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ABSTRACT
This document describes physical and thermophysical property determinations that were made in order.
to resolve questions aésociated with the decontamination of Savannah River Site (SRS) waste streams
using ion exchange on crystalline silicotitanate (CST). The research will aid in the uﬁderstanding of
potential issues associated with cooling of feed streams within SRS waste treatment processes. Toward
this end, the thermophysical properties of éngineered CST, manufactured under thé trade name, Ionsiv®
IE-911 by UOP, Mobile, AL, were determined. The heating profiles of CST samples from several |
manufacturers’ production runs were observed using differential scanning calorimetric (DSC)
measurements. DSé data were obtained over the region of 10 to 215°C to check for the possibiiity ofa
phase transition or any other enthalpic event in that temperature region. Finally, the heat capacity,
thermal conductivity, density, viscosity, and salting-out point were determined for SRS waste simulants

designated as "Average," "High NO, ~," and "High OH " simulants.
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" 1. INTRODUCTION

1.1 SCOPE OF WORK

This document describes physical and thermophysical property determinations that were made in order to
resolve quéstions associated with the decontamination of Savannah River Sité (SRS) waste streams using
ion exchange on crystalline silicotitanate (CST). The scopé of work was requested by SRS' and
performed according to the ORNL' Task Plan ORNL/CF-99/4 2 The research will aid in the understanding
of potential issues associated the with cooling of feed streams within SRS waste treatment processes. To
this end, the thermophysical properties of engineered CST sorbent (manufactured under the product name
Tonsiv® IE-911 by UOP, Mobile, Alabama) Were measured to provide information so that a total heat
balance céuld be completed for large-scale CST columns. Ancillary to this task, the stability of CST in the
temperature region ambient to 215°C was addressed to determine whether Iopsiv" IE-911 undergoes a
solid-phase transition in the region of ‘80°C‘. Fina'lly,‘ the heat 'cépacity, thérm‘al‘conductivity, density,
viscosity, and salting-out point werevdetermin‘ed for SRS waste simulants designated as “Average,” “High

NO, ~,” and “High OH ~” simulants.

1.2 DESCRIPTION OF TASK

This task ;:onsisted of the following activities:

1. Subjection of CST samples to differential scanning calorimetric measurements in the regidn of 25 to
215°C to check for the possibility of a phase transition or any cher enthalpic event in that temperature
region.

2. Measurement of the porosities of samples of CST.



3. Determination of physical properties of the SRS waste simulants designated as “Average,” “High
NO, ~,” or “High OH ~” (see Table 1).*> The physical properties to be measured were heat capacity
. and thermal conductivity at 30°C, density at 10 and 30°C, and viscosity at 10 and 30°C.
4. Determination of the salting-out point for each SRS waste simulant. |

The experimental details for each determination are given in the respective sections of this report.

Table 1. Composition of SRS waste simulants®

Component Average HighOH- High NO, "~

Anion
OH 1.91 3.05 1.17
NO; 2.14 1.08 2.84
NO,~ 0.52 0.74 0.37
Cr £ 0.025 0.010 0.040
Cco,* 0.16 0.17 0.16
PO, 3" 0.01 0.008 0.01
C,0,* 0.008 0.008 0.008
F 0.032 0.01 0.05
Si0,; > 0.004 0.004 0.004
MoO, > 1 0.0002 0.0002 0.0002
AlO, "~ - 0.31 0.27 0.32
S0, > 0.15 0.03 0.22

Cation :
Na' 5.6 5.6 5.6
K* 0.015 0.03 0.0041
Cs* 0.00014 0.00037 0.00014

*D. D. Walker, Preparation of Simulated Waste Solutions,
WSRC-TR-99-00116, April 15, 1999.
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1.3 DESIGNATION OF IONSIV® IE-911 SAMPLES

