This document was prepared in conjunction with work accomplished under Contract No.
DE-AC09-76SR00001 with the U.S. Department of Energy.

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States Government.
Neither the United States Government nor any agency thereof, nor any of their employees, makes any
warranty, express or implied, or assumes any legal liability or responshility for the accuracy,
completeness, or usefulness of any information, apparatus, product or process disclosed, or represents that
its use would not infringe privately owned rights. Reference herein to any specific commercial product,
process or service by trade name, trademark, manufacturer, or otherwise does not necessarily congtitute or
imply its endorsement, recommendation, or favoring by the United States Government or any agency
thereof. The views and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.

This report has been reproduced directly from the best avail able copy.

Available for sale to the public, in paper, from: U.S. Department of Commerce, National Technical
Information Service, 5285 Port Royal Road, Springfield, VA 22161, phone: (800)

553-6847, fax: (703)  605-6900, email: orders@ntisfedworld.gov  online  ordering:
http://www.ntis.gov/ordering.htm

Available electronically at http://www.doe.gov/bridge

Available for a processing fee to U.S. Department of Energy and its contractors, in paper, from: U.S.
Department of Energy, Office of Scientific and Technical Information, P.O. Box 62, Oak Ridge, TN
37831-0062, phone: (865 ) 576-8401, fax: (865) 576-5728, email: reports@adonis.osti.gov



X/

TECHNICAL DIVISION DPST-81-223
SAVANNAH RIVER LABORATORY /46(' WO /3524@

CC: . Mirshak

McIntosh

Kelley

Ortaldo

Coffey-T. H. Gould
Wallace

Plodinec

Ferguson

. Anderson
Boersma-H. L. Hull

Smith
Walkar

« m A

Bibler
. A. Stone
Tis File copy (2) 7

MEMORANDUM

P AP
PrmMOOGm@G=EZm™ N s r-
. . - . - - » - "

S
D
J
J
C
R
M.
R.
T
M
P
D
N
J
T

January 19, 1981

TO: L. M. PAPOUCHADO

. TIS FILE
FROM: B. M. ROBNETT/G. G. WICKS RECORD COPY

DURABILITY OF SRP WASTE GLASS
- EFFECT OF DEVITRIFICATION

INTRODUCTION AND SUMMARY

An important program at SRP involves assessment of the durability of SRP
waste glass as a function of fabrication, transportation and storage con-
ditions. One phase of this study deals with devitrification of waste glass
and the potential effect of crystalline phases on leachability.! Devitri-

. fication, or crystallization of the glass, can occur if the glass is exposed

to high temperatures for long periods of time. This may occur during cooling

of the glass canister, during annealing treatments to reduce cracking, or
during potential accidents such as high temperature fires.

In this study, crystallization of three simulated SRP waste glass compositions
was studied as a function of time and temperature. This includes waste
glasses high in iron content (W-Fe), those high in aluminum content (W-A1)

and an average (TDS-3A) composition. In order to permite the distribution

of Cs and Sr to be measured, the glasses were doped with 1 wt % of each
element or about 100 times the amounts of Cs and Sr expected in SRP waste

~glasses. The crystalline phases formed for each system were identified,




the degree of crystallinity determined, and the distribution of Cs and Sr
on glass surfaces defined for selected sampies. This information was then
correlated with leachability data and pH changes in the leachate.

Based on this work, we conclude that:

¢ Extensive devitrification is unlikely to occur during normal cooling of
waste-glass canisters after manufacture or during storage.

o Devitrification could occur during an accidental fire or an annealing
treatment.

Major experimental results were:

e Devitrification was observed for all three compos1t1ons for heat treat-
ments between 550 to 9000C. Devitrification generally increased the
leachability by no more than 10X.

