 
Appendix A, micro-CT scan images are shown in Appendix B, and the original measured 
corrosion data are shown in Appendix C. For each coupon, the neck depth was measured in 
two perpendicular directions, as discussed in Section 2.2. The average values of the two 
measurements are reported with the standard deviation (SD). During the micro-CT 
measurement, setting the threshold to outline the scanned materials can lead to a measurement 
uncertainty of ~1 to 3 voxels (0.0016 to 0.0047 in.).  

In this HS24 matrix, 15 glasses showed low corrosivity on the K-3 coupons without forming a 
distinguishable neck at either 1150 °C or 1200 °C after 7 days. The coupons without a 
distinguishable neck for the corrosion depth measurement are marked in Table 3.1. For another 
nine glasses, HS24-03, HS24-10, HS24-11, HS24-12, HS24-14, HS24-33, HS24-34, HS24-40, 
and HS24-48, the corrosion neck was only observed on the coupons after the 1200 °C for 
7 days test but not after the 1150 °C for 7 days. The other glasses had distinguishable neck 
corrosion on the K-3 test coupons with the necks generally deeper after the 1200 °C for 7 days 
test. Four glasses, HS24-13, HS24-31, HS24-44, and HS24-50, showed equivalent corrosion at 
1150 °C for 7 days and 1200 °C for 7 days test conditions (differences were less than estimated 
uncertainty of ~3 voxels or ~0.0047 in.). There is only one glass, HS24-09, that clearly showed 
a deeper neck on the 1150 °C for 7 days K-3 test coupon compared to the 1200 °C for 7 days 
K-3 test coupon, the cause of which is currently unknown, but could be attributed to factors such 
as reaction layer formation, the presence of pores or pre-existing cracks, or glass viscosity; 
further investigation is warranted.  

Based on data from a previous 1208 °C for 6 days bubbling crucible test (Muller et al. 2018), 
two values were proposed as the upper limits for K-3 neck corrosion, 0.04 in. and 0.025 in. A 
limit of 0.04 in. was used in EWG2.5 (Vienna et al. 2024), based on the EWG-LAW constraint 
(Vienna et al. 2022). A more conservative limit of 0.025 in. was subsequently adopted, which 
has been used since EWG2.6 (Vienna et al. 2025) and retained in EWG3.0 (Lu et al. 2026). An 
offset of 0.3654 ln[in.] was estimated based on previous data from the 1208 °C for 6 days 
bubbling test and 1200 °C for 7 days static test (Lu et al. 2026). By applying the offset to the 
1200 °C for 7 days measured data [Equation (3.1)], the transferred results are comparable with 
the limits of the 1208 °C for 6 days bubbling data. As shown in Figure 3.1(b), only one of the 50 
glasses, HS24-49, had a neck corrosion depth on the K-3 test coupons exceeding the 0.04 in. 
limit, and four, HS24-04, HS24-05, HS24-25, and HS24-49, had neck corrosion deeper than the 
more restrictive limit of 0.025 in. 

 lnሺ𝑑neck,1208/6d/bubbling
ሻ ൌ  lnሺ𝑑neck,1200/7d/static

ሻ െ offset (3.1) 

Figure 3.2 shows the measured neck depth of the 1200 °C for 7 days test samples plotted 
against the model predictions from Lu et al. (2026). The y-axis error bars are the uncertainty in 
the predicted values calculated by the model, and the x-axis error bars are applied using a fixed 
value of 0.3976 ln[in.] which is a pooled SD reported in Lu et al. (2026). The model prediction 
improves when the overall K-3 neck corrosion is deeper. This is attributed to the relatively high 
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inaccuracies in the measured data when the corrosion damage to the test coupons is minimal, 
but still above limits of detection of the micro-CT method (0.0016 in., 1 voxel). 
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Table 3.1. K-3 refractory corrosion neck depth, dneck, in inches. The symbol “-” means that neck corrosion was not observed on 
the post-test coupon. 

Glass ID 1150 °C for 7 days 1200 °C for 7 days  Glass ID 1150 °C for 7 days 1200 °C for 7 days 

HS24-01 0.0012 ± 0.0006 0.0035 ± 0.0006  HS24-26 - - 

HS24-02 0.0193 ± 0.0006 0.0307 ± 0.0033  HS24-27 0.0154 ± 0.0017 0.0220 ± 0.0011 

HS24-03 - 0.0035 ± 0.0006  HS24-28 0.0051 ± 0.0006 0.0091 ± 0.0006 

HS24-04 0.0370 ± 0.0011 0.0480 ± 0.0000  HS24-29 0.0142 ± 0.0000 0.0193 ± 0.0006 

HS24-05 0.0283 ± 0.0000 0.0398 ± 0.0006  HS24-30 - - 

HS24-06 - -  HS24-31 0.0043 ± 0.0006 0.0020 ± 0.0006 

HS24-07 0.0043 ± 0.0006 0.0079 ± 0.0000  HS24-32 - - 

HS24-08 - -  HS24-33 - 0.0012 ± 0.0006 

HS24-09 0.0394 ± 0.0022 0.0260 ± 0.0011  HS24-34 - 0.0020 ± 0.0006 

HS24-10 - 0.0024 ± 0.0011  HS24-35 - - 

HS24-11 - 0.0020 ± 0.0006  HS24-36 0.0008 ± 0.0000 - 

HS24-12 - 0.0016 ± 0.0011  HS24-37 0.0043 ± 0.0006 0.0102 ± 0.0011 

HS24-13 0.0075 ± 0.0006 0.0067 ± 0.0006  HS24-38 - - 

HS24-14 - 0.0016 ± 0.0000  HS24-39 - - 

HS24-15 0.0075 ± 0.0006 0.0142 ± 0.0000  HS24-40 - 0.0016 ± 0.0011 

HS24-16 0.0004 ± 0.0006 0.0067 ± 0.0017  HS24-41 0.0059 ± 0.0017* 0.0098 ± 0.0006 

HS24-17 - -  HS24-42 -* - 

HS24-18 0.0106 ± 0.0006 0.0146 ± 0.0017  HS24-43 -* - 

HS24-19 - -  HS24-44 0.0051 ± 0.0006* 0.0047 ± 0.0000 

HS24-20 0.0185 ± 0.0006 0.0276 ± 0.0011  HS24-45 0.0016 ± 0.0022 0.0035 ± 0.0017 

HS24-21 - -  HS24-46 0.0020 ± 0.0006 0.0035 ± 0.0006 

HS24-22 - -  HS24-47 0.0024 ± 0.0000 0.0087 ± 0.0011 

HS24-23 - -  HS24-48 - 0.0008 ± 0.0000 

HS24-24 0.0059 ± 0.0028 0.0063 ± 0.0011  HS24-49 0.0374 ± 0.0006 0.0646 ± 0.0011 

HS24-25 0.0291 ± 0.0011 0.0390 ± 0.0006  HS24-50 0.0118 ± 0.0011 0.0098 ± 0.0006 

* The crucible was cooled once during the 7 days test due to a furnace breakdown; the test duration was compensated after 
reheating to the target temperature. 
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Figure 3.1. K-3 refractory corrosion neck depth. (a) Neck corrosion depth data from 
Table 3.1. (b) Neck corrosion depth data of 1200 °C for 7 days, converted by an 
offset of 0.3654 ln[in.] to compare with the limit set based on the previous 
1208 °C for 6 days bubbling test dataset. 
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Figure 3.2. Measured and predicted (EWG3.0 model, Lu et al. 2026) K-3 refractory corrosion 
neck depth. The red line is the 1:1 line between the measured and predicted 
values. The uncertainties in the measured values are represented by the pooled 
SD reported in Lu et al. (2026). 

