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EXECUTIVE SUMMARY

The Defense Waste Processing Facility (DWPF) is presently vitrifying Sludge Batch 3 (SB3) and
preparing to process Sludge Batch 4 (SB4) in late 2006 or early 2007. Previous laboratory testing and
DWPF operational experience has indicated that the maximum waste throughput peak for the Sludge
Batch (SB2) system occurs at a waste loading in the mid-30’s." This trend has been shown as well for
SB3 on a lab-scale basis.? These SB3 tests used SRAT product that targeted a REDuction/OXidation
(REDOX) of 0.2 and an acid stoichiometry of 135%. Acid stoichiometry, however, has been shown
to impact the melt rate in MRF tests at one waste loading (35%).> Due to the impact of acid
stoichiometry on melt rate, it is possible that the current target acid stoichiometry (155%) with SB3
may not exhibit the same maximum waste throughput peak, or there may not even be a discernable
peak. In fact, current DWPF operational experience with SB3 and Frit 418 has not shown the same
drop off in melt rate and hence waste throughput as was observed with SB2 and Frit 320.°

The objective of this testing is to determine if increasing the overall alkali content in the feed (via
using the higher alkali Frit 320 versus Frit 418 ) will either result in a shift in the waste throughput to
higher waste loadings or an increase in the overall waste throughput at waste loadings of interest (31
to 41%). For these tests, the target SRAT product REDOX was 0.2 and the target acid stoichiometry
was 155% (both are current DWPF feed preparation targets). The incentive for this series of tests
stems from a previous SMRF test with SB3/Frit 320 feed which showed an increase in melt rate
versus SB3/Frit 418 at 35% waste loading.* This single data point suggests that overall waste
throughput for the SB3/Frit 320 feed system is higher at 35% waste loading (i.e., the melt rate versus
waste loading curve has potentially shifted upward). To address the potential shift in waste
throughput, the strategy was to fully characterize the impact of waste loading on melt rate for the
SB3/Frit 320 and SB3/Frit 418 systems. This will allow for potential shifts in waste throughput to be
assessed via a change in frit composition. Initially, the MRF was utilized. SMRF testing was
planned to be run after the MRF tests, but the decision was made to not perform the SMRF tests due
to the MRF results. The MRF tests showed that for the SB3/Frit 418 feed system, both melt rate and
waste throughput remained fairly constant as waste loading increased from 33-41%. For the SB3/320
feed system, melt rate did drop with increased waste loading and there was an apparent waste
throughput peak at about 35% waste loading. Waste throughput for the SB3/Frit 320 decreased with
increased waste loading. No determination on any shift of the waste throughput peak with the higher
alkali Frit 320 could be made as the SB3/Frit 418 feed system tested had no discernable waste
throughput peak to compare with the SB3/Frit 320 waste throughput peak.

Melt rate and waste throughput for most waste loadings tested were increased with Frit 320 (when
compared to Frit 418). As the waste loading increased, the impact of the higher alkali Frit 320 was
lessened as the glass compositions became similar (at 39% and 41% waste loadings, melt rate and
waste throughput were essentially the same with the two frits). If Frit 320 were used in DWPF,
higher waste throughputs could possibly be achieved at about 35% waste loading, but at this time the
emphasis is to run at higher waste loadings (near 40%) to minimize the number of discrete canisters
produced. Indeed, the results indicate that DWPF may be able to increase SB3 waste loading without
much of a decrease in waste throughput when using Frit 418. This testing also indicates that it may
be possible to process certain future sludge batches at higher waste loadings without negatively
impacting waste loading. Testing of each future sludge batch will be required.

Tests were performed with non-radioactive, simulated SB3 material. Due to the small-scale of the

test equipment and the design of the equipment, as well as the use of dry, non-radioactive simulant
feed, the behavior of the actual radioactive SB3 feed in the DWPF melter cannot be fully proven.
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1.0 INTRODUCTION