¢ The largest increase in leachability due to devitrification was about a
factor of 50, This occurred for the high iron waste g1ass heat treated
at 600°C and 650°C for one day. This corresponded to the presence of a
cesium-rich phase, whose formation was probably enhanced by the high

cesium content of the glass.

e The composition with the best leachability., W-Al, also demonstrated the
smallest increase in leachability .(<5X) due to heat treatments.

e In W-Al and TDS-3A glasses Cs and Sr are generally uniformly distributed

throughout the devitrified material, although more concentrated in the
m'lat:':v nhaf-:p than in crvstalline regions. With the exception of the
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" cesium-rich phase, the same d1str1but1on is present in the W-Fe glass.

EXPERIMENTAL PROCEDURE

Simulated waste glasses made with Frit 131 and W-Al1, TDS-3A, and W-Fe waste
compositions were doped with 1 wt % each of nonradioactive cesium and
strontium (Table 1). This doping represents about 100 times the actual
amounts of Cs and Sr expected in SRP waste-glasses. Because of the increased
content of these constituents, the distribution of each could be assessed.
Samples were heat treated at various times and temperatures to simulate
potential fabrication, processing and storage conditions (Table 2}. Also,
samples were program coo]ed from the melt using a Lindberg furnace equipped
with a microprocessor programmer to simulate ICM cooling, continuous melter
cooling, and possible annealing treatments.

Crysta111ne phases were identified by use of optical and scanning electron
m1croscopy, complementary x-ray energy spectroscopy, wide angle x-ray
diffraction and microprobe analysis. In addition, the distribution of the
simulated radionuclides within the devitrified mater1a] was determined
through microprobe mapping.
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The degree of crystailinity was estimated by comparing diffraction pattern
peak heights of known crystalline weight percent standards to peak heights
of samples containing that phase. This was used in conjunction with the
grid technique on selected micrographs.

For leachability tests, samples were ground to 40-60 mesh size and heated
in a 909C oil bath in a buffered solution of either pH 3, 7 or 11 (Table 3)
for three days. Surface area to leachant volume was about 7 to 1. The pH
of each leachate was measured approximately 16 hours after the samples were
removed from the constant temperature bath. Silica content within the
leachate was measured using colorimetry, and sodium, cesium and strontium
content was measured by atomic absorption.

RESULTS
A. Leachabi]ity of Program Cooled SRP Waste Glass

Effects of the two leading vitrification processes, continuous ceramic
melting (CM) and in-can melting (ICM) on formation of crystalline phases
in the product were assessed by programmed cooling of SRP waste glasses
from 1100°C. In addition, the effect of slow cooling the molten glass
through the annealing range was also investigated.

¢ Continuous Melter Cooling

A 21-hour cooling schedule shown in Table 4 was used to simulate cool-
ing of a 2 ft. diameter CM canister. This was the cooling profile
measured at Battelie Pacific Northwest Laboratory for selected con-
tinuous ceramic melter experiments.?

After cooling, the solidified laboratory scale product was primarily

~glassy which corresponded to a leachability very similar to the
standard. Therefore, the thermal history of glass cooled from a
joule-heated ceramic melter would not be expected to significantly
effect the leachability of the solidified product.

e In-Can Melter Cooling

A 14 hour cooling schedule was used between 700°C and 500°C to
simulate the cooling rates observed at TNX for full-scale ICM glasses
over this temperature interval (Table 4). This temperature range
represents a region of maximum formation of the important acmite phase.
No significant changes in leachability due to this cooling procedure
were observed.

Samples from a large scale ICM test at PNL were then compared with
laboratory-scale furnace-treated glass at SRL. Both were TDS compo-
sitions, but the PNL glass contained Frit 211 while the SRL glass
contained Frit 131. The effects of different frit compositions,
cooling schedule and waste form sizes on 1eachab111ty of the ICM
~glasses were observed to be small. Changes in leachability measured
?§ three different pH values differed by about a factor of two (Figure




0 Annealing Procedure During Solidification

Thermal cracking of full scale SRP waste glasses can be minimized by
stowly cooling the product through the annealing range during
fabrication. However, for this type of operation, crystalline phases
can be formed within the glass which may effect the durability of

the product.