Two of the HS24 glasses were designed as replicates from previous work: HS24-49 is a 
replicate of ORPLG27 (Muller et al. 2010, 2018), and HS24-50 is a replicate of HLW-APPS-05 
(Gervasio et al. 2023; Page et al. 2026). The results are shown in Table 3.2 and Table 3.3 for 
comparison. 

The results for the HS24-49/ORPLG27 glass, including three data points for 1200 °C for 7 days, 
are listed in Table 3.2. The two replicates done by PNNL match very well; however, the value 
reported by the Vitreous State Laboratory (VSL) is significantly lower compared with the PNNL 
data converted by Eq. (3.1). The cause of this difference is likely due to the limited set of data 
used to calculate the offset. Additionally, it should be noted that the experimental errors of the 
results of this work and from literature are different. In this work, each data point includes the 
SD calculated by two measurements from two perpendicular directions (see Figure 2.3(c)) on 
one K-3 test coupon. On the other hand, two K-3 test coupons were measured for the average 
and SD for the data from Muller et al. (2018), which could also attribute to differences in the 
reported data. Additional work is planned to evaluate the data offset across a larger data set 
and to determine a pooled SD for the PNNL test methodology and resulting neck loss data.  



PNNL-39716 Rev. 0 
EWG-RPT-059, Rev. 0 

Results and Discussion 11 
 

Table 3.2. K-3 refractory corrosion neck depth, dneck, in inches, of HS24-49. 

Glass ID 
1200 °C for 7 

days 

1208 °C for 6 days 
(PNNL data converted by 
Eq. 3.1 for comparison) Reference 

HS24-49 

HS24-49 (PNNL) 0.0646 ± 0.0011 0.0448 ± 0.0008 This work 

OPRLG27 (PNNL) 0.0614 ± 0.0011 0.0426 ± 0.0008 Unpublished data 

OPRLG27 (VSL) N/A 0.029 ± 0.0071 Muller et al. (2018) 

For the HS24-50/APPS-05 glass results, the neck corrosion depths measured by this work are 
compared with those measured by Savannah River National Laboratory (SRNL) in Table 3.3. 
Three different analysis methods were used by SRNL (the details can be found in Page et al. 
(2026)). The SRNL results obtained by the maximum method are comparable with the image 
analysis method used in this work (Figure 2.3). SRNL’s 1150 °C for 7 days data are significantly 
higher than those from this work, while the 1200 °C for 7 days data from both PNNL and SRNL 
are similar. Apart from the expected experimental error, the difference may be related to the 
characterization and image analysis methods. More comparison experiments will be conducted 
to investigate the origins in data discrepancy when evaluating data collected at the two 
laboratories. 

Table 3.3. K-3 refractory corrosion neck depth, dneck, in inches, of HS24-50. 

Glass ID 
1150 °C for 7 

days 
1200 °C for 7 

days Reference 

HS24-50 

HS24-50 0.0118 ± 0.0011 0.0098 ± 0.0006 This work 

APPS1-05 (average of midpoint 
method) 

0.0239 0.0135 

Page et al. 
(2026) APPS1-05 (maximum method) 0.0220 0.0096 

APPS1-05 (midpoint method) 0.0235 0.0131 
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4.0 Conclusions 

This report documents the results of the refractory corrosion tests of a high S matrix (HS24) of 
simulated DFHLW glasses. Each glass was tested using a static crucible setup at two test 
conditions: 1150 °C and 1200 °C for 7 days. The corrosion depth at the melt line, i.e., the neck 
corrosion depth data, was measured by scanning the K-3 coupons before and after testing with 
micro-CT. From the 50 HS-24 glasses, 15 did not show distinguishable neck corrosion after 
testing at either temperature condition. For another nine glasses, the corrosion neck was only 
observed on the coupons after the 1200 °C for 7 days test condition but not after the 1150 °C 
for 7 days. There are six glasses that had deeper neck corrosion on the test coupons after being 
tested at 1150 °C for 7 days than after being tested at 1200 °C for 7 days. The reason for this 
behavior may be attributed to the experimental error related to the defects of the K-3 coupons 
and the limit of the measurement but should be subject to further investigation to rule out other 
causes.  

The measured neck corrosion depth data were compared with model predicted values from the 
latest EWG3.0 K-3 refractory corrosion neck loss model (Lu et al. 2026). The measured and 
predicted values agreed well; however, the prediction is better when the neck corrosion is 
deeper. After applying a 0.3654 ln[in.] offset to the 1200 °C for 7 days data (the offset in the 
model equation was to make the static crucible test data comparable with the limits based on 
bubbling crucible test data), one glass of the 50 glasses, HS24-49, failed the nominal 0.04 in. 
neck corrosion limit, and four glasses, HS24-04, HS24-05, HS24-25, and HS24-49, failed the 
more restrictive 0.025 in. limit. 

Two glasses, HS24-49 and HS24-50, were designed as replicates of previously tested glasses, 
ORPLG27 and APPS1-5. The 1200 °C for 7 days results for HS24-49 (ORPLG27) showed 
consistency between two replicates (static test, measured neck depths of 0.0646 in. and 
0.0614 in. respectively) performed by PNNL; on the other hand, VSL’s results (bubbling crucible 
test, Muller et al. 2018) were lower than PNNL’s (after conversion with an offset for comparison, 
0.029 in. vs. 0.0426-0.0448 in.). For HS24-50 (APPS-05), both SRNL and PNNL tested K-3 
coupons using a static crucible setup, at the same temperatures (1150 °C and 1200 °C), and for 
a 7-day test duration. For the 1150 °C for 7 days test, PNNL’s results were lower than SRNL’s; 
however, for the 1200 °C for 7 days test, the results were consistent between laboratories. The 
inter-laboratory differences of K-3 corrosion data are attributed to variations in test conditions 
and characterization methods. Future work will investigate these factors to better understand 
the observed discrepancies and experimental uncertainty. Quantifying and reducing 
experimental uncertainty can improve data quality, help identify potential model overfitting, and 
ultimately support more accurate and robust model development. 
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Appendix A – Photographs of Test Coupons 

The photographs in this appendix show the K-3 refractory coupons after corrosion testing with HS24 glasses. Note that the coupons 
are upside down in the photos; the top of each coupon is the section immersed in the glass melt. 