Several production runs were made by UOP during the development of Tonsiv® IE-911 for commercial
distribution. The engineered CST prepared in the 1996 campaign was designated with a lot number
(having the sequence 9990968 1000x, wherex =1, 2"3, 4); portions of the various lots have been archived
at ORNL. A sample of the pure CST powder, without binder, has also been archived and has the lot
number 993796040005. Morebrecently, eigﬁt additional lots were prepared in a 1998 production run and
delivered to Oak Ridge National Laboratory (ORNL) in January 1999. The new material received after
batch 4 (frbm the old numbering system) has lot numbers 99909881000x, where x = 1 through 8 (two 55-
gal drums per lot) for a total of 16 drums of Tonsiv® IE-911. A final sample of engineered CST (lot
999099810009) wa§ received in June 1999. In our studies of solid-phase transition, archived samples of |
engineered and powdered CST were compared with the recently received Ionsiv® IE-911 to help interpret

differential scanning calorimetric pfoﬁles. o

2. PHYSICAL PROPERTIES OF IONSIV® IE-911
2.1 SIEVE ANALYSIS |
Samples of Tonsiv® IE-91 i, lot 99909881005, were test§d using both dry- and wet-sieviﬁg techniques. |
Approximately 30 g of sorbent was selected from the lot through multiple passes of 250 g of sorbent
through a riffle splitter. The 30-g sample was p‘lacel'd’in the top of a series of sieve pans spanning the range
of 20-100 mesh (149-840 pm); a solid pan was placed at the bottom of the sieves to collect the sorbent
fines. For dry-sieve testing, the stack of sieves was shaken for 20 min on a W. S, Tyler Model RX24 sieve
shaker. The contents of each sieve were weighed to determine the weight percent of sorbent collected in

each size range. Typical sieving results are presented in Table 2. The standard deviation in



mesh size was based on using the weight percent CST for a particle size representing the mid-point

diameter ( in units of pm) for a given sieve pan.

Table 2. Weight distribution of as-received Ionsiv® IE-911,

lot 999098810005
Particle o % Total
1.S. sieve size (nm) Net weight (g) weight
30 <840/>590 2.15 6.22
35 <590/>500 6.39 18.47
40 <500/>420 10.55 30.48
50 <420/>297 15.84 45.80
60 <297/>250 043 1.24
100 <250/>149 0.02 0.06
>100 <149 0.03 0.08
Sum _ 354 102.3
Avg. mesh size: , 443 pm
Standard deviation of mesh size: 76 uym

The wet-particle size was determined by first soaking 30-g samples, in triplicate, in deionized water for
24 h. Then, water was flowed through the stack of sieves for up to 2 h to complete sorbent sizing. The

contents of the sieve pans were air-dried prior to weighing the CST.

As can be seen in Table 3, the dry- and wet-particle sizes for as-received CST were 410 10 xm and
440 £10 um, respectively The stated standard deviation in Table 3 represents variation in the average

mesh size calculated for each of the three sieve tests for the as-received Ionsiv® IE-911.

Sieve testing was also performed on pretreated Ionsiv® IE-911. The as-received CST was converted to the
sodium form according to vendor instructions. Water was recirculated through ten-gal batches of

as-received Ionsiv® IE-911. Fifty weight-percent NaOH was slowly added to the water until the pH of the

4
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recirculating stream was in the 12.5-13 pH range. A total of 9 kg 50% NaOH was added in each CST

conversion batch, giving a final NaOH concentration of 12 g/L (0.3 M NaOH) in the recirculating stream.

“Tap water was then flowed up through the sodium-form CST at a rate of 3 gpm, which expanded the CST

bed volume by about 15%. The converted CST was rinsed until the column effluent was clear, which

typically required 1 hour (~18 bed volumes water.)

Sieve results indicate that the dry- and wet-particle sizes of the pretreated CST are 410 £10 um and

460 £20 pm, respectively. Greater than 95 wt % of each form of the sorbent was in the 30-50 mesh range
(<-590/>250 um). Less than 1 wt % fines were collected in any sieve test of the“sbrbent. This is in
contrast to archived Ionsiv® IE-911 lots, which typically contained up to 10% fines. The percent swelling
stated in Table 3 was based on the relative sizes of the dry- and wet-sieve results for each CST source. In

comparison, earlier sieve testing with lot 99909680002 data determined that particlé size increased by

: approxirhately 20% when CST was soaked overnight in water.*

Table 3. Overall sieve analysis results for Ionsiv® IE-911

Lot 999098810005
Average Standard
Type of  particle size deviationin3 %
~ CST source sieve . (um) trials (um)  swelling

As-received Dry. 410 9

Wet 437 12 6.6
Pretreated Dry 412 8

Wet 457 18 109




2.2 SURFACE MOISTURE CONTENT
The percent moisture was determined by heating 1-g samples of as-received and pretreated
Tonsiv® IE-911 (lot 999098810005), in triplicate at 102-106 °C until a constant dry weight was achieved. .

