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Introduction 

The use of fly ash produced by combustion of coal in the areas of infrastructure, 
construction and agriculture hinges on the characterization of the ash as "usable ash". 
The criterion for such a characterization is application dependent and meeting this 
criterion is determined by evaluating the extent of metal leaching under environmental 
conditions specific to the ash application of interest. 

Fly ash can be utilized as a pozzolanic filler in cement mixtures used in various sub-
surface applications. CLSM (Controlled Low Strength Material) and Grout are two 
types of cement/sand mixtures in which fly ash is added to the mixes. 

CLSM is designed to fill cavities (trenches, pits, etc.) as a replacement for soil, fine 
quarry products or natural sand fillings and therefore requires low strength (0.5 to 2.0 
MPa after 28 days of curing). CLSM is composed of the same components as concrete, 
but their proportions are different, depending on strength and other properties suitable 
for the desired application. Due to the fine and globular particles that characterize ashes, 
their presence in the CLSM mixture increases workability, improves flow properties 
and reduces water consumption.  

Grout is designated to fill cracks in rocks and/or fill the gap between casted concrete 
and the rock (sprayed concrete or plates), and therefore its required strength can reach 
up to 10-20 MPa. The difference between CLSM and Grout is in the content of the 
components of the mixture and especially the cement content. Cement amount in CLSM 
is 80 to 120 kg per cubic meter (and the mixture will also contain a flow improving air 
entraining agent), while in Grout the amount of cement can reach up to 800 kg per cubic 
meter. 

As the amount of fly ash in CLSM mixture is relatively low, its use in infrastructure 
applications is minor because of economic costs (availability of quarry waste and fine 
materials), while use of fly ash in Grout is more common. On the other hand, as the 
main purpose of Grout is for infrastructure filling, the extent of Grout use is limited. 

In infrastructure applications, CLSM and Grout may come into contact with runoff and 
even groundwater, and therefore the degree of contaminants leached from the mix as a 
result of fly ash addition should be examined. In a few studies which examined the 
leachates from cement mixtures containing fly ash, as well as in preliminary tests 
conducted at the Geological Survey of Israel several years ago, it was found that 
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concentrations of polluting elements in the leachates were below the threshold levels 
defined by the Environmental Protection Authorities for groundwater protection.  In 
addition, the cement mix significantly reduces the leachability of pollutants contained in 
the fly ash. Hence, the working assumption is that cement mixes containing fly ash are 
safe for use in sub-surface applications and there is no risk to groundwater. 

Research Objectives 

Determining concentrations of trace elements and in particular polluting metals, in 
leachates that are released from cement mixtures containing fly ash that are commonly 
used in Israel. Examination of these leachates and evaluation of the expected metal 
concentrations to be released will allow definition of criteria for fly ash usage in 
infrastructure applications. 

Methodology 

Fly ash will be incorporated in representative CLSM and Grout mixtures used in Israel 
(Table 1). Cubes will be prepared from these mixtures and will be tested according to 
procedure EA NEN 7375:2004, also known as the tank test and is used for 
determination of the extent of leaching of inorganic components from moulded or 
monolithic materials using the diffusion test. The contribution of the fly ash in the 
cement mixtures to the leachate will be tested by comparison to mixtures without ash. 
The leaching procedure involves eight stages during a period of up to 64 days and will 
be carried out on identical cubes left for varied curing periods (7, 28 and 90 0F1 days).  
Each cube-composition and curing time will be duplicated and in case of high 
variability between the results a third leaching test will be conducted. To start with, a 
mixture with a high content of an ash characterized by a high concentration of 
contaminants (i.e., Colombian ash) and with a low pozzolanic activity (expected to 
release the highest contaminants concentration), will be tested for each product (CLSM 
and Grout). If the results of this test will exceed the threshold criterion for land 
application, other ashes with different compositions and pozzolanic properties will be 
considered. Similarly, if the first leachates obtained from cement mixtures containing 
fly ash that were cured for 28 days will be found to pass the threshold criteria, there will 
be no need for testing the cubes cured for 90 days. 

Materials and methods 

1. Preparation of cubes 
Cubic blocks of 10 x 10 x 10 cm of the various cement mixtures of CLSM and Grout 
will be manufactured in the Construction Laboratories at the Standards Institution of 
Israel according to guidelines prepared by Eng. Gideon Irus, the consultant to the 
National Coal Ash Board. The cubes will be manufactured in pre-cleaned plastic 
moulds to prevent contamination. 

                                                      
190-day tests are required by the BRE protocol for Grout in rehabilitation of mines in the UK  
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The freshly prepared cubes will be placed under controlled humidity (95%) and 
temperature (2 ± 20 ° C) conditions for the various curing periods: 7, 28 and 90 days. 
These periods were chosen for engineering reasons and are designed to enable the 
follow up of the strengthening of the concrete. Typically, strengthening of the concrete 
is completed after 28 days. If the concrete does not meet the required strength at this 
curing age, it does not disqualify the concrete, but it means that the concrete must be 
tested after 90 days of curing.  Curing time of 7 days is minimal and represents 
immediate use of concrete before its strengthening. Additional cubes will be casted for 
physical characterization (i.e., weight, surface area, etc.) of a given composition (at least 
one additional cube per each composition and curing time). 