 

Figure A.1. K-3 coupons HS24-01 through HS24-06 after the refractory corrosion test. 
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Figure A.2. K-3 coupons HS24-07 through HS24-12 after the refractory corrosion test. 
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Figure A.3. K-3 coupons HS24-13 through HS24-18 after the refractory corrosion test. 
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Figure A.4. K-3 coupons HS24-19 through HS24-24 after the refractory corrosion test. 
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Figure A.5. K-3 coupons HS24-25 through HS24-30 after the refractory corrosion test. 



PNNL-39716 Rev. 0 
EWG-RPT-059, Rev. 0 

Appendix A A.6 
 

 

Figure A.6. K-3 coupons HS24-31 through HS24-36 after the refractory corrosion test. 
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Figure A.7. K-3 coupons HS24-37 through HS24-43 after the refractory corrosion test. 
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Figure A.8. K-3 coupons HS2-44 through HS24-50 after the refractory corrosion test. 
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Appendix B – Micro-CT Results of the K-3 Refractory 
Corrosion Test 

This appendix presents the X-ray images used for the dimensional measurements of the K-3 
refractory coupons tested for corrosion with the HS24 glasses. Each figure shows the results of 
one test coupon, including cross-sectional view (x–z and y–z) images, top-view images (x–y) 
with outlines and bounding rectangles, and plots of the corrosion depth measured based on the 
bounding rectangles. For each figure, (a) shows the cross-sectional view of the post-test coupon 
at the center from both the A–A and B–B directions with the neck marked by red arrows. Plots of 
the corrosion depth along the coupon are also shown in (b). For samples with a distinguishable 
neck for measurement, (c) shows the micro-CT images of the x–y plane at the neck locations 
with the pre-test image outline and bounding rectangle in cyan and the post-test image outline 
and bounding rectangle in red. For each coupon, the neck corrosion depth and neck locations 
measured from the A–A and B–B directions are not exactly the same (see Appendix C) since 
the pores and uneven distribution of the different phases can affect the corrosion damage on 
different faces. 
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Figure B.1. Micro-CT results of the K-3 refractory corrosion test, HS24-01_1150C-7d. 
(a) Micro-CT images of the cross section at the center with the neck position 
marked by arrows. (b) Corrosion depth plots. (c) Micro-CT images of the x–y 
plane with the outline and bounding rectangles at the neck locations. 
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Figure B.2. Micro-CT results of the K-3 refractory corrosion test, HS24-01_1200C-7d. 
(a) Micro-CT images of the cross section at the center with the neck position 
marked by arrows. (b) Corrosion depth plots. (c) Micro-CT images of the x–y 
plane with the outline and bounding rectangles at the neck locations. 



PNNL-39716 Rev. 0 
EWG-RPT-059, Rev. 0 

Appendix B B.4 
 

 

Figure B.3. Micro-CT results of the K-3 refractory corrosion test, HS24-02_1150C-7d. 
(a) Micro-CT images of the cross section at the center with the neck position 
marked by arrows. (b) Corrosion depth plots. (c) Micro-CT images of the x–y 
plane with the outline and bounding rectangles at the neck locations. 
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Figure B.4. Micro-CT results of the K-3 refractory corrosion test, HS24-02_1200C-7d. 
(a) Micro-CT images of the cross section at the center with the neck position 
marked by arrows. (b) Corrosion depth plots. (c) Micro-CT images of the x–y 
plane with the outline and bounding rectangles at the neck locations. 
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Figure B.5. Micro-CT results of the K-3 refractory corrosion test, HS24-03_1150C-7d. 
(a) Micro-CT images of the cross section at the center. (b) Corrosion depth plots, 
no distinguishable neck. 
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Figure B.6. Micro-CT results of the K-3 refractory corrosion test, HS24-03_1200C-7d. 
(a) Micro-CT images of the cross section at the center with the neck position 
marked by arrows. (b) Corrosion depth plots. (c) Micro-CT images of the x–y 
plane with the outline and bounding rectangles at the neck locations. 
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Figure B.7. Micro-CT results of the K-3 refractory corrosion test, HS24-04_1150C-7d. 
(a) Micro-CT images of the cross section at the center with the neck position 
marked by arrows. (b) Corrosion depth plots. (c) Micro-CT images of the x–y 
plane with the outline and bounding rectangles at the neck locations. 
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Figure B.8. Micro-CT results of the K-3 refractory corrosion test, HS24-04_1200C-7d. 
(a) Micro-CT images of the cross section at the center with the neck position 
marked by arrows. (b) Corrosion depth plots. (c) Micro-CT images of x–y plane 
with the outline and bounding rectangles at the neck locations. 
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Figure B.9. Micro-CT results of the K-3 refractory corrosion test, HS24-05_1150C-7d. 
(a) Micro-CT images of the cross section at the center with the neck position 
marked by arrows. (b) Corrosion depth plots. (c) Micro-CT images of the x–y 
plane with the outline and bounding rectangles at the neck locations. 
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Figure B.10. Micro-CT results of the K-3 refractory corrosion test, HS24-05_1200C-7d. 
(a) Micro-CT images of the cross section at the center with the neck position 
marked by arrows. (b) Corrosion depth plots. (c) Micro-CT images of the x–y 
plane with the outline and bounding rectangles at the neck locations. 
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Figure B.11. Micro-CT results of the K-3 refractory corrosion test, HS24-06_1150C-7d. 
(a) Micro-CT images of the cross section at the center. (b) Corrosion depth plots, 
no distinguishable neck. 
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Figure B.12. Micro-CT results of the K-3 refractory corrosion test, HS24-06_1200C-7d. 
(a) Micro-CT images of the cross section at the center. (b) Corrosion depth plots, 
no distinguishable neck. 
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Figure B.13. Micro-CT results of the K-3 refractory corrosion test, HS24-07_1150C-7d. 
(a) Micro-CT images of the cross section at the center with the neck position 
marked by arrows. (b) Corrosion depth plots. (c) Micro-CT images of the x–y 
plane with the outline and bounding rectangles at the neck locations. 
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Figure B.14. Micro-CT results of the K-3 refractory corrosion test, HS24-07_1200C-7d. 
(a) Micro-CT images of the cross section at the center with the neck position 
marked by arrows. (b) Corrosion depth plots. (c) Micro-CT images of the x–y 
plane with the outline and bounding rectangles at the neck locations. 
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Figure B.15. Micro-CT results of the K-3 refractory corrosion test, HS24-08_1150C-7d. 
(a) Micro-CT images of the cross section at the center. (b) Corrosion depth plots, 
no distinguishable neck. 
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Figure B.16. Micro-CT results of the K-3 refractory corrosion test, HS24-08_1200C-7d. 
(a) Micro-CT images of the cross section at the center. (b) Corrosion depth plots, 
no distinguishable neck. 
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Figure B.17. Micro-CT results of the K-3 refractory corrosion test, HS24-09_1150C-7d. 
(a) Micro-CT images of the cross section at the center with the neck position 
marked by arrows. (b) Corrosion depth plots. (c) Micro-CT images of the x–y 
plane with the outline and bounding rectangles at the neck locations. 
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Figure B.18. Micro-CT results of the K-3 refractory corrosion test, HS24-09_1200C-7d. 
(a) Micro-CT images of the cross section at the center with the neck position 
marked by arrows. (b) Corrosion depth plots. (c) Micro-CT images of the x–y 
plane with the outline and bounding rectangles at the neck locations. 
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Figure B.19. Micro-CT results of the K-3 refractory corrosion test, HS24-10_1150C-7d. 
(a) Micro-CT images of the cross section at the center. (b) Corrosion depth plots, 
no distinguishable neck. 
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Figure B.20. Micro-CT results of the K-3 refractory corrosion test, HS24-10_1200C-7d. 
(a) Micro-CT images of the cross section at the center with the neck position 
marked by arrows. (b) Corrosion depth plots. (c) Micro-CT images of the x–y 
plane with the outline and bounding rectangles at the neck locations. 
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Figure B.21. Micro-CT results of the K-3 refractory corrosion test, HS24-11_1150C-7d. 
(a) Micro-CT images of the cross section at the center. (b) Corrosion depth plots, 
no distinguishable neck. 
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Figure B.22. Micro-CT results of the K-3 refractory corrosion test, HS24-11_1200C-7d. 
(a) Micro-CT images of the cross section at the center with the neck position 
marked by arrows. (b) Corrosion depth plots. (c) Micro-CT images of the x–y 
plane with the outline and bounding rectangles at the neck locations. 
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Figure B.23. Micro-CT results of the K-3 refractory corrosion test, HS24-12_1150C-7d. 
(a) Micro-CT images of the cross section at the center. (b) Corrosion depth plots, 
no distinguishable neck. 
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Figure B.24. Micro-CT results of the K-3 refractory corrosion test, HS24-12_1200C-7d. 
(a) Micro-CT images of the cross section at the center with the neck position 
marked by arrows. (b) Corrosion depth plots. (c) Micro-CT images of the x–y 
plane with the outline and bounding rectangles at the neck locations. 
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Figure B.25. Micro-CT results of the K-3 refractory corrosion test, HS24-13_1150C-7d. 
(a) Micro-CT images of the cross section at the center with the neck position 
marked by arrows. (b) Corrosion depth plots. (c) Micro-CT images of the x–y 
plane with the outline and bounding rectangles at the neck locations. 
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Figure B.26. Micro-CT results of the K-3 refractory corrosion test, HS24-13_1200C-7d. 
(a) Micro-CT images of the cross section at the center with the neck position 
marked by arrows. (b) Corrosion depth plots. (c) Micro-CT images of the x–y 
plane with the outline and bounding rectangles at the neck locations. 