The Defense Waste Processing Facility (DWPF) is presently vitrifying Sludge Batch 3 (SB3) and
preparing to process Sludge Batch 4 (SB4) in late 2006 or early 2007. Previous laboratory testing and
DWPF operational experience has indicated that the maximum waste throughput peak for the Sludge
Batch 2 (SB2) system occurs at a waste loading in the mid-30’s." This trend has been shown as well for
SB3 on a lab-scale basis.” These SB3 tests used SRAT product that targeted a REDuction/OXidation
(REDOX) of 0.2 and an acid stoichiometry of 135%. Acid stoichiometry, however, has been shown to
impact melt rate of MRF tests at one waste loading (35%).2 Due to the impact of acid stoichiometry on
melt rate, it is possible that the current target acid stoichiometry (155%) with SB3 may not exhibit the
same maximum waste throughput peak, or there may not even be a discernable peak. In fact, current
DWPF operational experience with SB3 and Frit 418 has not shown the same drop off in melt rate and
hence waste throughput as was observed with SB2 and Frit 320.3

The objective of this testing is to determine if increasing the overall alkali content in the feed (via using
the higher alkali Frit 320 versus Frit 418 ) will either result in a shift in the waste throughput to higher
waste loadings or an increase in the overall waste throughput at waste loadings of interest (31 to 41%).
For these tests, the target Sludge Receipt and Adjustment Tank (SRAT) product REDOX was 0.2 and the
target acid stoichiometry was 155%. The incentive for this series of tests stems from a previous Slurry-
Fed Melt Rate Furnace (SMRF) test with SB3/Frit 320 feed which showed an increase in melt rate versus
SB3/Frit 418 at 35% waste loading.* This single data point suggests that overall waste throughput for the
SB3/Frit 320 system is higher at 35% waste loading (i.e., the melt rate versus waste loading curve has
potentially shifted upward). To address the potential shift in waste throughput, the strategy was to fully
characterize the impact of waste loading (ranging from about 30 to 40%) on melt rate for the SB3/Frit 320
and SB3/Frit 418 feed systems. This will allow for potential shifts in waste throughput to be assessed via
a change in frit composition. Initially, the dry-fed Melt Rate Furnace (MRF) was utilized. Based on the
MRF results, the tests had a decision point on whether or not to continue testing using the SMRF.

This task was initiated by DWPF Engineering via Task Technical Request (TTR) HLW-DWPF-2004-
0030 to the Savannah River Laboratory (SRNL). The work was performed per Task Technical and
Quality Assurance Plan WSRC-RP-2004-00713.

Tests were performed with non-radioactive, simulated SB3 material. Due to the small-scale of the test
equipment and the design of the equipment, as well as the use of dry, non-radioactive simulant feed, the
behavior of the actual radioactive SB3 feed in the DWPF melter cannot be fully proven.



WSRC-TR-2005-00456

2.0 EXPERIMENTAL
2.1 22-L Feed Preparation Details

The SB3 SRAT product for the all of the Maximizing Waste Throughput (MWT) tests was made per run
plan SRNL-ITS-2005-00056 in an Aiken County Technology Laboratory (ACTL) 22-L SRAT. The
feed preparation process targets were 155% acid stoichiometry and 0.2 REDOX. The SRAT product
identification number was FMPR-0134. The elemental analysis of the SRAT product and the target SB3
surrogate composition are given in Table 2-1. All weight percents are the average of analyses of two
samples pulled after the SRAT run. Documentation of the feed preparation run will be documented in a
future report.

Table 2-1. Elemental Analysis and Target Composition of 22-L SRAT Product for MWT Tests

WT. % TARGET SB3

(CALCINED SURROGATE

ELEMENT 1100 °C) COMPOSTION
Al 9.07 9.57
Ba 0.125 0.139
Ca 2.82 2.37
Cr 0.144 0.153
Cu 0.126 0.157
Fe 26.8 28.35
K 0.132 0.122
Mg 2.43 2.15
Mn 4.57 4.07
Na 14.8 14.05
Ni 0.908 1.06
S 0.413 0.35
Si 1.07 1.04
Zn 0.315 0.323
Zr 0.436 0.486

2.2 MRF MWT Testing Details

The dry-fed MRF has a cylindrical inner chamber that is approximately 0.5 cubic feet in size, with
heating coils winding around the chamber walls. The diameter of the chamber is ~7”, and an insulating
sleeve and a 1200 mL stainless steel beaker (6” deep) were inserted from the top. The tests were
conducted with the stainless steel beakers inserted with the sleeve so that the beaker bottom was
approximately flush with the top of the uppermost chamber coil. An insulating block was used to cover
the beaker. The furnace was heated to 1150°C with the top opening covered. Once the furnace reached
the setpoint, the cover was removed and the beaker containing sufficient dried, sieved material to
produce 525 grams of glass was inserted. After 50 minutes, the beaker was removed from the furnace
and allowed to cool to room temperature.

