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Application of solvent exchange techniques to blended cements used to solidify LLW vitrification 
off-gas wastes 

P.D. Tennis, H.M. Jennings, R.J. Krizek 
Northwestern University, Evanston, EL, USA 

ABSTRACT: The microstructures of hardened portland and blended cement pastes, including 

those being considered for use in immobilizing hazardous wastes, have a complex pore structure 

that changes with time and includes pores that vary over 5 orders of magnitude in size from pores 

on the order of 1 mm in diameter to less than 10 nm. In solvent exchange, the pore structure is 

examined by immersing a saturated sample in a large volume of solvent that is miscible with the 

pore fluid. As the pore fluid diffuses out of the pore structure and the solvent diffuses into it, the 

sample's weight changes. The rate and amount of this change yield information on the volume and 

interconnectedness of the porosity in the system. 

This paper reports the results of solvent replacement measurements on several blended cements 

mixed at a solution: solids ratio of 1.0 with alkaline solutions from the simulation of the off-gas 

treatment system in a vitrification facility treating low-level radioactive liquid wastes. The results 

show that these samples have a lower permeability than ordinary portland cement samples mixed at 

a water.solids ratio of 0.70, despite having a higher volume of porosity. The microstructure is 

changed by these alkaline solutions, and these changes have important consequences with regard 

to durability. 

1 INTRODUCTION 

Ordinary portland cement (OPC) is a hydraulic powder that reacts with water to form a hard, 

durable solid. The products of the hydration reaction are less dense than the original grains and fill 

in part of the space occupied by the mix water. This results in a complex microstructure containing 

unreacted cement grains, several types of reaction products, and porosity (unfilled space). As the 

most predominate product, a calcium silicate hydrate, is itself porous, the pore structure varies 



over several orders of magnitude in diameter: from capillary pores as large as 1 mm to so-called 
gel pores less than 1 nm. 

Blended cements, those containing portland cement and some other less reactive material 
(typically blastfurnace slags and fly ashes), have been suggested for use, and indeed are being used 
(Conner, 1990), to immobilize low-level radioactive liquid wastes because of their long term 
durability, formability, low cost, and immobilization ability (beneficial transport properties). As 
high solution: solids ratios (typically about 1.0 by weight) are used, the pore system of these 
samples would be expected to be more open and have more volume, as more space is initially 
present to fill in. Also, the pozzolanic materials are typically much slower to react than OPC, 
resulting in less product formation, especially at early ages. 

The pore structures can have important consequences with regard to the durability of the solid 
and to the transport of hazardous species in the pore solution. For this reason, the pore structure 
of pastes of blended cement mixed with highly concentrated alkaline solutions were examined 
using a solvent replacement technique. In this approach, a hardened, saturated sample is immersed 
in a fluid that is miscible with the fluid in its pores. As the counter diffusion of the miscible fluids 
occurs, a weight change can be monitored and the accessibility of the pore structure can be 
observed. This technique has the advantage of not requiring the sample to be dried (as in MIP). 
The drying process is known to damage the fine pores (Litvan, 1976) as the meniscus is pulled 
though the sample. 

Several pore structure characteristics can be obtained from this type of test. First, the total 

volume of porosity can be determined by the initial and final weight sample weights. Second, an 

indication of the tortuosity of the pores can be obtained by determining the length of time required 

for half of the exchange to take place, a value Parrott (1984) referred to aseTi/2. Less permeable, 

and therefore more durable, samples will have a larger value of exchange time. 

2 EXPERIMENTAL 

Both OPC (ASTM Type I/II) and blended cement pastes were cast into 2.5 cm diameter vials and 
cured for 28 days at room temperature (approximately 23° C). The OPC paste was mixed at a 



3 RESULTS 

Figs. 1 and 2 show the methanol and propan-2-ol exchange curves, respectively, for 

representative samples of each of the pastes (normalized by total weight lost for the sample) as a 

function of the square root of exchange time. Note that although the curves have similar shapes, 

the larger molecule, propan-2-ol, shows a slower exchange rate. 

Table III shows the values determined for both the eTm parameter and the total porosity. 

Although the blended cements have a much higher total volume of porosity, the rate of solvent 

exchange in both cases is much lower than in the OPC paste, indicating either a reduction in the 

interconnectedness or an increase in the tortuosity of the pore structure in the blended cement 

pastes. 

Table HI. Solvent exchange results 
Paste Solvent e t 1 / 2 Porosity 

(minutes)1'2 (%) 

OPC methanol 18 62 
CGKS methanol 33 87 

CK methanol 78 75 
OPC propan-2-ol 24 56 

CGKS propan-2-ol 52 79 
CK propan-2-ol 80 75 



water: cement ratio of 0.70 by weight, while the blended cement pastes were mixed at a 

solution: solids ratio of 1.0 1/kg. The OPC samples were slowly rotated for 24 hours to prevent 

sedimentation. No sedimentation was observed in any of the samples. Table I gives the 

compositions of the pastes. Pastes containing both metakaolin, a heat-treated form of kaolinite, 

and a ground blastfurnace slag were used. The solution described in Table II is designed to 

simulate a post-vitrification waste stream in a low-level radioactive liquid waste treatment facility. 

After 28 days, the samples were removed from the vials. The bottom 5 mm were removed and 

discarded and several 3 mm thick disks were sliced using a diamond coated saw cooled with lime-

saturated water. These disks were then weighed, both saturated and while suspended in methanol 

or propan-2-ol. The samples were weighed immediately after immersion, and then several times in 

the first few hours. The samples were then stored (3 samples in 100 ml of solvent) in the solvent 

and the suspended weights were measured periodically. To maintain a high solvent concentration, 

fresh solvent was added to the sample containers after 1,3, and 7 days. 

Table I. Solid blend compositions (% by weight) 

Paste OPC Metakaolin Gypsum Blastfurnace 

Slag 

OPC 100 20 9 20 

CGKS 51 20 

CK 80 

Table II. Composition of solution 

Amount 

Compound (g/1) 

NaCO, 4O0 
NaN0 3 32.7 

Na 3(P0 4) '12H 2 0 24.5 
NaN0 2 12.2 

Al(NO,V9H ?Q 7.0 



4 CONCLUSIONS 

Solvent exchange is a simple procedure that can be used to gain information about the pore 

structure of portland and blended cement pastes without the damaging effects of drying. For the 

blended cements mixed with the alkaline solutions used in this study, the porosity measured by the 

solvents was much higher that a neat OPC paste of a lower solution: solids ratio. Despite this 

observation, the counter-diffusion of methanol and propan-2-ol in the blended cement pastes was 

reduced, indicating a more restrictive pore structure and probably a more durable solid. 
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FIG. 1. Percentage of methanol exchanged as a function of time. 

100% 

1 80% 

t i 60% 

Re
pl

a 

40% 

20% 

0% 
0 50 100 1 5 0 - 2 0 0 250 300 350 

A/2 Time (mm) 

FIG. 2. Percentage of propan-2-ol exchanged as a function of time. 