An extreme cooling schedule includes holding the glass between 500
and 600°C for 83 hours (Table 4). This results in a large degree of
crystallinity. The greatest effect on subsequent leachability was
seen in W-Fe glass leached in neutral solution where the leachability
based on silica increased by about a factor of 50.

Leachability of Heat Treated SRP Waste Glass

The effect of crystallinity on leachability was examined for SRP 131/W-A1,
131/7DS-3A, and 131/W-Fe simulated waste glasses. Glass samples were
held at various temperatures for T day and 1 week. These heat treatments
were used to simulate temperature increases the final glass product might
experience, such as during annealing treatments, fires, or loss of con-
vection cooling in the storage facility. The leachability of these

heat treated samples increased by no more than a factor of 10 in most
cases. The crystalline products formed in each of the three compositions
are summarized in Figure 2. The subsequent Teachabilities of these
compositions were determined for each heat treated sample, based on
extraction of Si, Cs, Sr, and Na and leached in three different buffered
solutions. These data are summarized in Tables 5A, 5B, and 5C.

¢ Time, Temperature Dependence

- "W-A1 Glass

The highest leachability occurred after being held at 800°C for

one day. Leachabilities were also relatively high at 650°C. Spinel
(NiFe204) was the only crystalline phase formed in W-A1 glass

after one day, with glasses heated at 650°C having the highest
degree of crystallinity, After one week at 600°C, acmite (NaFeSi206
and nepheline (NaA1Si0s) were formed. Leachability based on

sodium for this treatment was greater than the standard by a

factor of 15 and greater than the 550°C treatment by a factor of

10 in basic leachant. The 5500C treatment contained only spinel.

- TDS-3A Glass

Highest leachabilities for TDS-3A glass occurred for heat treat-
ments of 600-650°C and 800°C. In the 600-650°C range, the amount
of acmite was at its maximum and at 8000C spinel was introduced
along with the acmite resuiting in the maximum total crystallinity.
Samples heated at 600°C and Teached in basic solution had a
leachability based on silica 30X greater than the standard.
Leachability based on sodium was highest at 650°C which corresponds




with maximum degree of acmite. At 800°c, leachability based on
sodium was on the decline as well as the degree of acmite. At
900°C, no acmite was formed and the leachability based on sodium
was only 50% greater than the standard. This may suggest that

in the TDS-3A waste glass composition, the presence of acmite
accelerates sodium Teachability. After one week at 550°C and

600°C, 1ithium metasilicate {Li.510:) was formed. The degree of
acmite was higher at 550°C after one week than after one day.

With this increase in acmite, Teachability based on sodium increased
by about a factor of 10. At 600°C, where the change in crystallinity
was only the introduction of Li2Si0z:, leachability based on sodium
did not change, but leachability based on silica increased for
neutral’ and acidic leachants.

- W-Fe Glass

Leachabilities of W-Fe glass were highest for samples heated
between 600 and 650°C which corresponds to the range of maximum
crystailinity (600-7000C). These 6009C and 650°C heat treatments
resulted in a leachability based on silica of ~50X greater than
the standard in neutral solutions. The crystalline phase in these
samples was acmite. Leachability based on sodium follows the same
~general trend as in the TDS-3A glass. As the degree of acmite
increases, so does leachability based on sodium. At 900°C, spinel
replaced acmite as the only crystalline phase, and the leachability
based on sodium was drastically reduced. Leachability based on
cesium was much higher in W-Fe glass than in the other types. It
~generally had a maximum around 6000C. Glass heated for one week
at 600°C was found to contain a cesium-rich phase not found in
W-A1 or TDS-3A glasses. This sample's leachability based on
cesium was greater than the standard by about a factor of 70.
X-ray energy spectroscopy showed that there was no C1™ in the
phase eliminating the possibility that the phase was residual
CsC1 used to dope the glass. Samples heated for one day also
showed these high leachabilities. The formation of this phase
was emphasized 'since these glasses were highly doped. After one
week, the degree of acmite formed at 550°C was greatly increased
as well as the leachability based on sodium.