PNNL-39716 Rev. 0 
EWG-RPT-059, Rev. 0 

Appendix B B.28 
 

 

Figure B.27. Micro-CT results of the K-3 refractory corrosion test, HS24-14_1150C-7d. 
(a) Micro-CT images of the cross section at the center. (b) Corrosion depth plots, 
no distinguishable neck. 
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Figure B.28. Micro-CT results of the K-3 refractory corrosion test, HS24-14_1200C-7d. 
(a) Micro-CT images of the cross section at the center with the neck position 
marked by arrows. (b) Corrosion depth plots. (c) Micro-CT images of the x–y 
plane with the outline and bounding rectangles at the neck locations. 
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Figure B.29. Micro-CT results of the K-3 refractory corrosion test, HS24-15_1150C-7d. 
(a) Micro-CT images of the cross section at the center with the neck position 
marked by arrows. (b) Corrosion depth plots. (c) Micro-CT images of the x–y 
plane with the outline and bounding rectangles at the neck locations. 
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Figure B.30. Micro-CT results of the K-3 refractory corrosion test, HS24-15_1200C-7d. 
(a) Micro-CT images of the cross section at the center with the neck position 
marked by arrows. (b) Corrosion depth plots. (c) Micro-CT images of the x–y 
plane with the outline and bounding rectangles at the neck locations. 
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Figure B.31. Micro-CT results of the K-3 refractory corrosion test, HS24-16_1150C-7d. 
(a) Micro-CT images of the cross section at the center with the neck position 
marked by arrows. (b) Corrosion depth plots. (c) Micro-CT images of the x–y 
plane with the outline and bounding rectangles at the neck locations. 
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Figure B.32. Micro-CT results of the K-3 refractory corrosion test, HS24-16_1200C-7d. 
(a) Micro-CT images of the cross section at the center with the neck position 
marked by arrows. (b) Corrosion depth plots. (c) Micro-CT images of the x–y 
plane with the outline and bounding rectangles at the neck locations. 
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Figure B.33. Micro-CT results of the K-3 refractory corrosion test, HS24-17_1150C-7d. 
(a) Micro-CT images of the cross section at the center. (b) Corrosion depth plots, 
no distinguishable neck. 



PNNL-39716 Rev. 0 
EWG-RPT-059, Rev. 0 

Appendix B B.35 
 

 

Figure B.34. Micro-CT results of the K-3 refractory corrosion test, HS24-17_1200C-7d. 
(a) Micro-CT images of the cross section at the center. (b) Corrosion depth plots, 
no distinguishable neck. 
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Figure B.35. Micro-CT results of the K-3 refractory corrosion test, HS24-18_1150C-7d. 
(a) Micro-CT images of the cross section at the center with the neck position 
marked by arrows. (b) Corrosion depth plots. (c) Micro-CT images of the x–y 
plane with the outline and bounding rectangles at the neck locations. 
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Figure B.36. Micro-CT results of the K-3 refractory corrosion test, HS24-18_1200C-7d. 
(a) Micro-CT images of the cross section at the center with the neck position 
marked by arrows. (b) Corrosion depth plots. (c) Micro-CT images of the x–y 
plane with the outline and bounding rectangles at the neck locations. 
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Figure B.37. Micro-CT results of the K-3 refractory corrosion test, HS24-19_1150C-7d. 
(a) Micro-CT images of the cross section at the center. (b) Corrosion depth plots, 
no distinguishable neck. 
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Figure B.38. Micro-CT results of the K-3 refractory corrosion test, HS24-19_1200C-7d. 
(a) Micro-CT images of the cross section at the center. (b) Corrosion depth plots, 
no distinguishable neck. 
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Figure B.39. Micro-CT results of the K-3 refractory corrosion test, HS24-20_1150C-7d. 
(a) Micro-CT images of the cross section at the center with the neck position 
marked by arrows. (b) Corrosion depth plots. (c) Micro-CT images of the x–y 
plane with the outline and bounding rectangles at the neck locations. 
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Figure B.40. Micro-CT results of the K-3 refractory corrosion test, HS24-20_1200C-7d. 
(a) Micro-CT images of the cross section at the center with the neck position 
marked by arrows. (b) Corrosion depth plots. (c) Micro-CT images of the x–y 
plane with the outline and bounding rectangles at the neck locations. 
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Figure B.41. Micro-CT results of the K-3 refractory corrosion test, HS24-21_1150C-7d. 
(a) Micro-CT images of the cross section at the center. (b) Corrosion depth plots, 
no distinguishable neck. 