This residence time in the furnace was determined during testing in 2002 to establish a standard test time
for melt rate comparison for this dry-fed furnace.® After cooling down, the beakers are then sectioned.
The relative melt rate is determined by measuring the height of the glass layer in the bottom of each
sectioned beaker at 0.25” intervals. The average height and duration in the furnace is used to yield a
relative linear melt rate number (inches/hour). General observations of the sectioned beaker are also used
to describe differences between runs.
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3.0 RESULTS AND DISCUSSION

The MWT MRF tests for SB3/Frit 320 were run between April 6 and April 8, 2005. The SB3/Frit 418
tests were run on April 12 and April 13, 2005. The linear melt rates (LMR, expressed in inches/hour) for
the two tests are given in Table 3-1. From past MRF testing experience®?, it appears that the LMR’s for
the 37% waste loading tests for both Frit 418 and Frit 320 are suspect as melt rate usually either remains
the same or drops with increasing waste loading. For the Frit 418 test at 37% waste loading, the LMR is
too low when compared to the 35, 39, and 41% waste loading tests. For the Frit 320 test at 37% waste
loading, the LMR is too high when compared to the 33 and 35% waste loading tests.

Table 3-1. Linear Melt Rates (Inches/Hr) for the MRF MWT Tests

WASTE SB3/FRIT 418 | SB3/FRIT 320
LOADING (LMR) (LMR)
31 0.59 0.67
33 0.50 0.59
35 0.51 0.60
37 0.41 0.67
39 0.47 0.48
41 0.48 0.45

Due to these apparent outliers, glass samples from each test were taken and analyzed to determine if there
were any batching problems for the tests. The results of the analyses are given in the Appendix. Waste
loadings (WL) were calculated for each glass by using the analyzed weight percents of both Al,O3 and
Li,O. The target and measured waste loadings using these two oxides are given in Table 3-2. The
formulas used to calculate waste loading using both oxides are given below. All weight percents cited are
normalized. The weight percent of Al,Ozin the sludge was 17.8%. The weight percents of Li,O in the
Frit 418 and 320 used were both 7.91%.

Table 3-2. Target and Calculated WL’s (Using Al,Osand Li,0) for the MRF MWT Tests

SB3/FRIT 418 | SB3/FRIT 418 | SB3/FRIT320 | SB3/FRIT 320
TARGET | CALCULATED | CALCULATED | CALCULATED | CALCULATED
WL WL (Al,0; WL (Li,O WL (Al,05 WL (Li,O
METHOD) METHOD) METHOD) METHOD)
31 328 29.0 32.6 32.4
33 35.0 305 34.7 338
35 36.2 32.2 36.5 34.8
37 39.1 35.7 37.7 34.9
39 40.0 35.8 41.0 38.1
41 41.8 37.2 43.3 395

Waste Loading (via Al,O3; Method) = (Wt % Al,O3; Feed / Wt % Al,O3 Sludge) x 100%

Waste Loading (via Li,O Method) = (1 — (Wt % Li,O Glass/Wt % Li,O Frit)) x 100%

In general, the calculated waste loadings did increase as the targeted waste loadings increased.

Depending on the oxide used to calculate melt rate, one could argue that indeed the SB3/Frit 418 at 37%
waste loading test had a higher than targeted waste loading (39.1% using Al,O3) that would result in a

lower melt rate, while the SB3/Frit 320 at 37% waste loading test had a higher than targeted waste

3
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loading (34.9% using Li,O) that would result in a higher melt rate. This logic does not work well,
however, if both waste loading calculations are considered equal or if melt rates from similar calculated
waste loadings (for example the melt rates for SB3/Frit 320 at targeted waste loadings of 35 and 37% via
the Li,O method) are compared (34.8 and 34.9 inches/hr.). In addition, the relative amounts of Na,O and
SiO, were compared with increasing waste loading for both tests. Both trended correctly as Na,O
increased and SiO, decreased with increasing waste loading.