CST samples were cooled in a desiccator prior weight determination. The moisture content of each form of

«

CST was 6.9 = 0.04 %. Experimental results are given in Table 4.

Table 4. Water content of Ionsiv® IE-911,

lot 999098810005
As received (%) Pretreated (%)
Trial 1 6.924 6.975
Trial 2 6.929 6.919
Trial 3 6.919 6.879
Average 6.924 6.915
Standard deviation __ 0.004 0.042

2.3 SORBENT POROSITY AND SURFACE AREA

The surface area and pore volume of as-received and prepared lonsiv® 1E-911were determined using a .
Micromiretics Gemini 2375 system. The instrumentation can provide flitrogen sorption data for relative

nitrogen pressures above 0.01. As such, the surface area and pore volume of CST, but not pore diametér

fange, can be measured reproducibly with this equipment. A 40-point nitrogen adsorption pressure profile

was developed for each sample; each point had an equilibration time of 2 min. Most of the physisorption

isotherms were typically grouped into six classes;' the isotherms of both as-reccived and pretreated Ionsiv®

IE-911 correspond to Type II sorption behavior (Fig. 1). The reversible Type II isotherm is the normal

form of isotheﬁn obtained with a nonporous or macroporous adsorbent. The Type II isotherm represents

unrestricted monolayer-multilayer adsorption. The beginning of the almost linear middle section of the
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isotherm is often taken to indicate the sta'.ge at which monolayer coverage is complete and multilayer

adsorption begins.

Both types of Ionsiv ® IE-911 samples exhibited a corresponding hysteresis between profiles obtained when
the nitrogen pressure was either increased or decreased to obtain Brunauer, Emmett, and Teller (BET)
isotherm results. Hysteresis appearing in the multilayer range of physisorption isotherms is usually
associated with capillary condensation in mesopore structures. Such hysteresis loops may exhibit a wide
variety of shapes, usually grouped into four main classifications (H1-H4). Although the effects of various
factors on adsorption hysteresis are not fully understood, the shapes of hysteresis loops have often been
identified with specific pore structures.® The CST isotherms are indicative of type H3 hysteresis, which
does not exhibit any limiting adsorption at high nitrogen p/p,. H3 hysteresis is observed in sorbents having
with aggregates of blate-like particles, giving rise to slit-shaped pores. Early characterization work on
CST powder confirms this finding. Dosch et al.>™® found that CST is comprised of layers of silicotitanate
crystal; spacing between the crystals can be controlled such that the lafger cesium ions can be sandwichedv
between the crystalline layer, whereas the smaller sodium ions can move freely throughout the crystal

structure.

Table 5 summarizes the primary results obtained for 1-g samples of as-received and pretreated CST,
analyzed in triplicate. BET scans were performed after the samples had been heated at 60°C for several
days to remove surface mdisture from the CST. It is clear that both surface area and pore volume were
reduced after CST treatment with NaOH. This implies that some adsorption sites were occupied by

adsorbates during pretreatment.



Table 5. BET surface area and porosity of Ionsiv® IE-911,

lot 99909881005
‘ Surface area  Micropore volume Total poré volume
Type of Material (m?/g) (cm®/g) (cm¥/g)
As-received 51 0.011 | o 0.063
As-received 50 00098 0063
As-received 51 0.010 0.063
Pretreated 35 0.0052 0.044
Pretreated 34 0.0053 ' 0.043
Pretreated : 31 0.0036 | 0.049

