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ABSTRACT

The reactions which occur when fly ash is treated under hydrothermal

conditions will be investigated. This will be done for two primary reasons.

The first of these is to determine the nature of the phases that form, to

assess the stabilities of these phases in the ambient environment and,

finally, to assess whether these phases are capable of sequesting hazardods

species. The second reason for undertaking this proposed study is that,

depending on the composition of the ash and the presence of selected

additives, it may be possible under hydrothermal conditions to form

compounds which have cementitious properties.

Formation of four classes of compounds, which bracket likely fly ash

compositional ranges, have been selected for study. These are calcium

_ silicate hydrates, calcium sillcosulfates, calcium aluminosulfates, and alkali

alumJnosilicates. The specific compounds fabricated will be determined and

their stability regions assessed. As a part of stability assessment, the extent

to which selected hazardous species _e sequestered wil! be determined.

Finally, the cementing properties of these compounds will be established.

US/DOE Patent Clearance is not required prior to the publication of this
document.
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DISCLAIMFR

This report was preparedas an account of work sponsored by an agency of the, Unite.dStates

Government, Neither the United States Government nor any agency thereof, nor any of their
empioye¢s, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for th_ accuracy, completeness, or usefulness of any information, apparatus, product, or

_. process disclose, or represents that its use would not infringe privately owned rights. Refer-
once herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otl,_rwise does not necessarily constitute or imply its endorsement, rccom-

- mendation, or favoring by the Llnited 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.
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PROGRF._$

This is the initial report for this program.

During this period two fly ashes, one high llme and one low llme, were

acquired and analyzed. The results of chemical analyses are attached,
b

An inital study to determine the intrinsic reactivity of these ashes has

been carried out. This was done by isothermal calorimetry. In the method

used a known amount of ash (typically 3 grams) is placed in a gold plated

copper calorimetric sample holder. This is then thermally equilibrated to

the temperature of reaction. An aqueous reactant is separately equilibrated

to the same temperature. Once equilibrium has been achieved, the liquid is

inoculated onto the solid and the heat of reaction measured. These

experiments were carried out at 25, 38, and 60°C on the two ash samples.

Results of calorimetric tests on two types of fly ashes with and without

alkaline activators at different temperatures are reported. The technique is

used to identify and monitor the progress of reaction of two types of fly ash

reacted with various alkaline activators. The results showed that there are

distinct differences in the manner in which the different ash pastes

hydrated at different conditions. Using alkaline activators, it may be

possible to produce a fly ash based material with the desirable chemical

reactions and physical properties.

1. Reactivity of raw materials

Figure 1. shows the heat evolved during hydration for raw materials at

38oc. lt can be seen that the hlgh-lime fly ash has direct cementitlous

activity between the ash and water and shows pozzolanic reactivity, but the

low-lime ash tested here shows poor reactivity.

2. Effect of temperature
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The sample measured at elevated temperature (60oc) followed the

same trend as the one at lower temperature (38oc in Fig. 1) as shown in

Figure 2. For the Iow-llme ash, three different temperatures used were'

25oc, 38oc and 60oc, and samples were measured for 24 hours, lt was

found that no peaks could be observed during this period of time no matter

how high the temperature was (A small peak appeared between 3--5 minutes

for all samples is treated Just as a mixing peaks as shown in Figure 3). For

the high-llme ash, however, the sample with high temperature has faster

reacUon rates (Figure 4) and higher total evolved heat (Figure 5) than

sample with low temperature.

PLANNED WORK

In the next quarter, the effects of 'alkaline activators and calcium

sulfate will be evaluated.
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LOW LIME ASH HIGH LIME ASH

Si__2 50.2% Si02 36.9%
AI 203 17.5

A!203 27.0 TJ02 1.17

TiD2 1.40 _ Fe203 5.90

Fe203 13.8 MgO 5.05CaO 26.14

MED O.84 MnO 0.038

C_,D I. 82 SrO 0.43

M=O O. 034 BaO 0. O2

Na20 1.91

_a20 0. _4 K20 0.45

K20 2.45 P205 0.97

P205 0.49 S03 2.10
L.O.I. (:'_OO°)' 0.39

Tot _tls 98.27% TOTAL 99.6%

1250 ppm

Sr 900
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