PNNL-39716 Rev. 0 
EWG-RPT-059, Rev. 0 

Appendix B B.43 
 

 

Figure B.42. Micro-CT results of the K-3 refractory corrosion test, HS24-21_1200C-7d. 
(a) Micro-CT images of the cross section at the center. (b) Corrosion depth plots, 
no distinguishable neck. 
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Figure B.43. Micro-CT results of the K-3 refractory corrosion test, HS24-22_1150C-7d. 
(a) Micro-CT images of the cross section at the center. (b) Corrosion depth plots, 
no distinguishable neck. 
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Figure B.44. Micro-CT results of the K-3 refractory corrosion test, HS24-22_1200C-7d. 
(a) Micro-CT images of the cross section at the center. (b) Corrosion depth plots, 
no distinguishable neck. 
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Figure B.45. Micro-CT results of the K-3 refractory corrosion test, HS24-23_1150C-7d. 
(a) Micro-CT images of the cross section at the center. (b) Corrosion depth plots, 
no distinguishable neck. 
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Figure B.46. Micro-CT results of the K-3 refractory corrosion test, HS24-23_1200C-7d. 
(a) Micro-CT images of the cross section at the center. (b) Corrosion depth plots, 
no distinguishable neck. 
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Figure B.47. Micro-CT results of the K-3 refractory corrosion test, HS24-24_1150C-7d. 
(a) Micro-CT images of the cross section at the center with the neck position 
marked by arrows. (b) Corrosion depth plots. (c) Micro-CT images of the x–y 
plane with the outline and bounding rectangles at the neck locations. 
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Figure B.48. Micro-CT results of the K-3 refractory corrosion test, HS24-24_1200C-7d. 
(a) Micro-CT images of the cross section at the center with the neck position 
marked by arrows. (b) Corrosion depth plots. (c) Micro-CT images of the x–y 
plane with the outline and bounding rectangles at the neck locations. 
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Figure B.49. Micro-CT results of the K-3 refractory corrosion test, HS24-25_1150C-7d. 
(a) Micro-CT images of the cross section at the center with the neck position 
marked by arrows. (b) Corrosion depth plots. (c) Micro-CT images of the x–y 
plane with the outline and bounding rectangles at the neck locations. 
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Figure B.50. Micro-CT results of the K-3 refractory corrosion test, HS24-25_1200C-7d. 
(a) Micro-CT images of the cross section at the center with the neck position 
marked by arrows. (b) Corrosion depth plots. (c) Micro-CT images of the x–y 
plane with the outline and bounding rectangles at the neck locations. 
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Figure B.51. Micro-CT results of the K-3 refractory corrosion test, HS24-26_1150C-7d. 
(a) Micro-CT images of the cross section at the center. (b) Corrosion depth plots, 
no distinguishable neck. 
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Figure B.52. Micro-CT results of the K-3 refractory corrosion test, HS24-26_1200C-7d. 
(a) Micro-CT images of the cross section at the center. (b) Corrosion depth plots, 
no distinguishable neck. 
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Figure B.53. Micro-CT results of the K-3 refractory corrosion test, HS24-27_1150C-7d. 
(a) Micro-CT images of the cross section at the center with the neck position 
marked by arrows. (b) Corrosion depth plots. (c) Micro-CT images of the x–y 
plane with the outline and bounding rectangles at the neck locations. 
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Figure B.54. Micro-CT results of the K-3 refractory corrosion test, HS24-27_1200C-7d. 
(a) Micro-CT images of the cross section at the center with the neck position 
marked by arrows. (b) Corrosion depth plots. (c) Micro-CT images of the x–y 
plane with the outline and bounding rectangles at the neck locations. 



PNNL-39716 Rev. 0 
EWG-RPT-059, Rev. 0 

Appendix B B.56 
 

 

Figure B.55. Micro-CT results of the K-3 refractory corrosion test, HS24-28_1150C-7d. 
(a) Micro-CT images of the cross section at the center with the neck position 
marked by arrows. (b) Corrosion depth plots. (c) Micro-CT images of the x–y 
plane with the outline and bounding rectangles at the neck locations. 
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Figure B.56. Micro-CT results of the K-3 refractory corrosion test, HS24-28_1200C-7d. 
(a) Micro-CT images of the cross section at the center with the neck position 
marked by arrows. (b) Corrosion depth plots. (c) Micro-CT images of the x–y 
plane with the outline and bounding rectangles at the neck locations. 
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Figure B.57. Micro-CT results of the K-3 refractory corrosion test, HS24-29_1150C-7d. 
(a) Micro-CT images of the cross section at the center with the neck position 
marked by arrows. (b) Corrosion depth plots. (c) Micro-CT images of the x–y 
plane with the outline and bounding rectangles at the neck locations. 
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Figure B.58. Micro-CT results of the K-3 refractory corrosion test, HS24-29_1200C-7d. 
(a) Micro-CT images of the cross section at the center with the neck position 
marked by arrows. (b) Corrosion depth plots. (c) Micro-CT images of the x–y 
plane with the outline and bounding rectangles at the neck locations. 
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Figure B.59. Micro-CT results of the K-3 refractory corrosion test, HS24-30_1150C-7d. 
(a) Micro-CT images of the cross section at the center. (b) Corrosion depth plots, 
no distinguishable neck. 
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Figure B.60. Micro-CT results of the K-3 refractory corrosion test, HS24-30_1200C-7d. 
(a) Micro-CT images of the cross section at the center. (b) Corrosion depth plots, 
no distinguishable neck. 
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Figure B.61. Micro-CT results of the K-3 refractory corrosion test, HS24-31_1150C-7d. 
(a) Micro-CT images of the cross section at the center with the neck position 
marked by arrows. (b) Corrosion depth plots. (c) Micro-CT images of the x–y 
plane with the outline and bounding rectangles at the neck locations. 
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Figure B.62. Micro-CT results of the K-3 refractory corrosion test, HS24-31_1200C-7d. 
(a) Micro-CT images of the cross section at the center with the neck position 
marked by arrows. (b) Corrosion depth plots. (c) Micro-CT images of the x–y 
plane with the outline and bounding rectangles at the neck locations. 
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Figure B.63. Micro-CT results of the K-3 refractory corrosion test, HS24-32_1150C-7d. 
(a) Micro-CT images of the cross section at the center. (b) Corrosion depth plots, 
no distinguishable neck. 
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Figure B.64. Micro-CT results of the K-3 refractory corrosion test, HS24-32_1200C-7d. 
(a) Micro-CT images of the cross section at the center. (b) Corrosion depth plots, 
no distinguishable neck. 
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Figure B.65. Micro-CT results of the K-3 refractory corrosion test, HS24-33_1150C-7d. 
(a) Micro-CT images of the cross section at the center. (b) Corrosion depth plots, 
no distinguishable neck. 