3. THERMOPHYSICAL PROPiERTIES OF IONSIVF’ 1IE-911
3.1 DSC METHODOLOGY
The use of a differential scanning calorimeter (DSC) in the determination of phase transitions and
compound stabilities over a range of temperatures is.well docun}ented in the literature.® A Perkin-Elmer
DSC 7 instrument in conjunction with the manufacturer’s Pyris software package (Windows NT Pyris,
Version 2) was used in the study reported here. Measurements were made using the heat-equilibiation-hcat
step method detailed by Mraw and Naas'®. The CST samples were confined in high-pressure cells
fabricated from 17-4 PH chromium-nickel stainless steel (AISI No;. 630)°. Each cell, with an internal
volume of ~50 pL, was sealed using a gold gasket made in the form of a washer. Initially, studies were
made with 20°C cycles, heating at 5°C/min with a 2-min equilibration period between successive heats.
Later, studies were made with 4'1(_)°C cycles, heating at 5°C/min with a 4-ﬁlin equilibration period between
successive heats. Samples were studied over the temperature range 35-215°C. Sapphire [NIST Reference
Standard Material (SRM720)] was used as the calibrant of both the enthalpy and the heat capacity scales
of the DSC!!. The temperature scale of the DSC was calibrated by the determination of the melting point

of NIST Standard Reference Material indium. All DSC measurements were made in duplicate. Each

9



sample was sealed in the DSC cell under an ambient air atmosphere. Table 6 summarizes the CST (pure

and engineered) samples studied in the DSC.

Table 6. Samples studied in DSC analyses

Lot Type of sample - Type of Ionsiv®
993796040005 As-received Tonsiv® IE-910 (pﬁre CST‘)
999096810001  As-received Ionsiv® [E-911
999096810002 As-received Tonsiv® IE-911
999096810004 As-received Tonsiv® IE-911
999098810005 As-received Tonsiv® IE-911
999098810008 As-received Tonsiv® IE-911
999098810005 Pretreated Tonsiv® IE-911

' 9990988 10007 Pretreated ' Tonsiv® IE-911 o
999098810008 Pretreated Ibnsiv® 1E-911

3.2 PURE CRYSTALLINE SILICOTITANATE

DSC measurements of a sample of the pure CST powder without binder (Ionsiv® IE-910,

lot 99379604005) were made as a reference for the study of the Ionsiv® IE-911 samples. The heat capacity
of this sample varied linearly with temperature over the range of 35-215°C (Fig. 2) and can be represented

by the following equation:
Heat capacity (J - g - °C ') = 0.003676 T(°C) + 0.871, T = 35-215°C | (1)

Heat capacity values were reproducible to within +1% for duplicate measurements.

10



n

Fig. 2. DSC scan of pure CST [iov.vder (Ionsiv® IE-910).
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An anomaly may exist in the heat capacity centered at 100°C with an enthalpy of 0.4 J .g-1; however,
further studies would be required to verify its existence. The samples of pure CST studied showed no Siglls

of charring or color change as the result of being heated to 215°C.

3.3 AS-RECEIVED IONSIV®IE-911 SAMPLES
Results of studies using Ionsiv® [E-911 samples from lots 999096810001 and 999096810004 indicated the
presence of small exothermic heats centered at 175°C superimposed on a basic heat capacity-versus—

temperature profile (Fig. 3) represented by Eq. (1).

DSC scans of lonsiv® IE-91.1 samples from lots 999098810005 and 999098810008 showed evidence of
what was initially interpreted as an endothermic reaction followed by an exothermic reaction. The centers
of the reaction peaks shifted with the sample studied but appeared in the température range 105-165°C.

- Closer scrutiny of the equi]ibration-cycles between the heats (see above) revealed that true equilibration
.was never reached. By increasing sample temperature continuously, rather than using heating cycles, it
became apparent the correct interpretation of the DSC traces was the presence of an endothermic reaction

" spread across the temperature region 105°C-185°C. In addition to the endothermic reaction, the samples
showed “graying” of most of the particles and even some charﬁng that had occurred during the heating
period in the DSC. The size of the peak for the samples from lot 999098810005 was larger than that for

lot 999098810008; however, no attempt was made to quantify this difference.
3.4 PRETREATED IONSIV IE-911 SAMPLES

Samples of Ionsiv® IE-911 pretreatéd in accordance with the manufacturer’s instructions were also

analyzed in the DSC. The lot numbers of the samples included in the analysis were 999098810005,

12
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Fig. 3. DSC scan of as-received Ionsiv® IE-911, lot 0999098810005.
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999098810007, and 999098810008. The derived heat capacities for the profile in Fig. 4 can be

represented by the equations

Heat capacity (J - g - °C ') = 0.00289T (°C) + -.98, T = 35-130°C )
and

Heat capacity (J - g - °C ') = 0.00489 T(°C ) + 0.75, T = 130-215°C 3)

Again, heat capacity values for both portions of the profile were reproducible to within +1% for duplicate

measurements.