After reviewing all of the data, it was decided that the best way to plot the results was to average the melt
rates for the 35 and 39% waste loadings for the two frits tested and then use the averages for the 37%
waste loading melt rates. As discussed before, part of the decision was based on past impact of waste
loading MRF tests. This resulted in calculated linear melt rates of 0.49 and 0.54 inches/hr respectively for
the SB3/Frit 418 and SB3/Frit 320 for the 37% waste loading MRF tests. With these results, the impact
on melt rate for the two feeds from increasing waste loading is plotted in Figure 3-1.

0.7
0.65 ™

0.6 \ \._/"\
X 0.55
- 05 \\ I \

0.45

0.4 ‘ ‘ ‘ ‘ ,
30 32 34 36 38 40 42

Targeted Waste Loading —e— SB3/Frit418
—=—  SB3/Frit 320

Figure 3-1. Impact of Waste Loading on SB3 MRF Linear Melt Rate*
* Note: Used calculated LMR’s for 37% waste loading values for both Frit 418 and Frit 320

Figure 3-1 shows that melt rate for the SB3/Frit 320 feed decreased as waste loading increased as has
been observed in previous MRF waste loading tests for SB2* and SB3/Frit 418.% For the SB3/Frit 418
feed, however, the melt rate was not lowered much with increasing waste loading (after 31% waste
loading). This contradicts the previous SB3/Frit 418 MRF melt rate results.?> These previous SB3/Frit
418 MRF tests, however, used a SRAT with a targeted acid stoichiometry of 135%. Acid stoichiometry
has been shown to impact the melt rate of MRF tests at one waste loading (35%).2 Therefore, it is
possible that the MRF melt rate trends previously observed with SB3/Frit 418 at 135% acid stoichiometry
may not be exhibited with the same feed at an acid stoichiometry of 155%. The relative lack of drop in
melt rate seen with SB3/Frit 418 as shown in Figure 3-1 would indicate that it may be possible to operate
at higher waste loadings at DWPF with SB3 and Frit 418 (at the current 155% acid stoichiometry)
without much loss in melt rate. As was expected, the melt rates for the higher alkali Frit 320 were higher
than Frit 418 for the same waste loadings. This was true up to 39% waste loading when melt rates for
both frits with SB3 converge. This is because as the waste loading goes up the feed/glass compositions
for the two feed systems become more similar. This is due to the fact that the feed/glass composition is
increasingly dominated by the sludge composition.

This melt rate data was then used to determine the Waste Throughput Factor (WTF) for the various tests.
WTF is a measure of the rate that waste can be processed and is calculated by the following formula.

4
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WTF = LMR (inches/hr) x WL

For example, a MRF test with a LMR of 0.5 inches per hour and a waste loading (WL) of 35% would
have a resultant WTF of 17.5. WTF’s can be used to compare relative waste throughputs of various feeds
(no matter which sludge, frit, waste loading, REDOX, etc). Figure 3-2 gives the WTF’s for these tests as
a function of waste loading. Target waste loadings are used in the WTF values cited.

22
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20 -\
19 -
18 -

16
15
14 |
13

12 ‘ ‘ ‘ ‘ ‘ " | —e— SB3/Frit 418
30 32 34 36 38 40 42

Waste Loading —=— SB3/Frit 320

Figure 3-2. Impact of Waste Loading on WTF’s for SB3 with Frits 418 and 320

Figure 3-2 shows that there does not appear to be a waste throughput peak for SB3/Frit 418. Waste
throughput remained about the same as waste loading increased. The SB3/Frit 320 feed system may have
a waste throughput peak in the mid-30’s waste loading that drops off as waste loading is increased. If Frit
320 were used in DWPF, higher waste throughputs could possibly be achieved at about 35% waste
loading, but at this time the emphasis is to run at higher waste loadings (near 40%) to minimize the
number of discrete canisters produced. Indeed, the results indicates that DWPF may be able to increase
SB3 waste loading without much of a decrease (if any) in waste throughput when using Frit 418. As with
the melt rates, the waste throughputs for the two different frits become similar with increasing waste
loading. Therefore there appears to be no benefit to use Frit 320 (versus Frit 418 which is now being used
at DWPF) at the higher waste loadings now being targeted at DWPF. Finally, no comparison in the shift
in the waste throughput peak could be made as no peak was observed for the SB3/Frit 418 feed system.