PNNL-39716 Rev. 0 
EWG-RPT-059, Rev. 0 

Appendix B B.67 
 

 

Figure B.66. Micro-CT results of the K-3 refractory corrosion test, HS24-33_1200C-7d. 
(a) Micro-CT images of the cross section at the center with the neck position 
marked by arrows. (b) Corrosion depth plots. (c) Micro-CT images of the x–y 
plane with the outline and bounding rectangles at the neck locations. 
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Figure B.67. Micro-CT results of the K-3 refractory corrosion test, HS24-34_1150C-7d. 
(a) Micro-CT images of the cross section at the center. (b) Corrosion depth plots, 
no distinguishable neck. 
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Figure B.68. Micro-CT results of the K-3 refractory corrosion test, HS24-34_1200C-7d. 
(a) Micro-CT images of the cross section at the center with the neck position 
marked by arrows. (b) Corrosion depth plots. (c) Micro-CT images of the x–y 
plane with the outline and bounding rectangles at the neck locations. 
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Figure B.69. Micro-CT results of the K-3 refractory corrosion test, HS24-35_1150C-7d. 
(a) Micro-CT images of the cross section at the center. (b) Corrosion depth plots, 
no distinguishable neck. 
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Figure B.70. Micro-CT results of the K-3 refractory corrosion test, HS24-35_1200C-7d. 
(a) Micro-CT images of the cross section at the center. (b) Corrosion depth plots, 
no distinguishable neck. 
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Figure B.71. Micro-CT results of the K-3 refractory corrosion test, HS24-36_1150C-7d. 
(a) Micro-CT images of the cross section at the center with the neck position 
marked by arrows. (b) Corrosion depth plots. (c) Micro-CT images of the x–y 
plane with the outline and bounding rectangles at the neck locations. 
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Figure B.72. Micro-CT results of the K-3 refractory corrosion test, HS24-36_1200C-7d. 
(a) Micro-CT images of the cross section at the center. (b) Corrosion depth plots, 
no distinguishable neck. 
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Figure B.73. Micro-CT results of the K-3 refractory corrosion test, HS24-37_1150C-7d. 
(a) Micro-CT images of the cross section at the center with the neck position 
marked by arrows. (b) Corrosion depth plots. (c) Micro-CT images of the x–y 
plane with the outline and bounding rectangles at the neck locations. 
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Figure B.74. Micro-CT results of the K-3 refractory corrosion test, HS24-37_1200C-7d. 
(a) Micro-CT images of the cross section at the center with the neck position 
marked by arrows. (b) Corrosion depth plots. (c) Micro-CT images of the x–y 
plane with the outline and bounding rectangles at the neck locations. 
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Figure B.75. Micro-CT results of the K-3 refractory corrosion test, HS24-38_1150C-7d. 
(a) Micro-CT images of the cross section at the center. (b) Corrosion depth plots, 
no distinguishable neck. 
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Figure B.76. Micro-CT results of the K-3 refractory corrosion test, HS24-38_1200C-7d. 
(a) Micro-CT images of the cross section at the center. (b) Corrosion depth plots, 
no distinguishable neck. 
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Figure B.77. Micro-CT results of the K-3 refractory corrosion test, HS24-39_1150C-7d. 
(a) Micro-CT images of the cross section at the center. (b) Corrosion depth plots, 
no distinguishable neck. 
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Figure B.78. Micro-CT results of the K-3 refractory corrosion test, HS24-39_1200C-7d. 
(a) Micro-CT images of the cross section at the center. (b) Corrosion depth plots, 
no distinguishable neck. 
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Figure B.79. Micro-CT results of the K-3 refractory corrosion test, HS24-40_1150C-7d. 
(a) Micro-CT images of the cross section at the center. (b) Corrosion depth plots, 
no distinguishable neck. 
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Figure B.80. Micro-CT results of the K-3 refractory corrosion test, HS24-40_1200C-7d. 
(a) Micro-CT images of the cross section at the center with the neck position 
marked by arrows. (b) Corrosion depth plots. (c) Micro-CT images of the x–y 
plane with the outline and bounding rectangles at the neck locations. 
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Figure B.81. Micro-CT results of the K-3 refractory corrosion test, HS24-41_1150C-7d. 
(a) Micro-CT images of the cross section at the center with the neck position 
marked by arrows. (b) Corrosion depth plots. (c) Micro-CT images of the x–y 
plane with the outline and bounding rectangles at the neck locations. 
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Figure B.82. Micro-CT results of the K-3 refractory corrosion test, HS24-41_1200C-7d. 
(a) Micro-CT images of the cross section at the center with the neck position 
marked by arrows. (b) Corrosion depth plots. (c) Micro-CT images of the x–y 
plane with the outline and bounding rectangles at the neck locations. 
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Figure B.83. Micro-CT results of the K-3 refractory corrosion test, HS24-42_1150C-7d. 
(a) Micro-CT images of the cross section at the center. (b) Corrosion depth plots, 
no distinguishable neck. 
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Figure B.84. Micro-CT results of the K-3 refractory corrosion test, HS24-42_1200C-7d. 
(a) Micro-CT images of the cross section at the center. (b) Corrosion depth plots, 
no distinguishable neck. 
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Figure B.85. Micro-CT results of the K-3 refractory corrosion test, HS24-43_1150C-7d. 
(a) Micro-CT images of the cross section at the center. (b) Corrosion depth plots, 
no distinguishable neck. 
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Figure B.86. Micro-CT results of the K-3 refractory corrosion test, HS24-43_1200C-7d. 
(a) Micro-CT images of the cross section at the center. (b) Corrosion depth plots, 
no distinguishable neck. 
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Figure B.87. Micro-CT results of the K-3 refractory corrosion test, HS24-44_1150C-7d. 
(a) Micro-CT images of the cross section at the center with the neck position 
marked by arrows. (b) Corrosion depth plots. (c) Micro-CT images of the x–y 
plane with the outline and bounding rectangles at the neck locations. 
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Figure B.88. Micro-CT results of the K-3 refractory corrosion test, HS24-44_1200C-7d. 
(a) Micro-CT images of the cross section at the center with the neck position 
marked by arrows. (b) Corrosion depth plots. (c) Micro-CT images of the x–y 
plane with the outline and bounding rectangles at the neck locations. 
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Figure B.89. Micro-CT results of the K-3 refractory corrosion test, HS24-45_1150C-7d. 
(a) Micro-CT images of the cross section at the center with the neck position 
marked by arrows. (b) Corrosion depth plots. (c) Micro-CT images of the x–y 
plane with the outline and bounding rectangles at the neck locations. 
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Figure B.90. Micro-CT results of the K-3 refractory corrosion test, HS24-45_1200C-7d. 
(a) Micro-CT images of the cross section at the center with the neck position 
marked by arrows. (b) Corrosion depth plots. (c) Micro-CT images of the x–y 
plane with the outline and bounding rectangles at the neck locations. 
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Figure B.91. Micro-CT results of the K-3 refractory corrosion test, HS24-46_1150C-7d. 
(a) Micro-CT images of the cross section at the center with the neck position 
marked by arrows. (b) Corrosion depth plots. (c) Micro-CT images of the x–y 
plane with the outline and bounding rectangles at the neck locations. 
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Figure B.92. Micro-CT results of the K-3 refractory corrosion test, HS24-46_1200C-7d. 
(a) Micro-CT images of the cross section at the center with the neck position 
marked by arrows. (b) Corrosion depth plots. (c) Micro-CT images of the x–y 
plane with the outline and bounding rectangles at the neck locations. 
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Figure B.93. Micro-CT results of the K-3 refractory corrosion test, HS24-47_1150C-7d. 
(a) Micro-CT images of the cross section at the center with the neck position 
marked by arrows. (b) Corrosion depth plots. (c) Micro-CT images of the x–y 
plane with the outline and bounding rectangles at the neck locations. 
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Figure B.94. Micro-CT results of the K-3 refractory corrosion test, HS24-47_1200C-7d. 
(a) Micro-CT images of the cross section at the center with the neck position 
marked by arrows. (b) Corrosion depth plots. (c) Micro-CT images of the x–y 
plane with the outline and bounding rectangles at the neck locations. 
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Figure B.95. Micro-CT results of the K-3 refractory corrosion test, HS24-48_1150C-7d. 
(a) Micro-CT images of the cross section at the center. (b) Corrosion depth plots, 
no distinguishable neck. 
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Figure B.96. Micro-CT results of the K-3 refractory corrosion test, HS24-48_1200C-7d. 
(a) Micro-CT images of the cross section at the center with the neck position 
marked by arrows. (b) Corrosion depth plots. (c) Micro-CT images of the x–y 
plane with the outline and bounding rectangles at the neck locations. 