The geometric surface area of the cubes (ca. 0.06 m2) will be precisely measured on one 
cube from each mixture and its apparent porosity will be determined based on the 
weight loss during drying (overnight at 105 °C).  

2. Leaching procedure 
Leaching is to be performed according to the EA NEN 7375:2004 procedure (hereafter 
the “leaching procedure”). The cubes will be placed in a pre-cleaned (with 1M HNO3) 
plastic container upon a plastic base (to ensure maximum contact of the cube's surfaces 
with water). The amount of water used for each leaching run is 2 to 5 times the sample's 
volume (i.e., 2-5 L) and coverage should be at least 2 cm on each side. The water should 
not be mixed during the leaching run.  

Leaching will be conducted in eight stages (Table 2) each of which includes the 
following steps: 

A. Filling the container slowly to the desired volume with ion-free water (distilled 
water) from bottom to top (to allow release of trapped air). The water is replenished 
at the beginning of each leaching stage. 

B. Sealing the container and waiting until the end of the period of the given stage. 

C. Taking a sample of about 50 ml for chemical analyses and emptying the rest of the 
water to another container. Immediately after draining the water, the container is 
filled again (step A). 

D. Measuring acidity (pH ± 0.05) and conductivity (± 1%) at the beginning of the 
leaching procedure and at the end of each leaching stage. 

E. Centrifugation of sample before analysis. 

F. Keeping a sample aliquot for further analysis . 

The overall time required from casting until end of the leaching procedure is 154 days 
and the testing schedule is summarized in Table 3. This Table also includes the number 
of cubes leached simultaneously at each stage. An additional container will undergo all 
stages of the leaching procedure with no cube inside it, to serve as the blank for each 
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stage of the leaching test. This blank will be run together with the 28 days curing period 
(Table 3). 

3. Chemical analysis 
The  contents of the trace elements Ag, As, B, Ba, Be, Cd, Co, Cr, Cu, Hg, Mn, Mo, Ni, 
Pb, Sb, Se, Th, U, V, Zn will be measured in the leachate of each stage. Concentrations 
will be measured by Inductively Coupled Plasma Mass Spectrometry (ICPMS) except 
for mercury concentration that will be measured by Atomic Fluorescence (AF). The 
trace metals will be analysed at each stage of leaching and cumulative concentrations 
for each cube will be calculated as follows. 

a. Determination of the elemental concentration in each elution stage (μg/L). 

b. Calculation of each elemental concentration per unit area (μg/m2) at each elution 
stage. 

c. The cumulative leaching of each element per unit area equals the sum of the 
concentration determined at all stages as calculated in b.  

d. The derived cumulative leaching of each element per unit area is the cumulative 
leaching for any period of the procedure (which lasts from the start of the test to the 
desired termination time.  

  

Researchers  

UThe Geological Survey of Israel U (GSI) – is a government institute operating under the 
Earth Science Research Administration within the Ministry of National Infrastructures, 
and is involved in earth science research and development in the broadest senses, 
adapting itself to the changing needs of a small and dynamic country. The objectives of 
the GSI are: to document, study and conduct research in all aspects of the country's 
geology, to act as an advisory body to all government branches and major public and 
private enterprises, to maintain a national and regional earth sciences data base, and to 
maintain an analytical infrastructure. 

UDr. Nadia Teutsch U – an expert in geochemistry. Head of Coal Ash Team in GSI. 
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Table 1: Mixtures of CLSM and Grout to be prepared for the leaching tests (kg) 

CLSM 
# cement fly ash sand1 water total  Admixture2 

1 120 400 1250 250 2020 1.0 kg/m3  

2 150 0 1500 300 1950 1.0 kg/m3 
 

Grout 
# cement fly ash Sand1 water total Admixture2 

1 400 800 200 400 1800 0 

2 800 0 650 300 1750 0 
1fine sand 0-4 mm 
2air entrained agent 

Table 2: Schedule of the eight stages of the leaching procedure 
 

 

 

 

 

 

 

 

 

 
Table 3: Number of cubes of any cement mix to be tested at each period of leaching with 
and without fly ash for the three curing periods (7, 28 and 90 days); time 0 is the time of 
casting the cubes.  

Blank1 total # of cubes 90 d 
curing 

28 d 
curing 7 d curing Period (days) 

 0    0-7 

 4   4 7-28 

1 8  4 4 28-71 

1 4  4  71-90 

1 8 4 4  90-92 

 4 4   92-154 
1
Blank is an empty container with no cube (see text). 

leaching period (days) stage # 

0.25 ± 10% 1 

1 ± 10% 2 

2.25 ± 10% 3 

4 ± 10% 4 

9 ± 10% 5 

16 ± 1 6 

36 ± 1 7 

64 ± 1 8 
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