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Abstract 

The vaporization of cesium from the SYNROC mineral barium-

cesium hollandite was studied over the temperature range 900°C 

to 1150°C using the transpiration method. With a dry argon-5% 

hydrogen carrier gas, the pressure of cesium over barium-

cesiuin hollandite solid solution follows the relationship, 

log PCs(atm) = 2.743 - 1 J ^ J '"•• The heat of vaporization 

is 217 + 15 kJ/mole. The presence of water vapor increased 

the volatility of cesium. 
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mendation, or favoring by the United Slates Government or any agency thereof. The views 
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United States Government ir any agency thereof. 



Introduction 

The purpose of this work is to evaluate the type and 

quantity of off-gases that can be expected during the fabrication 

of the solid nuclear waste form known as SYNROC. ' ' ' In the 

SYNROC concept, waste elements are incorporated into synthetic 

minerals of the same or similar composition as natural!v 

occurring minerals which are known to have retained these 

elements for periods of time up to many millions of years. 

A preliminary study of the off-gases that might be 

produced in a typical sintering process showed that one of 

the most volatile of all the elements found in the waste is 

cesium. Calculated cesium volati l i t ies are very high, 

particularly in the presence of water vapor. 

In both SYNROC-C (the mixture of minerals proposed for 

commercial waste) and SYNROC-D (the mixture of minerals 

proposed for defense wastes), cesium is incorporated into 

barium hollandite (BaAkTigO,,). The hollandite *orms at a 

lower temperature (900°C) than the proposed sintering 

temperature of about 1200°C so when sintering begins, the 

cesium is already incorporated into the hollandite. The focus 

of this study has been on the vaporization of cesium from 

barium-cesium hollandite solid solution. The results of these 

measurements also provide a basis for evaluating cesium vaporiza

tion losses from SYNROC under severe environmental conditions. 

Preparation of barium-cesium hollandite samples 

The composition of the barium-cesium hollandite samples 

used in the vaporization studies was Bag gCsQ jAlgTigCsg'TiCy 

This corresponds to a BaO,CsO/Al203/Ti02 ratio of Vl/6.5 which 



is similar to the composition of Ringwood's best material. 

Samples were prepared using a variation of a method used by 

Dosch at Sandia National Laboratory. 

Titanium(IV) isopropoxide was added to a methanolic solution 

of CsOH. An aqueous solution of A1(N03)3»9H20 and Ba(N03)2 

was then added to the above solution and the resulting slurry 

was well mixed in a blender. After mixing, the result was 

usually a thin gel. This material was dried on a steam bath 

until al l the methanol had evaporated, dried to a powder at 

110°C in a drying oven, ground up, and then calcined in a box 

furnace for four hours at 650°C. The resulting powder was 

ground up, cold pressed into pellets, and fired in Ar-5% H-

for 18 hours at 900°C. After regrinding and a second over

night f i r ing at 900°C, the bluish-gray product gave x-ray 

diffraction pictures that showed the typical hollandite 

pattern with excess TiO?. X-ray diffraction pictures were 

carefully checked for the presence of other phases. A small 

amount of BaTi03 and A^O., was found. By comparing x-ray 

diffraction pictures of samples mixed with a known amount of 

these compounds, the samples were estimated to contain less 

than 5% BaTi03 and 5SS A1203. To assure that all the cesium had 

reacted, some samples were rinsed with distil led water before 

being used for vaporization measurements. No differerence 

was found between rinsed and unrinsed material. Table I 

shows the results of analysis of samples for cesium and 

barium by x-ray fluorescence. 



Vaporization Studies 

No vaporization data for barium-cesium hollandite has been 

reported in the literature. We chose to use the transpiration 
0 

method to obtain equilibrium vapor pressures of cesium. In 
this method, a carrier gas is flowed over a heated sample of 
the material to be studied. Any part of the sample that is 
vaporized through simple volatilization or reaction to form a 
volatile species is then equilibrated with the carrier gas, 
carried downstream, and deposited in a cooler portion of the 
apparatus. The deposited material is then analyzed for the 
desired element which in this study was cesium. If the carrier 
gas is saturated with the vaporized material, the vapor 
pressure of the gaseous species, P , may be determined from the 

y 
following relationship: 

where P t is total pressure, n is number of moles of gaseous 
species, and n is number of moles of carrier gas. The vapor
ization apparatus, which was constructed out of 99.858 alumina, 
is shown in Figure 1. Hullite tubing was tried but was found 
to react with the vaporized material. The apparatus was placed 
in the middle of constant temperature hot zone of a 50-cm long 
furnace. Of the two furnaces used, the shortest constant 
temperature zone was 7.0 cm with a maximum variation of 2°C at 
1050°C. The carrier gas used was high purity dry (<3 ppm H-0) 
Ar -5$ Hg. A reducing gas was used since any sintering process 
would require an atmosphere to prevent the formation of a soluble 



cesium molybdate. Four runs were made with wet Ar-555 H„ carrier gas. 