" "pH Dependence

Basic and acid solutions were generally more corrosive to amorphous
and devitrified glasses than neutral leachants. In general, the
larger the degree of crystallinity, the more the glass leached at
each of the pH values examined., Leachability based on strontium was
extremely low in basic solutions for all glass compositions. A
possible explanation for this is that the strontium may be absorbed
into a gel layer that forms on the surface of glass leached in basic
solutions and hence would not he measured in solution.

Fire Scenario

A standard Department of Transportation (DOT) fire would resuit in
a temperature rise to 790°C. At this temperature, devitrification
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would occur in less than one day. For W-Al glass, spinel would form;
for TDS-3A glass, spinel and acmite; and for W-Fe glass, acmite alone
would be the primary phase produced. The leachability of all simulated
compositions generally will increase due to this heat treatment to a
maximum of about 45 times the initial leachability. Leachability
increases due to a 800°C heat treatment as 3 function of waste compo-
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e Loss of Convection Cooling

Loss of convection cooling during interim storage could result in a

temperature rise to about 3259C. The effect of this temperature for
tests one month in duration were assessed. These samples showed no

significant devitrification or changes in leachability.

e Long Term Storage Effects

As a result of the radionuclide content of the waste, the storage
temperature will be about 100°C. Samples were heated at 150°C (maximum
storage temperature considered) for three months and then examined

for crystaliinity and teacnao1|1ty Again, there was no devitrification
and no significant changes in leachability for each of the three
compositions studied. Because of the very low storage temperatures
considered, nucleation and growth of crystalline phases would not be
expected to occur in the absence of 1iquid water, even for very long
storage times.

.. Cooling from the Melt vs. Heat Treatment of Solidified Forms

mples hea day using both methods show that 1r

eral signi ntly less crystallinity will result on cooling from the
melt than dur1ng heat treatment of solidified forms. This is a result
of the nucleation and growth curve encountered during heat treatments.

This difference is also reflected in the leachability data.

b
LIl
1

Full Scale SRP Waste Glass

The practical application of data from the present study to production
of full-scale SRP wasie glass forms can be summarized as follows:

(1) Appreciable amounts of crystallization would not be expected to occur
due to cooling rates associated with CM or even ICM glasses. Hence,
the leachability of glasses from these two fabrication methods would
not be expected to be significantly different.

(2} Loss of convection cooling in an interim storage facility would not
result in significant changes in devitrification or leachability
characteristics.

{(3) A standard DOT fire could cause appreciable amounts of devitrification
and a maximum leachability increase of about 45X.
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(4)

(5)

Potential annealing treatments to minimize thermal cracking or heal
cracks already produced could result in a significant increase in
crystalline content of the product. This could result in a maximum
leachability increase of about 50X. Hence, a balance between glass
cracking and devitrification will have to be made.

Due to the relatively Tow storage temperatures being considered,
devitrification and changes in leachability due only to thermal
effects will not be expected, even for long term Storage.

Microstructures

Structural Determination of Phases

Crystalline phases were identified using wide angle x-ray scattering
(WAXS). Patterns of devitrified samples were compared to those of
crystalline standards supp11ed by W. C. Mosely. Phases were also
examined using the scanning electron microscope (SEM) and quantitative
analyses were carried out on the microprobe. Phases formed as a
function of temperature are presented in Figure 2.

Degree of Crystallinity

A relative measure of crystallinity was obtained by comparing peak
heights of unknown samples to those of standards. Pure crystals were
mixed with the fines (<60 mesh) of nonheat treated glass so that the
mixture was 25% crystalline. Percent crystallinity in samples were
calculated using the following formula:

"% crystallinity in standard _ % crystallinity in sampnie
peak height standard correspondrng peak height sample

These numbers correspond with those obtained using the grid technique
on microstructures and are summarized in Table 6.

