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Abstract –There exist webs of fissures inside the glass block accessible to underground water and theses 
fissures will influence the alteration of the glass significantly. It is very necessary to study the fissure 
surface properties of the glass under deep geological conditions. The alteration tests were conducted using 
the simulated high level radioactive glass powder immersed in Beishan (candidate disposal site) 
underground water with S/V ratio of 8000m-1 at 150℃ and 90℃ for different periods. After immersion, the 
glass powder was filtered and dried at 120℃ for 3 hours. The surface properties of the dried glass powder 
were evaluated by inverse chromatography. The results showed that the specific surface area of the glass 
increases abruptly at the beginning of immersion and then increase slowly afterwards. At higher immersion 
temperature, the secondary phase is condensing crystals; at the lower immersion temperature, the 
secondary phases were loosely “islands” with cracks or fissures. 

 
 

INTRODUCTION 
Glass alteration is a very complex phenomena 
and the prediction of the glass alteration in 
aqueous media is a very important issue for the 
final disposal of high level radioactive glass 
under deep geological conditions. There exists 
fissures inside the glass block and the surface 
area of the fissures is very important parameters 
influencing the alteration of the glass.Inverse gas 
chromatography (IGC) is widely used to 
characterize the solid surface by the parameters 
of its specific surface area and the dispersive 
component of adsorption energy of the probes 
adsorbed onto its surface. By IGC, people have 
studied carbon[1-6],silica[7],glass[8-10],clay[11-
13],bentonite[14],polymers[15-16]and various 
other organic as well as mineral fillers[17-20].   
The purpose of this research is to apply IGC to 
the study of the alteration of simulated high level 
radioactive glass in aqueous media. 
 
Sample Preparation 

The glass is the Chinese simulated HLLW glass 
whose composition is detailed in Table 1. Glass 
powders were prepared by grinding and sieving 
the glass block obtained in laboratory. Size 
fraction selected is 100-120 µm. These fractions 
were ultrasonically cleaned in ethanol and in 
deionized water. The glass powders were 
immersed in Beishan underground water in static 

model in a Teflon container at the glass-surface-
area-to-solution-volume ratio (S/V) of 8000 m-1. 
Beishan is the candidate site for the disposal of  
China’s high level waste .Teflon containers were 
sealed and kept in the ovens at 90 ℃ and 150℃ 
respectively for 7, 14, 28, 90, and 180 days. 
After immersion, the glass powders and the 
leachates were collected for analysis 
respectively. The glass powders were filtered and 
heated at 120℃ for 3 hours for analysis. The 
leachates were analyzed for determination of the 
concentrations of main elements of the glass. 

TABLE I. Composition (wt %) of Chinese Simulated 
HLLW Glass. 

oxides wt% oxides wt% oxides wt% 
SiO2 51,66 Li2O 2,52 SrO 0,04 
B2O3 14,87 Fe2O3 3,23 ZrO2 0,15 
Na2O 11,44 NiO 0,59 MnO2 0,39 
Al2O3 3,54 Cr2O3 0,30 Cs2O 1,12 
MgO 1,85 SO3 0,66 BaO 0,62 
CaO 5,38 P2O5 0,07 Y2O3 0,20 

La2O3 0,93 SnO2 0,02 Ce2O3 0,97 
TeO2 0,23 Nd2O3 2,04 Pr2O3 0,46 
Ag2O 0,03 CdO 0,03   
total     100.00 

 
Characterization 

The specific surface area of the glass powders 
was measured with pentanol as probe by inverse 
gas chromatography under finite conditions. 
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According to the elution characteristic point 
method (ECP) described by by Conder [21], the 
first derivative of the desorption isotherm of the 
probe is determined by the net retention time of 
the chromatogram of the probe as described by 
Equation1: 
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Where N is the number of probe molecule 
adsorbed at the considering point, P the pressure 
of the probe at that point, L the length of the 
column of the chromatography, tR the retention 
time of the probe, t0 is the dead time of the 
column (retention time of the methane here), Dc 
the corrected flow rate of the carrier gas and m is 
the mass filled in the column. By fitting the 
isotherms to the linear form of the BET 
equations, the monolayer capacities were 
determined and the specific surface area 
of the glass can be calculated. The 
measurement of the dispersive component of 
surface energy γs

d was proposed by DORRIS and 
GRAY [22]. γs

d is determined by the slope 
(∆Ga(CH2) of the straight curve representing the 
variation of the free adsorption energy (∆Ga) of a 
series of homologue alcanes with the number 
carbon atoms 
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N——constant of Avogadro, a —— area 
occupied by methylene group -CH2-(0.06nm2）

， 2CHγ ——the surface force formed by the 
methylene groups closely compacted which is 
equal to the surface force of the polyethylene. 