No registered heat was‘asso’ciated with the change in temperature dependence of sample heat capacity in the
region of 130°C. Also, none of the “pretreated” samples showed evidence of graying or charring during the

heating period in the DSC.

3.5 PRECURSOR TO THE BINDER AND CST BINDER

Following discussions with UOP, a laboratory chemical representing the precursor to the binder in

Ionsiv® IE-911, Trade Secret 2 (TS2), was studied in the DSC. Like the majority of the recent “as-
received” engincered lonsiv® 1E-911 samples studied, TS2 showed a wide endothermic reaction peak
spread between 105 and 185°C (Fig. 5). The DSC trace showed the possibility that several reactions were
superimposed on each other. In addition, the further “reaction” shown above 185°C prevented any
meaningful calculation of the totall heat of reaction in the 105-185°C region. No charring or graying

occurred.

14
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Trade Secret 1 (TS1), a second laboratory chemical representing the binder in Ionsiv® IE-911, was also
studied in the DSC (Fig. 6). It showed no reaction (endothermic or exothermic) peaks. ‘Like the pretreated
samples discussed above, the heat capacity of TS1 can be represented by two equations linear in
temperature. Whereas the equations intérsectcd at 130°C for the pretreated samples, the corresponding
temperature for TS1 was closer to 100°C. No registered heat was associated with the change in
temperature dependence of sample heat capacity in the region of 100°C. The TS1 samples showed neither

graying nor charring during the heating in the DSC.

4. THERMOPHYSICAL PROPERTIES OF SRS WASTE SIMULANTS
4.1 PREPARATION OF WASTE SIMULANTS
The simulants were prepared using the method described by D. D. Walker in Preparation of Simulated
Waste S‘quﬁons, WSRC-TR-99-00116, (April 15) 1999.! The densities of these simulants, as detenhined
by final solution weight prior to ﬁltx:ation, were w1thm 1% of theoretical values stated by Walkerl for
unfiltered preparations.® The consistent negative variance seen in Table 7 probably reflects a solution

temperature higher than 22°C.

Table 7. Dens}ties of SRS simulants determined
_on a weight basis

Theoretical Experimental
SRS simulant density (g/mL)*  density (g/mL)
Average 1.258 1252
High OH "~ 1.244 1.230
High NO, 1271 1.264

“Solution temperature of 22°C.

17
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4.2 DETERMINATION OF SOLUTiON DENSITY

The densities of filtered Average, High OH", and High NO;" simulants were determined using an Anton
Paar DMA 535 density meter in conjunction with a thermostated recirculating water cooler. The density cell
was equipped with an iron-constantan thermocouple to determine solution temperature to within one-
hundredth of a degree centigrade. Operation of the density meter was limifced to 20-30°C due to water
condensation on the surface of the density cell outside this range. Addition of a dry ni:trogen purge gas to

the instrument compartment would eliminate this problem in the future.

Sodium chloride standards and carbon dioxide—free water were used to calibrate the meter and verify the
accuracy of the density measurements. Densities of the saline standards agreed with literature values to
within 0.04 % (Fig. 7). The density of each of the simulants decreased linearly with temperature (Fig. 8).
As can be seen from the regression equations in Table 8, the densities of all simulants were equally affected

by temperature, within experimental error.

Table 8. Regression equations for the determination of SRS simulant densities

SRS simulant Regression equation

Average 1.2727 (x0.0014) - 6.93e~04 (£6.0e-05) x Temperature (°C)
High OH" 1.2505 (£0.0010) - 6.86¢~04 (x4.1e-05) x Temperature (°C)
High NO, - 1.2840 (x0.0011) - 7.15¢-04 (+4.8¢~05) x Temperature (°C)
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The regression equations were used to calculate the densities of the simulants for the temperatures of

interest, 10 and 30°C (see Table 9).