Distribution of Cs and Sr

The distribution of elements throughout the devitrified material was
obtained by microprobe mapping with the help of W. C. Mose1y This
aided in phase identification and showed where the cesium and strontium
were in the devitrified material (Figure 3). Both cesium and strontium
were uniformly distributed in W-Al and TDS-3A glasses. However, a
phase was identified in W-Fe glass as being ~50 weight percent Cs.

This corresponds to large increases in 1eachab111ty based on cesium.
The chemical analyses for the various phases in each glass are shown

in Tables 7A, 7B and 7C.

Correlation of Phases with Leachability

The presence of acmite appears to increase leachability based on-silica
in neutral and basic solutions. It also increases leachabilities
based on sodium at all pH's.
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Spinel slightly increases leachabilities based on sflica as shown
in W-A1 and by the 1ncregse in leachability when it is introduced
into TDS-3A glass at 800°C,

Li,Si0; and nepheline are not present in sufficient quantities to
detect any significant effects.

pH Considerations

Earlier studies have suggested that there is a correlation between leachant
pH and glass corrosion.” Glasses leached below pH 4 or above pH 9 seem

to leach at extremely high rates. This general trend was observed in this
study {Table 8). HWhen there was an initial pH of 3, the highest leach-
abilities corresponded to leachates with a final pH of below 3 and those
that increased in pH above 9. Neutral leachates hold their initial pH
value except for W-Fe glass where the pH increased significantly to

above the critical pH of 9. Basic leachates (pH 11) maintain their pH
above 9, and the final pH values follow the correlation that the higher
the pH, the higher the leachability of the glass. The changes observed

in the pH values of the buffered leachants represent the inability of the
buffer to maintain a constant pH. The experimental data suggests that
monitoring the ground water pH in the repository could be a nondestructive
means of predicting waste glass durability as previously suggested. Also,
the pH of the ground water could possibility be controlled if engineered
barriers were designed to provide buffering potential.
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Component

Coal
Na2504

Table 1

SIMULATED WASTE GLASS COMPOSITIONS

W-A1 TDS-3A W-Fe
69.3 68.2 68.2
1.0 1.0 1.0
1.0 1.0 1.0
3.4 14.1 ’ 17.6
3.2 4.1 1.2
2.9 3.0 2.9
14.1 2.8 0.4
0.6 1.7 3.0
1.3 1.2 0.9
0.3 1.1 1.2
1.4 0.9 1.8
0.7 0.7 0

0.2 0.2 0.2

B. FRIT 131 COMPOSITION

510, 57.9
Na,0 17.7
B,04 14.7
Ti0, 1.0
Li,0 5.7
Mg0 2.0
Zr02 0.5

0.5

La203




Table 2

TEMPERATURE TIME COMMENTS
o 1 1 1 3
C Day Wk. Mo. Mos.

R.T. X X X X Standard
150°¢ X Storage (Maximum)
325°%¢ X Loss of Cooling in Storage
350°¢ X X Annealing Range
400°C X X Annealing Range
450°¢ X X Anﬁea]ing Range
500°C X X Annealing Range
550°C X X Annealing Range
600°C X X Annealing Range
700%C X
800°C X DOT Fire

‘ 900° X




Desired pH

11

Table 3

BUFFERED SQLUTIONS

Buffered Solution

0.5M Glycine, 14 drops HCI

50 ml of 0.1M Tris* +
46mi 0.1M HC1

LiOH + H20




Annealing

1050°C or 1150°%C

+ Quench {~1 hr)
600°C

¥ 1.2%nr
350°%

+ 2.4%hr

R.T,




Table 5A

A. Leachabilities of 131/N-Al
(Based on extraction of Si, Na, Cs, Sr)
Temperature (°C)
{One Day) (One Week)
pH * gé}: 550 600 650 700 80O 900 |l 500 550 600
LSi 112 105 103 119 110 156 97 {| 117 144 93
3 LNa 236 30 537 658 277 828 218 || 266 335 1400
LCS 83 173 206 463 118 1965 190 96 250 951
LSP 163 179 224 319 199 - 745 241 ff 122 498 1800
LSi 9 14 31 49 25 69 2 9 24 1
7 LNa 81 109 192 485 141 376 79 86 132 -
LCs 15 37 93 293 46 826 87 17 118 -
LSr 25 36 94 243 69 253 39 25 194 -
LSi 23 47 58 123 61 169 27 34 48 230
1 LNa 110 153 210 411 169 388 210 120 166 1740
LCS 19 195 37 90 41 363 37 16 78 558
LSr 2 3 2 1 9 }4 12 8 14 26 -