PNNL-39716 Rev. 0 
EWG-RPT-059, Rev. 0 

Appendix B B.98 
 

 

Figure B.97. Micro-CT results of the K-3 refractory corrosion test, HS24-49_1150C-7d. 
(a) Micro-CT images of the cross section at the center with the neck position 
marked by arrows. (b) Corrosion depth plots. (c) Micro-CT images of the x–y 
plane with the outline and bounding rectangles at the neck locations. 
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Figure B.98. Micro-CT results of the K-3 refractory corrosion test, HS24-49_1200C-7d. 
(a) Micro-CT images of the cross section at the center with the neck position 
marked by arrows. (b) Corrosion depth plots. (c) Micro-CT images of the x–y 
plane with the outline and bounding rectangles at the neck locations. 
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Figure B.99. Micro-CT results of the K-3 refractory corrosion test, HS24-50_1150C-7d. 
(a) Micro-CT images of the cross section at the center with the neck position 
marked by arrows. (b) Corrosion depth plots. (c) Micro-CT images of the x–y 
plane with the outline and bounding rectangles at the neck locations. 
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Figure B.100. Micro-CT results of the K-3 refractory corrosion test, HS24-50_1200C-7d. 
(a) Micro-CT images of the cross section at the center with the neck position 
marked by arrows. (b) Corrosion depth plots. (c) Micro-CT images of the x–y 
plane with the outline and bounding rectangles at the neck locations. 
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Appendix C – Original Data from Micro-CT Measurements 

This appendix presents the original dimensional data measured by micro-CT, including the neck 
corrosion depth (𝑑neck) and the neck location (ℎneck, the height of the identified neck from the 
bottom of the coupon) from directions A and B. The average neck corrosion depth values 
(𝑑neck avg) and the standard deviations (SDs) were calculated. In this appendix, all original data 
are reported in millimeters. Note that some neck corrosion depth values are zero or negative; 
the possible causes include the low corrosivity of some glass melts, slight expansion due to 
interfacial reactions, and experimental errors. The test coupons that do not show distinguishable 
neck corrosion are marked in the table below. The neck depths reported in Section 3.0 
(Table 3.1) have been converted to inches. In Section 3.0, the data measured from coupons 
without a distinguishable neck are considered below the detection limit and disregarded. 

Table C.1. Neck corrosion depth and the neck location of the 1150 °C for 7 days tested 
coupons, HS24-01 through HS24-25. All values are in millimeters. 

Sample ID 𝑑neck,A
 ℎneck,A

 𝑑neck,B
 ℎneck,B

 𝑑neck avg SD 

HS24-01_1150C-7d 0.02 22.48 0.04 22.34 0.03 0.014 

HS24-02_1150C-7d 0.48 18.08 0.5 18.52 0.49 0.014 

HS24-03_1150C-7d* 0.04 25.56 0.08 21.92 0.06 0.028 

HS24-04_1150C-7d 0.96 18.8 0.92 18.82 0.94 0.028 

HS24-05_1150C-7d 0.72 17.18 0.72 17.04 0.72 0.000 

HS24-06_1150C-7d* 0.02 21.06 0 21.62 0.01 0.014 

HS24-07_1150C-7d 0.1 23.98 0.12 23 0.11 0.014 

HS24-08_1150C-7d* 0 25.08 0 28.66 0.00 0.000 

HS24-09_1150C-7d 1.04 18.82 0.96 18.8 1.00 0.057 

HS24-10_1150C-7d* −0.04 20.3 −0.04 21.46 −0.04 0.000 

HS24-11_1150C-7d* 0.02 26.2 −0.02 24.76 0.00 0.028 

HS24-12_1150C-7d* −0.02 26.82 −0.02 25.66 −0.02 0.000 

HS24-13_1150C-7d 0.18 20.84 0.2 21 0.19 0.014 

HS24-14_1150C-7d* −0.04 25.28 −0.02 20.08 −0.03 0.014 

HS24-15_1150C-7d 0.2 22.28 0.18 22.26 0.19 0.014 

HS24-16_1150C-7d 0.02 18.48 0 18.86 0.01 0.014 

HS24-17_1150C-7d* 0 31.12 0.02 28.96 0.01 0.014 

HS24-18_1150C-7d 0.26 22.76 0.28 22.6 0.27 0.014 

HS24-19_1150C-7d* 0 33.96 0 33.72 0.00 0.000 

HS24-20_1150C-7d 0.46 20.76 0.48 21.08 0.47 0.014 

HS24-21_1150C-7d* 0.04 26.5 0.02 24.84 0.03 0.014 

HS24-22_1150C-7d* 0.02 29.96 0 28.76 0.01 0.014 

HS24-23_1150C-7d* 0.02 32.98 −0.02 29.78 0.00 0.028 

HS24-24_1150C-7d 0.1 19.8 0.2 19.42 0.15 0.071 

HS24-25_1150C-7d 0.72 19.92 0.76 19.82 0.74 0.028 

* No distinguishable neck corrosion. 
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Table C.2. Neck corrosion depth and the neck location of the 1150 °C for 7 days tested 
coupons, HS24-26 through HS24-50. All values are in millimeters. 