Table 9. Calculated densities for SRS simulants

| Density (g/mL)

SRS simulant _leec  30°C
 Average 1.2658 12519
HighOH" 12433 1.2296
HighNO,~ 12768 12625

AP AR R P B R

The temperature at which solids are formed in the chilled simulants was determined by placing
approximately 50 mL of each simulant in a chilled water/antifreeze bath. A glass-jacketed thermocouple
was included to define actual solution temperature. The point of crystallization was determined in each
case under the conditions of two scenarios: (1) a sample stirréd intermittently as the temperature was |
reduced by 1°C every 1 to 2 h; and (2)'5 static sample remaining in the bath at a set temperaturé overnight.
No formation of solids was ‘obsén{éd'with intermittent stirring in any simulant sample at temperatures equal
to or greater than -4°C.. Ice crystals were observea in the Ayerage and High Nitrate simulants in static
samples at -3 to -4°C. Both white amorphous solids and ice crystals wére noted in the High Hydroxide

simulant at these temperatures. All solids redissolved once the samples were bi'ought to room temperature.

21




4.4 DETERMINATION OF SIMULANT VISCOSITY

Viscosity determinations were performed using a Brookfield DV-III rheometer, a Brookfield UL adapter, a
Haake A 81 circulator, a jacketed beaker, and an RTD temperature probe; The adapter, circulator, and -
beaker were connected with flexible tubing. The temperature probe and water were placed into the beaker.
For cach test condition, 16 mL of sample was transferred into the adapter, which was then attached to the
rheometer. The circulator was set to the desired temperature for the viscosity measurement. The
temperatures in the beaker and in the adapter were assumed to be equivalent. After a given sample had
reached the desired temperature, it was allowed to equilibrate for 30 min and its viscosity was measured at
40, 50, 60, and 70 rpm. The corresponding shear rates were 49, 61, 73, and 86 s *'. At each rpm
increment, measurements were taken every 10 s for a period of 2 min; this procedure was repeated to
confirm the consistency of the results. The average viscosity at each rpm was then determined in each case.
The individual viscosities were subsequently averaged-to determine the final ﬁscosity value for the specific
-test condition. The maximum experimental error was +/- 0.1 cP. Dalta were validated by also determining
the viscosity of distiﬂed, deionized water and comparing experimental with literature values. The results
are included in Table 10:

‘Table 10. Viscosities of SRS simulants

Sample Viscosity (cP)
. 10C 20°C ©30°C
Water (experimental) ' 1.34 1.06 0.84
Water (literature)* | 1.31 1.00 0.80
Average SRS simulant 462 336 2.54
High OH - SRS simulant 481 3.57 2.56
High NO, ~ SRS simulant | 3.97 3.13 2.40

SInternational Critical Tables of Numerical Data, Physics, Chemistry, and
Technology, Vol. V, McGraw-Hill, Inc., New York, 1929, p. 15.
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The High Hydroxide simulant had the highest viscosity of the three waste matrices at low temperature.
However, the viscosities of all the simulanté were essentially equivalent at elevated temperature. The SRS
simulants were slightly shear thickening, or dilatant; an increase of 0.1 cP in the viscosity was noted when
the shear rate was doubled. No hysteresis effect was observed when viscosity data were determined by

“ramping” the shear rate either up or down during the determination.

4.5 DETERMINATION OF HEAT CAPACITY

The determination of heat capacities of liquids using a DSC has been detailed in the literatﬁre numerous
times. The method used in these measurements was the heat-equilibration-heat step method of Mraw and
Naas.? The samples were confined in the same high-pressure cells used for DSC scans of solid CST. In the
present study, each sample was éealed in the 50 pL cells under air at ambient atmospheric pressure.
Measurement of the simulant solutions was made in increments of 10 at a heating rate of 5 K/min with a

.- 1-min equilibration interval between successive heats. The calibrant was sapphire [NIST Reference
Standard Material (SRM 720)]; published heat capacity and enthalpy values were used.* The temperature
scale of thé DSC was calibrated before the measurements were made by determ'mation of the melting point

~ of NIST Standard Reference Material indium. Table 11 .lists the results of the measurements made for

each simulants.
Table 11. Determination of heat capacities for SRS simulants
Sample o : Heat capacity (J - g‘1 -°C)
Water (experimental) 416 416 416 416 416
Water (literature) 4.182 4.179 4.179 4181 4.184
Average SRS simulant 3.61 3.73 3.70 3.61 3.52
High OH- SRS simulant 343 347 345 343 344
High NO;- SRS simulant - 335 337 339 340 341
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4.6 DETERMINATION OF THERMAL CONDUCTIVITY