)20(058.06.352 TCH −+=γ  （mJ/m2）  （3） 
T-temperature in degree centigrade(℃）。 

11grames of glass samples were filled 
in the column with a diameter of 6mm and 
a length of 600mm. The carrier media is 
helium with a flow rate at 25ml/min 

To measure the specific surface areas, 
1.2µL of pentanol is injected and the 
column temperature was kept at 50�. The 
temperature of injection chamber and the 
detection chamber is 200�.To determine 
the dispersive component of surface 
energy �s

d, the probes of methane, 
heptane, octane, nonane and decane are 

injected by the Hamilton Constant Rate 
Syringe (CR-700-20) into the column 
under infinite dilution conditions. The 
column temperature is 100℃.SEM/EDS 
were used for characterization of the 
morphology and the generation of the new 
phases on the alterated surfaces of the 
glass. Concentrations in leachates were 
determined by plasma atomic emission 
spectroscopy for Si, B, Na, Li, Al, and Ca. 
The precision is roughly 5% when the 
concentrations are above the detection 
limit (0.05 mg l-1). 
THE EVOLUTION OF THE SPECIFIC 
SURFACE AREA WITH DIFFERENT 
IMMERSION PERIODS 
After immersion in Beishan underground water, 
the glass powders were alterated and their 
specific surface areas were thus increased as 
shown in Figure 1. Figure 1 shows that the 
specific surface area were at first increased 
quickly, then increased slowly (corresponding to 
28 immersion days) and finally decreased 
slowly. This trend may be due two mechanisms 
for the immersion of glass in water. One 
mechanism is the leaching of glass-forming 
elements and the specific surface area will be 
thus increased. The other mechanism could be 
the generation of the secondary phases due to the 
saturation of the glass-forming elements such as 
Si, Ca and Mg. With the growth of the secondary 
phases, the specific surface area could be 
deceased. 

 
Figure1 the Variations of the Specific Surface 

Area with Different Immersion Periods 
 

THE EVOLUTION OF THE DISPERSIVE 
COMPONENT OF ADSORPTION ENERGY 
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WITH DIFFERENT IMMERSION 
PERIODS 
The alteration of glass surface could be 
characterized by the dispersive component γs

D of 
the adsorption energy. Figure 2 shows that the 
dispersive components for the glass immersed at 
different temperature(90� and 150�) have 
different variation trends. The different trends 
may be caused by different mechanisms of the 
generation of the secondary phases. 

 
Figure2 the Variations of the Dispersive 
Component of Adsorption Energy with Different 
Immersion Periods 
 
At the beginning of the immersion, the elements 
in glass were leached out at different leaching 
rates. As a result, the surface of glass becomes 
heterogeneous and some points are highly 
energetic. Therefore, at the beginning of the 
immersion of glass powders, the dispersive 
component was increased with the time. With the 
immersion time increasing, the secondary phase 
occurs due to the saturation of some elements 
such as the elements Si, Ca and Mg. But the 
mechanism of the formation of the secondary 
phase is different when the immersion 
temperature is different. At higher immersion 
temperature, the site with higher the dispersive 
component become the generation site of the 
secondary phase due to the selective adsorption 
of the forming elements of the secondary phase 
by the glass surface. With the growth of the 
secondary crystals, the sites of high dispersive 
component disappear. As a result, the dispersive 
component was decreased. At lower immersion 
temperature, the secondary phase is not the same 
as the secondary phase. These kinds of 
secondary phases were not so condense as those 
formed at higher immersion temperature and the 
sites of high dispersive component may be 
caused by the fissure inside the secondary phases 

 
Figure3 the Generation of Second Phase on the 

Surface of the Glass 
SEM image could provide additional information 
about the generation of the secondary phases as 
displayed in Figure 3. The secondary phase 
occurs earlier at higher immersion temperature 
than that at lower immersion temperature. 
 

THE EVOLUTION OF THE 
CONCENTRATIONS OF THE TRACER 
ELEMENTS IN THE GLASS WITH 
DIFFERENT IMMERSION PERIODS 
The leaching rates of the tracer elements of Li 
and B in glass could corroborate the 
measurements of specific surface area and the 
dispersive component of the adsorption energy 
of the glass powder. Figure 4 shows that at the 
beginning of the immersion (corresponding to 28 
days of immersion), the tracer elements of Li and 
B were leached out quickly. With the immersion 
time increasing, the leaching becomes stable. 

 
Figure4 the Variations of Leaching Rates of the 

Tracer Elements in Glass with Different 
Immersion Periods 

 
RESULTS 

For the first time, inverse gas chromatography
（IGC） is applied in the study of the alteration 
of simulated glass for the disposal of high 
radioactive wastes. IGC could clearly detect 
variations of the glass surface and the 
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generations of the secondary phases on glass 
surface with different immersion time. At the 
beginning of the immersion of glass, the specific 
surface areas and the dispersive components 
were increased quickly. With the immersion time 
increasing, the secondary phases occur and the 
specific surface areas were decreased. The 
parameter of dispersive component could detect 
the differences of the secondary phases. At 
higher immersion temperature, the secondary 
phase is condense crystals while at the lower 
immersion temperature; the secondary phases 
were loosely “islands” with cracks or fissures. 
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