Sample ID 𝑑neck,A
 ℎneck,A

 𝑑neck,B
 ℎneck,B

 𝑑neck avg SD 

HS24-26_1150C-7d* −0.06 30.02 0 31.22 −0.03 0.042 

HS24-27_1150C-7d 0.36 20.4 0.42 20.12 0.39 0.042 

HS24-28_1150C-7d 0.12 22.92 0.14 22.82 0.13 0.014 

HS24-29_1150C-7d 0.36 21.32 0.36 21.62 0.36 0.000 

HS24-30_1150C-7d* 0 27.98 0.04 27.54 0.02 0.028 

HS24-31_1150C-7d 0.1 20.08 0.12 19.96 0.11 0.014 

HS24-32_1150C-7d* −0.06 25.92 −0.02 31.3 −0.04 0.028 

HS24-33_1150C-7d* −0.04 28.62 −0.04 27.56 −0.04 0.000 

HS24-34_1150C-7d* −0.04 24.96 −0.02 24.84 −0.03 0.014 

HS24-35_1150C-7d* −0.02 24.08 −0.02 24.32 −0.02 0.000 

HS24-36_1150C-7d 0.02 27.42 0.02 27.22 0.02 0.000 

HS24-37_1150C-7d 0.12 16.96 0.1 16.96 0.11 0.014 

HS24-38_1150C-7d* 0.02 28.96 0.02 28.42 0.02 0.000 

HS24-39_1150C-7d* −0.02 24.28 0 28.84 −0.01 0.014 

HS24-40_1150C-7d* −0.02 25.32 −0.02 18.8 −0.02 0.000 

HS24-41_1150C-7d 0.12 24.34 0.18 23.88 0.15 0.042 

HS24-42_1150C-7d* 0 31.36 0 28.66 0.00 0.000 

HS24-43_1150C-7d* 0 23.56 0 23.88 0.00 0.000 

HS24-44_1150C-7d 0.12 21.14 0.14 21.18 0.13 0.014 

HS24-45_1150C-7d 0 22.74 0.08 22.74 0.04 0.057 

HS24-46_1150C-7d 0.04 20.8 0.06 20.96 0.05 0.014 

HS24-47_1150C-7d 0.06 23.18 0.06 20.58 0.06 0.000 

HS24-48_1150C-7d* 0 19.88 −0.02 19.24 −0.01 0.014 

HS24-49_1150C-7d 0.96 20 0.94 20.46 0.95 0.014 

HS24-50_1150C-7d 0.28 19.98 0.32 19.78 0.30 0.028 

* No distinguishable neck corrosion. 
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Table C.3. Neck corrosion depth and the neck location of the 1200 °C for 7 days tested 
coupons, HS24-01 through HS24-25. All values are in millimeters. 

Sample ID 𝑑neck,A
 ℎneck,A

 𝑑neck,B
 ℎneck,B

 𝑑neck avg SD 

HS24-01_1200C-7d 0.1 23.68 0.08 23.52 0.09 0.014 

HS24-02_1200C-7d 0.84 21.08 0.72 21.36 0.78 0.085 

HS24-03_1200C-7d 0.08 21.04 0.1 20.24 0.09 0.014 

HS24-04_1200C-7d 1.22 18.72 1.22 18.58 1.22 0.000 

HS24-05_1200C-7d 1 21 1.02 21 1.01 0.014 

HS24-06_1200C-7d* 0 26.62 0 23.22 0.00 0.000 

HS24-07_1200C-7d 0.2 21.96 0.2 21.62 0.20 0.000 

HS24-08_1200C-7d* 0.02 31.78 0.06 19 0.04 0.028 

HS24-09_1200C-7d 0.68 19.1 0.64 19.04 0.66 0.028 

HS24-10_1200C-7d 0.08 19.32 0.04 19.54 0.06 0.028 

HS24-11_1200C-7d 0.04 24.7 0.06 24.04 0.05 0.014 

HS24-12_1200C-7d 0.02 28.48 0.06 27.9 0.04 0.028 

HS24-13_1200C-7d 0.16 20.64 0.18 20.96 0.17 0.014 

HS24-14_1200C-7d 0.04 20.1 0.04 19.72 0.04 0.000 

HS24-15_1200C-7d 0.36 22.62 0.36 22.38 0.36 0.000 

HS24-16_1200C-7d 0.14 17.62 0.2 18.18 0.17 0.042 

HS24-17_1200C-7d* 0 28.38 0 28.46 0.00 0.000 

HS24-18_1200C-7d 0.34 20.84 0.4 20.9 0.37 0.042 

HS24-19_1200C-7d* −0.06 20.78 −0.06 23.14 −0.06 0.000 

HS24-20_1200C-7d 0.68 21.16 0.72 21.46 0.70 0.028 

HS24-21_1200C-7d* 0.06 19.52 0.06 24.22 0.06 0.000 

HS24-22_1200C-7d* −0.02 22.7 −0.04 27.94 −0.03 0.014 

HS24-23_1200C-7d* −0.02 15.42 −0.02 15.04 −0.02 0.000 

HS24-24_1200C-7d 0.18 16.62 0.14 16.56 0.16 0.028 

HS24-25_1200C-7d 0.98 20.86 1 21.22 0.99 0.014 

* No distinguishable neck corrosion. 
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Table C.4. Neck corrosion depth and the neck location of the 1200 °C for 7 days tested 
coupons, HS24-26 through HS24-50. All values are in millimeters. 

Sample ID 𝑑neck,A
 ℎneck,A

 𝑑neck,B
 ℎneck,B

 𝑑neck avg SD 

HS24-26_1200C-7d* 0 24.48 −0.02 32.24 −0.01 0.014 

HS24-27_1200C-7d 0.54 20.12 0.58 20.04 0.56 0.028 

HS24-28_1200C-7d 0.22 22.86 0.24 22.64 0.23 0.014 

HS24-29_1200C-7d 0.5 19.5 0.48 18.7 0.49 0.014 

HS24-30_1200C-7d* −0.02 33.08 −0.02 33.2 −0.02 0.000 

HS24-31_1200C-7d 0.06 21.68 0.04 21.56 0.05 0.014 

HS24-32_1200C-7d* 0 18.74 0 18.28 0.00 0.000 

HS24-33_1200C-7d 0.02 24.32 0.04 27.84 0.03 0.014 

HS24-34_1200C-7d 0.04 23.2 0.06 22.68 0.05 0.014 

HS24-35_1200C-7d* 0.02 17.58 0.02 15.48 0.02 0.000 

HS24-36_1200C-7d* −0.02 22.52 0 26.94 −0.01 0.014 

HS24-37_1200C-7d 0.24 20.54 0.28 20.92 0.26 0.028 

HS24-38_1200C-7d* 0.04 28.92 0.04 27.94 0.04 0.000 

HS24-39_1200C-7d* 0 21 0.02 17.32 0.01 0.014 

HS24-40_1200C-7d 0.06 20.64 0.02 20.98 0.04 0.028 

HS24-41_1200C-7d 0.24 24.46 0.26 23.98 0.25 0.014 

HS24-42_1200C-7d* −0.02 29.88 −0.02 32.08 −0.02 0.000 

HS24-43_1200C-7d* 0 21.86 −0.02 21.36 −0.01 0.014 

HS24-44_1200C-7d 0.12 21.48 0.12 21.7 0.12 0.000 

HS24-45_1200C-7d 0.06 20.52 0.12 20.38 0.09 0.042 

HS24-46_1200C-7d 0.1 23.22 0.08 22.94 0.09 0.014 

HS24-47_1200C-7d 0.2 21.14 0.24 20.96 0.22 0.028 

HS24-48_1200C-7d 0.02 20 0.02 20.4 0.02 0.000 

HS24-49_1200C-7d 1.62 16.7 1.66 16.52 1.64 0.028 

HS24-50_1200C-7d 0.26 22.2 0.24 22.18 0.25 0.014 

* No distinguishable neck corrosion. 
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