With these findings, as well as the recent increase in the targeted DWPF waste loading late in FY05 to
around 40%, it was decided to not perform the SMRF MWT tests. MWT tests should be runs for future
sludge batches, as the results may show that unlike these results for SB3, certain frits shift waste
throughput to higher waste loadings.
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4.0 CONCLUSIONS

The following conclusions can be made with regards the SB3 Maximizing Waste Throughput MRF melt
rate tests:

o Melt rate for the SB3/Frit 320 feed decreased as waste loading increased as has been observed in
previous MRF waste loading tests for this system.! For the SB3/Frit 418 feed, however, the melt
rate was not lowered much with increasing waste loading (after 31% waste loading). This
contradicts previous MRF testing with SB3/Frit 418.% The main difference between these two
SB3/Frit 418 tests was the targeted acid stoichiometry for the SRAT product. The previous tests
targeted 135%, while the tests in this report used the current DWPF acid stoichiometry target of
155%. Previous MRF tests showed that acid stoichiometry does impact melt rate at one waste
loading (35%), so it is possible that a different trend could occur due to a change in the targeted
acid stoichiometry.

e Aswas expected, the melt rates for the higher alkali Frit 320 were more than those for Frit 418 at
the same waste loadings. This was true up to 39% waste loading when melt rates for both frits
with SB3 converge. This is because as the waste loading goes up the feed/glass compositions for
the two feed systems become more similar.

e There does not appear to be a waste throughput peak for SB3/Frit 418 for the range of waste
loadings tested. Waste throughput remained about the same as waste loading increased.

o The SB3/Frit 320 feed system has a waste throughput peak in the mid-30’s waste loading.

o |If Frit 320 were used in DWPF with SB3, higher waste throughputs could possibly be achieved at
about 35% waste loading, but at this time the emphasis is to run at higher waste loadings (near
40%) to minimize the number of discrete canisters produced.

e With regards to SB3/Frit 418 melt rate only, the observed “flat” trend in melt rate at 155% acid
stoichiometry would indicate that it may be possible to operate at higher waste loadings at DWPF
with SB3/Frit 418. In addition, The test results indicate that DWPF may be able to increase SB3
waste loading without much of a decrease in waste throughput when using Frit 418.

o As with the melt rates, the waste throughputs for the two different frits become similar with
increasing waste loading as the glass compositions become more similar.

5.0 RECOMMENDATIONS/PATH FORWARD

The following recommendations/path forward are given as a result of the findings of the SB3 Maximizing
Waste Throughput MRF melt rate tests:

o MWT tests should be runs for future sludge batches, as the results may show that unlike these
results for SB3, certain frits shift waste throughput to higher waste loadings.
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APPENDIX — ANALYSES OF MWT MRF GLASS AND CALCULATED WASTE LOADINGS USING Li,0 and Al,O;