The thermal conductivity of each waste simulant was determined using a Hot Disk Thermal Constants
analyzer, based on the transient plane source method. A Kaptoﬁ polyimide sensor was placed in an
approximately 200-mL sample; three measurements were made for each simulant, with a 30- to 60- min
relaxation time between each test. Each measurement represented the average of 5-7 calculations from the
temperature-versus-time curve. To eliminate error due to thermal convection within the liquid samples, all
data were taken withip 5s, and the first 2-3 s was used for the calculation of conductivity. All simulants, a
2.143 m NaCl standard, and deionized water had conductivities in the range of 0.6-0.7 W/m - K at 19 C.
(Table 12). Experimental data indicate that there is no significant difference between the values for the
simulants and that for the saline standard. However, the conductivity for water is several standard
deviations lower than the remaining tabuléted values. Literature valués for the thermal conductivity of
water and the saline standard at 20°C are 0.59 and 0.58, respectiveiy‘ln, The disparity in experimental
‘values prompted the calculation of si;nulant conductivity derived from the composition of the individual

simulants, based on the following algorithm'*:

Table 12. Results of experimental thermal conductivity (W/m + K)
measurements for SRS simulants

Dionized SRS simulant
water 2.142 m NaCl Average High OH - High NO; -
Test 1 . 0.60 0.71 0.68 0.70 0.67
Test 2 0.61 0.73 0.68 0.68 0.66
Test 3 0.61 0.72 0.68 070 - 0.68
Average _
conductivity 0.61 072 - 0.68 0.70 0.67

Std. Dev. 0.01 0.01 0.00 0.01 0.01
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2200C - x%g;g . ToiC i | @)
where
},200 = thermal conductivity of the ionic solution at 20°C, W/m - K,
}\?i-(l); o = thermal conductivity of water at 20°C, W/m - K, -
C i = concentration of electrolyte, g ¢ mole/L, and
0} i = coefficient characteristic of each ion.

The thermal conductivity can be calculated for any temperature using the equation:

T

A
20°cC H>O
Amix(T) = xrgxx x___zocz,c 5)
?\'Hzo

Calculated values in Table 13 show that the thermal conductivities for the simulants are the same as the
thermal conductivity value for water and saline standards at a given temperature. Additionally, the

conductivities of the hquids increase by approximately 3% for each increase in 10°C solution temperature.
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Table 13. Calculated thermal conductivity values for SRS simulants

NaCl Simulant concentration (M)
Oy standard ,

Anion coefficient (2412m)  Average HighOH- HighNO,"
OH 2.09E-04 191 3.05 1.17
NO;s -6.99E-05 2.14 1.08 2.84
NO;"~ -4.65E-05 0.52 0.74 0.37
Ccr -5.47E-05 2,142 0.02514 0.01037 0.04014
Co,” -7.56E-05 - 0.16 0.17 0.16
PO, 3" -2.09E-04 0.01 0.008 0.01
C,0,* -3.49E-05 0.008 0.008 0.008
F- 2.09E-05 0.032 0.01 0.05
Si0, > -9.30E-05 0.004 0.004 0.004
Mo0, 0.0002 0.0002 0.0002
AlO, 1.16E-05 0.31 0.27 0.32
SO, * 1.16E-05 0.15 0.03 0.22

Cation
Na* 0 2.142 5.6 5.6 5.6
K* -7.56E-05 0.015 0.03 0.0041
H' -9.07E-05 5.24E-14 3.28E-14 8.55E-14
Cs* -1.16E-04 0.00014 0.00037 0.00014

Calculated Thermal Conductivity A (W/m - K)

A 10°C 0.5739 0.5742 0.5745 0.5740

A 20°C 0.5919 0.5922 0.5925 0.5920

A 30°C 0.6089 0.6092 0.6095 0.6090

“R. C. Reid, et al., The Properties of Gases and Liquids, 4th ed., McGraw-Hill, New York,

1987, p. 587.

®Assume that the aluminate coefficient is equiv.