In these runs the carrier gas was saturated with water by running 

i t through a gas dispersion tube immersed in a one-liter flask of 

room temperature dist i l led water, before introducing i t into the 

furnace. The total pas flow was measured with a wet test meter. 

Deposited material from the transpiration run was washed out 

of the collector tube with successive washings of 25 ml of disti l led 

water. The washings were then analyzed for cesium by atomic 

absorption methods. The analytical method gave a precision and 

detection l imi t of 0.03 ppm Cs. 

To assure that equilibrium was reached between the carrier 

gas and the heated sample so that the carrier gas was saturated 

with cesium, the apparent cesium pressure was measured at a 

variety of carrier gas flow rates. Figure 2 shows that with 

flow rates from 30 to 100 ml/min, cesium pressures at 1075°C 

remained constant—thus confirming gas saturation. The runs 

selected for Figure 1 were within 7°C of 1075°C and pressures 

were corrected to 1075°C. Host transpiration runs were made 

with flow rates of 35-50 ml/min at STP. 

Results and Conclusions 

The data for vaporization runs from 900T to 1150°C are 

listed in Table I I and the resulting pressures are plotted as 

a function of reciprocal absolute temperature in Figure 3. 

The data best f i i : a straight line with the equation: 

log S'Cs(atm) - 2.743 - 1 ' ] ^ 1 0 , (2) 

Using the value for the slope and its associated standard 

deviation, and assuming that the gaseous species present is 

Cs(g), the heat of vaporization of Cs(g) over (Ba, Cs)-hollandite 



solid solution is 217 + 15 kJ/mole, 
The runs in which water was present are plotted on 

Figure 3 as triangles. They average 3.5 times higher than 
runs at the same temperature with dry carrier gas. This 
effect would be expected since the gaseous species CsOH 
and Cs 2(0K) 2 are more volatile than Cs(g) under the same 
conditions. 
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Table I . Cesium and Barium Content of Vaporization Samples 

Unrinsed Rinsed 
Theoretical Sample Sample 

Cesium 1.6% 1.3? 1.0S 

Barium 15.21 13.7S 12.4S 



Table I I . Transpiration Data for Cesium Vaporization from (Ba, Cs)-Hollandite 
Solid Solution 

Temperature Time Flow Rate, STP n n 6 f , i m \ 
Run No. T O («in) W/min) *Ppm Cs P,, x 10 (atti) 

11 1081 1589 36.7 32.8 2.28 
12 1082 1560 44.6 37.6 2.21 
13 1087 1423 37.7 35.6 2.71 
14 1024 1463 48.7 9.10 0.522 
15 1087 1513 37.9 29.1 2.07 
16 1018 1396 51.0 7.84 0.448 
17 1072 971 37.1 24.2 2.73 
18 1072 1252 99.9 55.4 1.80 
^g** 1022 1639 50.1 57.8 • 2.84 
20 1097 1000 64.6 39.6 2.48 
21 1071 983 45.6 12.7 1.15 
22** 1018 1462 48.3 52.4 4.56 
23 1072 1015 59.7 29.2 1.96 
24 1079 1084 31.0 17.7 2.16 
25 954 2593 44.6 10.9 0.384 
26 955 2620 37.5 7.9 0.323 
27 1001 1492 45.9 14.8 0.883 
23 1076 1036 90.6 56.4 2.46 
29 1073 984 62.3 26.0 1.74 
30 1049 1487 44.3 26.1 1,71 
31 1072 1143 38.5 21.2 1.97 
34 898 3976 51.1 6.1 0.122 
35 1049 996 47.2 23.4 2.04 
35 1153 981 36.8 78.4 8.89 
37** 994 1012 47.9 26.6 2.24 
38** 1070 937 53.7 55.3 4.25 
39 1069 993 45.6 19.3 1.73 
40 1071 989 37.2 23.4 2.58 
41 1039 1480 48.4 31.3 1.79 
42 1134 1166 37.3 48.9 4.60 

* in 25.0 ml **wet Ar-5S Hg, Vapor pressure o f water (mm Hg): 
Run 19, 25.36; Run 22, 28.10; Run 37, 24.11; Run 38, 22.58 



Figure 1. Transpiration Apparatus 
A, Transpiration Tube; B, Diffusion Barriers C, Sample; 
D, Effusion Orifice; E, Collector Tube; F, Thermocouple 
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Figure 2. Var ia t ion o f Cesium Pressure w i th 

Carr ier Gas Flow Rate at 1075°C 
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Figure 3. Temperature Dependence of Cesium Pressures 

over (Ea, Cs)-Hollandite Solid Solution 
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