oxide wt% - calcined 1100C Al203 B203 BaO CaO Cr203 CuO Fe203 K20 Li20 MgO MnO Na20
SMRF-0194 (A) Frit 320 31WL 05-0356 5.88 5.40 0.066 1.06 0.126 0.062 13.4 0.092 5.42 1.28 1.80 14.0
SMRF-0194 (B) 05-0356 5.74 5.36 0.066 1.06 0.125 0.067 13.7 0.095 5.30 1.26 1.84 13.8
SMRF-0195 (A) Frit 320 33WL 05-0357 6.13 5.23 0.069 1.17 0.101 0.066 13.8 0.102 5.21 1.40 2.04 14.6
SMRF-0195 (B) 05-0357 6.20 5.13 0.070 1.18 0.088 0.065 13.5 0.101 5.25 1.41 2.01 14.7
SMRF-0196 (A) Frit 320 35WL 05-0358 6.53 5.06 0.067 1.24 0.103 0.063 13.9 0.100 5.14 1.36 1.96 14.5
SMRF-0196 (B) 05-0358 6.49 5.11 0.066 1.19 0.102 0.064 14.0 0.101 5.18 1.34 1.98 14.7
SMRF-0197 (A) Frit 320 37WL 05-0359 6.78 5.05 0.080 1.23 0.099 0.070 14.0 0.119 5.19 1.46 1.96 14,5
SMRF-0197 (B) 05-0359 6.59 5.00 0.078 1.21 0.098 0.071 14.2 0.125 5.08 1.43 1.99 14.5
SMRF-0198 (A) Frit 320 39WL 05-0360 7.35 4.82 0.082 1.42 0.101 0.078 15.5 0.132 4.87 1.60 2.29 15.1
SMRF-0198 (B) 05-0360 7.10 4.59 0.083 1.40 0.102 0.077 14.7 0.131 4.80 1.61 2.15 15.2
SMRF-0199 (A) Frit 320 41WL 05-0361 7.71 4.61 0.087 1.49 0.107 0.081 16.1 0.134 4.79 1.72 2.41 15.5
SMRF-0199 (B) 05-0361 7.73 4.63 0.085 1.47 0.106 0.080 16.0 0.134 4.80 1.69 2.39 15.6
SMRF-0200 (A) Frit 418 31WL 05-0362 5.78 5.66 0.045 1.06 0.090 0.063 12.5 0.075 5.70 1.21 1.79 11.9
SMRF-0200 (B) 05-0362 6.12 571 0.046 1.11 0.091 0.061 12.9 0.073 5.73 1.22 1.85 11.9
SMRF-0201 (A) Frit 418 33WL 05-0363 6.25 5.40 0.048 1.17 0.095 0.060 13.5 0.078 5.53 1.30 1.94 11.9
SMRF-0201 (B) 05-0363 6.20 5.37 0.049 1.25 0.097 0.061 13.7 0.078 5.47 1.32 1.92 12.1
SMRF-0202 (A) Frit 418 35WL 05-0364 6.55 5.22 0.052 1.24 0.093 0.068 14.1 0.083 5.43 1.40 2.08 12.2
SMRF-0202 (B) 05-0364 6.47 5.24 0.051 1.25 0.091 0.066 14.1 0.085 5.40 1.38 2.07 12.3
SMRF-0203 (A) Frit 418 37WL 05-0365 7.09 5.00 0.054 1.29 0.117 0.074 15.6 0.087 5.17 1.47 2.25 12.6
SMRF-0203 (B) 05-0365 6.93 4.96 0.053 1.27 0.115 0.075 15.6 0.087 5.09 1.45 2.24 12.3
SMRF-0204 (A) Frit 418 39WL 05-0366 7.14 4.90 0.056 1.36 0.104 0.076 15.2 0.088 5.10 1.48 2.21 12.3
SMRF-0204 (B) 05-0366 7.10 4.87 0.055 1.35 0.102 0.076 15.3 0.088 5.06 1.47 2.22 12.9
SMRF-0205 (A) Frit 418 41WL 05-0367 7.44 4.78 0.058 1.39 0.101 0.080 15.8 0.093 4.95 1.52 2.32 12.8
SMRF-0205 (B) 05-0367 7.43 4.75 0.058 1.37 0.101 0.079 15.5 0.089 4.97 1.52 2.29 12.7
Al203 WL SB3/Frit 320 31WL| 32.6 Li20 WL SB3/Frit 320 31WL| 32.4 |CALCULATED WL's USING AL203 & Li20
Al203 WL SB3/Frit 320 33WL| 34.7 Li20 WL SB3/Frit 320 33WL 33.8
Al203 WL SB3/Frit 320 35WL| 36.5 Li20 WL SB3/Frit 320 35WL| 34.8
Al203 WL SB3/Frit 320 37WL| 37.7 Li20 WL SB3/Frit 320 37WL| 34.9
Al203 WL SB3/Frit 320 39WL| 41.0 Li20 WL SB3/Frit 320 39WL| 38.1
Al203 WL SB3/Frit 320 41WL| 43.3 Li20 WL SB3/Frit 320 41WL| 39.5
\ \ [
Norm. SB3 Al203 Max WT Sludge Simulant 17.8 Normalized Frit 418 Li20 7.91 7.91 Normalized Frit 320 Li20
\ \ \ Lot 320L22 (data from Sproull public folder file)
Al203 WL SB3/Frit 418 31WL| 32.8 Li20 WL SB3/Frit 418 31WL 29.0
Al203 WL SB3/Frit 418 33WL| 35.0 Li20 WL SB3/Frit 418 33WL| 30.5
Al203 WL SB3/Frit 418 35WL| 36.2 Li20 WL SB3/Frit 418 35WL 32.2
Al203 WL SB3/Frit 418 37WL| 39.1 Li20 WL SB3/Frit 418 37TWL| 35.7
Al203 WL SB3/Frit 418 39WL| 40.0 Li20 WL SB3/Frit 418 39WL 35.8
Al203 WL SB3/Frit 418 41WL| 41.8 Li20 WL SB3/Frit 418 41WL| 37.2
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