26

alent to that of sulfate.v




5. SUMMARY

The physical properties of Tonsiv® IE-911 produced in 1998 by UOP were characterized by detéﬁhining the
size distribution, surface moisture content, sorbent porosity, and BET surfacé area of lot 999098810005.
Data were obtained for both as-received CST and pretreated (alkaline w'vas'hecﬂl)’Iohsi‘\‘r0 IE-911. Ovér

95 wt % of the CST was in the 30-50 mesh range (<-590/>-250 pm); less than 1% fines were present.
The average particle size for dry as-received and pretreated CST was 410 + 10 um. A comparison of dry-
versus wet-sieve results indicates that the sorbent particle swells by approximately 9%; the pretreated
material has a slightly higher value. The moisture content for each form of CST is ~7%. Sorbent porosity
and surface area determinations, based on nitrogen adsorption, indicate that the BET surface area and pore
~ volume values were higher in the as-receivc:d'lonsiv°i> IE-911, 50 m¥g, and 0.063 cm®/g, respectively.
Pretreated CST values were reduced by 30% in comparison. Each form of CST exhibited a Type I
isotherm indicative of nonporous or macroporous adsorption. The hysteresis in the profile is that of Type
H3>, which is observed in sorbents composed of aggregates of plate-like ‘particle‘s similar to the ]ayeréd

crystalline structure of CST.

* Solid-phase transitions in Tonsiv® IE-911 samples and pure CST powder without binder were determined
usihg DSC data. The heat capacity of CST powder (Tonsiv® IE-910) varied linearly with temperature from
35 to 215°C, indicating that pure CST is stable over this temperature range. No signs of charring or color
change were observed in the final heated Sample. Studiés of as-received Tonsiv® IE-911 samples (lots
999096810001 and 99909681004) prepared in early production runs show the presence of s'mall
exothermic heats at 145°C superimposed on the heat capacity-versus-temperature profile. Results obtained
from more recently produced Ionsiv® IE-911 (lots 999098810005 and 99909881000‘8) indicate that an
endothennic reaction occurred throughout the temperature region 105-185°C. Additionally, a char residue
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and “graying” of the CST particles were observed in the final heated Sample. In comparison, DSC profiles |
of pretreated CST pellets did not exhibit an endothermic reé,ction and the heated sample was not discolored
or charred. DSC scans of binder precursor in Ionsiv® IE-911-and the binder itself suggest that the
endothermic reactions observed in the most reéent pfoduction runs of the sorbent were probably due to the
presénce of binder precursor. The pretreatment of Ionsiv® IE-911 with sodium hydroxide appeared to
wash the precursor contaminant from the sorbent pellets. Thus, stated equations derived for the
determination of heat capacity for Ionsiv® IE-910 powder and Ionsiv® IE-911 pellets can be used provided
that UOP does not change the formulation of the products and that there is no residual precursor to binder

remaining in the final engineered CST.

Several thermophysical properties were determined for the three SRS simulants: Average, High OH™ and
High NO;". Of the parameters studied, the High NO;™ simulant had the greatest solution density at a given
temperature, followed vby' the Average simulant. The density of each simulant decreased linearly over the
15-30°C range. All simulants were equivalently affected by temperature; a reduction of 10°C in solution
temperature decreased the density by 0.5 %. When the solution temperéture was decreased below -3°C,
ice crystals formed in stagnant simulants. White amorphous solids began to form at -4°C only in unstirred
High OH" simulant. All solids redissolved when they were brought to room temperature. The High OH"
simulant had the greatest viscosity below room teméerature. The viscosities of the simulants were
essentially equivalent at 30°C (2.5 cP). The heat capacities of the simulants ranged from 3.35 t0 3.70

J -gf‘ -°C for the 20-60°C temperature range. The Average simulant consiStently had the greatest heat
capacity of the three waste matrices. There appeared to be no significant difference in the thermal
conductivities of the simulants; 0.7 W/m - K was a typical value. Calculated data suggest that the thermal

conductivity increased by 3% for every 10°C increase in solution temperature.
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This compilation of thermophysical data should help to resolve questions associated with the use of
Ionsiv® IE-911 to decontaminate SRS waste streams. The research conducted thus far with filtered SRS
waste simulants suggests that potential solids formation associated with the cooihig of feed streams should
be minimal. Heat capacity data that will aid in calculating a total heat balance for large-scale CST |
columns are also provided. Finally, the source of an endothermic reaction in as-received Ionsiv® IE-911
appears to be the presence of small amounts of binder precursor that can be removed using an alkaline
pretreatment of the CST.
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