*Leachabilities are shown as actual leachabilities x 107 (g/cmz-day)
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Table 5B

B. Leachabilities of 131/7TDS-3A
(Based on extraction of Si, Na, Cs, Sr)

Temperature (°C)

(One Day) I‘ {One Week)
pH | * Sid. 550 600 650 700 800 900" 500 550 600
Le; | 120 147 51 e 78 134 100 137 83 146
3| Ly, | 227 495 3899 4459 2716 1510 304 255 4020 3710
Les | 707 216 596 849 266 2990 150 104 856 1030
Le, | 215 240 520 754 1571 1550 341 220 955 1160
l; | 18 20 38 61 70 58 11| 16 283 621
7 1Ly, | 156 338 2295 2077 1884 987 282 140 2640 2720
Les | 35 10 293 330 183 719 43|l 34 256 312
L, | 69 117 139 77 30 30z 194 63 36 39
lg; | 92 9 2950 780 463 302 70| 8 576 584
1Ly, | 200 279 3714 4190 3049 1040 239 (| 229 2520 3470
leg | 36 53 542 622 230 437 57| 36 1470 429
Le, 2 3 6 8 13 12§ 5 13 21

*Leachabilities are shown as actual leachabilities x 107 (g/cmz—day)
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Tahle 5C

C. Leachability of 131/Fe
(Based on extraction of Si, Na, Cs, Sr)
Temperature (°C)
( {One Day) (One Week)
R.T.
pH * Std. 550 600 650 700 800 900 500 550 600
LSi 150 88 250 162 122 130 149 184 362 391
3 LNa 414 3817 18547 11378 4403 3620 1229 503 16200 22100
LCS 153 871 2510 2120 416 2900 12 160 4110 4140
LSr 296 728 1060 1131 1260 1370 953 382 2010 2110
LSi 45 218 2860 2420 180 190 48 59 757 704
7 LNa 211 3520 18781 16477 3377 4710 797 246 16900 17800
LCS 75 A26 5150 3655 1912 1320 18 71 5180 5470
LSr 101 34 103 18 63 67 429 146 713 765
LSi 339 852 2660 3640 1435 1800 590 379 810 956
11 LNa 1278 9265 20297 15686 8760 11100 2446 || 1475 15500 17600
LCs 121 2080 5920 K612 2927 2160 15 158 5690 5790
LSr 3 15 93 17 16 24 21 9 342 540

*Leachabilities shown are actual leachabilities x 107 (g/cmz—day)




Table 6

DEGREE OF CRYSTALLINITY

Phase (%)
(One Day) (One Week)
Compasition | Temp. (YC) { Acmite (1,5i0s Spinel Nepheline} Acmite Li,5i0s Spinel Nepheline
W-A] 550 0 0 0 0 0 0 6 ]
600 0 0 2 0 6 0 <] 7
650 0 0 8 0
700 0 0 6 0
800 0 0 6 0
900 0 0 6 0
TDS- 34 550 19 0 0 0 54 8 0 0
600 46 0 0 0 44 6 0 0
650 48 0 0 0
700 35 0 0 0
800 38 0 14 0
900 0 0 27 0
W-Fe 550 3 0 0 0 39 5 0 0
600 28 0 0 0 37 6 0 0
650 37 0 0 0
700 31 0 0 0
800 17 0 0 0
900 0 0 27 ¢
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Table 7A

MICROPROBE STUDY

A. " 131/W-A1 600°C/0ne Week

Phases Present:

Muititone Gray MatriX--e-meccmccmmcammmmoeeees Nepheline and Residual Glass
Black Phase-——m--—s oo oL L'izSTO3

White Particles---~emem oo oo & Spinel

Light Gray Phase Around Particles-----—cee-eeo-- Acmite

Chemical Analysis:

Nepheline + Glass* LioSi0g** Spinel Acmite
Cs .927 .056 .055 .592
Sr .702 .059 172 .625
Al 20.717 2.303 2.118 " 3.501
Na - 17.918 1.156 2.162 12. 381
Ti | . 445 .665 2.800 3.991
Ni .055 .329 11.386 1.672
Fe 3.006 .694 22.045 16.693
Mn 2.123 .806 8.070 4,427
Ca 446 014 .25 2.483
$i 81.227 68.916 55.806*** 49.063%**

*The nepheline and glassy phases of the matrix could not be accurately
distinguished for separate analyses.
**Li cannot be measured by this analytical technigue.
***Si analysis results from adjacent phase.

NOTE: Cs and Sr are concentrated in the acmite and matrix.




Table 7B

MICROPROBE STUDY

B. 131/TDS-34 600°C/0ne Week

Phases Present:

MuTtitone Gray MatriX---ee—commm oo Acmite, Glass
Black Phages~=memceam oo ea o L125103
White Particlesmmmmmomom oo oo Mn Rich Phase, Spinel

Chemical Analysis:

Acmite + Glass Li2S104 Mn/Spinel
Cs 527 .757 485
Sr .699 442 400
AT 3.291 3.477 3.386
Na 12.880 7.667 9.479
Ti .870 542 432
Ni 1.104 968 9.753
Fe 21.328 9.796 6.149
n 2,628 1.692 36.683
Ca 1.770 773 .290
Si 54071 54,577 24.436

NOTE: In general, Cs and Sr have a tendency to concentrate in the matrix
which is predominantly acmite. However, important quantities of
these elements were also seen in Li25i03 and the Mn-rich phase.




Table 7C

MICROPROBE STUDY

C. 131/W-~Fe 600°C/One Week

Phases Present:

Multitone Gray Matrix---wm—rocemmcm e

Black Phase-sw=smcmmomm e o e e e el i

White Particles~-eammormo ool

Chemical Analysis:

Acmite + Glass

Cs 293
Sr .438
Al 1.070
Ne 18.568
Ti 986
T 4,232
Fe 20.298
Mn | 1.060
Ca 1.823
si 50.787

Cs-rich Phase

42.558
.206

.293
47.879

NOTE: Particles formed were very rich in Cs. This is the first time that a
Cs-rich phase has been found in SRP waste glass for these highly doped
glasses. Subsequent analysis found no chlorine present in this phase

indicating that it was not the CsCl starting material.




FINAL pH AFTER LEACHING

Temperature (°C)

(One Day) (One Week)
TnitTal pH [ ComposTtion] 550 600 650 700 800 900 § 500 550 600

N-AT 3.27 3.27 3.25 3.3 2.97 3.00] 3.2 2.91 7.63

3 T0S-38 | 3.25 8.26 8.41 6.52 3.27 3.08§ 3.13 B8.53 9.05
W-Fe 8.55 9.61 9.21 8.35 8.21 3.21{ 3.20 9.56 9.89

W-AT 7.35 7.41 7.66 7.01 7.48 7.1} 7.08 7.91 8.93

7 ™S-3A | 7.60 8.68 9.01 8.31 7.76 7.39 | 7.08 9.82 10.48
W-Fe 9.48 11.89 11.52 9.45 9.34 7.85 § 7.25 10.52 10.80

W-AT 10.07 10.03 10.22 9.95 10.45 9.9 | 9.62 9.61 10.77

1 ™S-3A  |10.03 11.60 11.74 11.37 10.69 9.88 {10.04 11.48 11.65
W-Fe 11.93 12.25 12.22 11.91 11.97 11.21 |11.03 10.84 11.33
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Figure 2
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Figure 3
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