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Nine drill core samples of shale from the Upper Ordovician Queenston Formation were submitted to the 
National Brick Research Center (NBRC) in Anderson, South Carolina, for standard firing and properties 
testing.  This testing was done as part of an on-going study by the Ontario Geological Survey (OGS) into 
the shale resources in southern Ontario. The 9 samples came from the 5 cores drilled in 2000 as part of 
that project. These drill cores were described and sampled (continuous longitudinal split of whole core) 
for geochemical analysis (major elements, carbon and sulphur), and these data were published in 
Armstrong (2001a) and are available in digital format in MRD-77 (Armstrong 2001b). 

The geochemical data were used to constrain sample intervals for firing and properties testing.  
Samples for this testing consist of composites of geochemical samples and represent continuous core 
intervals ranging from 7.09 m to 16.13 m in length. The original geochemical sample intervals, 
constrained in part by lithologic characteristics, ranged from 0.36 m to 3.85 m in length. Relationships of 
samples for this study to the original geochemical samples is presented in Table 1. 

The 9 samples for this study were divided into 2 groups:  5 samples constituting Group 1 (A1B, B1B, 
B4A, A6B and C2B) and 4 making up Group 2 (A1A, A6A, B1A and C2A).  Group 2 samples represent 
the uppermost intervals of 4 geographically separate drill holes (Armstrong 2001a) and were subjected 
to a large suite of tests. Group 1 samples are from deeper stratigraphic intervals and were submitted for 
fewer tests.  All samples in both groups were tested for thermal expansion (TDA), simultaneous 
differential thermal analysis and thermal gravimetric analysis (DTA/TGA), maturing range by gradient 
firing (to determine optimum firing temperatures for other tests), and loss on ignition (LOI) at 1000oC.  In 
addition, Group 2 samples were tested for dried and fired shrinkage, modulus of rupture (MOR), cold 
and boiled absorption, efflorescence, density and porosity. Table 2 summarizes which tests were 
conducted on each of the samples.  A summary of the test results for Group 2 samples is presented in 
Table 3. 

Rejects of the original geochemical samples were blended together at NBRC to constitute the 9 samples 
for this testing and then ground to - 8 mesh (i.e., less than 2.38 mm).  Lab bars measuring 1" x 1" x 6" 
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were extruded at very high penetrometer hardness using 20 to 24 % moisture content from all samples 
in Group 2 and 1 sample in Group 1.  All materials were very hard to extrude and several overloaded the 
extruder motor.  Even the addition of oil to the shale mix and a coating of oil inside the extruder barrel 
and die did not solve the problem. These shales seem to have an excess of fine particles and lack of 
extrudability on a lab scale, even at high moisture contents.  Specimens were pressed into "pucks" from 
those samples of Group 1 that would not extrude, so that the required tests could be completed. 

All lab bars were weighed and marked for shrinkage. Five bars from each of the Group 2 samples were 
tested for green strength (MOR) using a Hogue hydraulic tester. The rest of the Group 2 bars were dried 
in a lab drier at 110oC for 24 hours. These dry bars were measured for shrinkage and five more bars 
from each sample were tested for dried strength (MOR) in the Hogue tester.  Five more bars from each 
sample were fired (see specifications below) and then tested for fired strength (MOR) in the Hogue 
tester. Shrinkage measurements for the Group 2 samples are reported in Tables 4 to 7. Strength test 
results are presented in Tables 8 to 11. 

A specimen was cut from one dried bar from each sample (of both Groups 1 and 2) and tested for 
thermal expansion (in air) in an Orton dilatometer. The curves showing the heating cycle up to 1100oC 
and the subsequent cooling cycle are included here as Figures 1 to 9.  All the materials tested exhibit a 
high-temperature expansion associated with high lime content. 

Another specimen from the dried bar above (both Group 1 and 2 samples) was analyzed using 
simultaneous DTA/TGA techniques in a Netzsh STA 449C unit. The evolved gases were analyzed in a 
FTIR (Fourier-transformed infrared) unit. These specimens, each approximately 50 mg, were heated at 
10oC/minute to 1000oC in an atmosphere of 80% nitrogen and 20% oxygen.  The resulting DTA/TGA 
data is shown in Figures 10 to 18 as TG or thermogravimetric (solid green line) and DTG or derivative 
thermogravimetric (dashed green line) curves for weight loss, and evolved gas analysis for H2O and 
CO2 (blue and red lines, respectively). The DTG curve illustrates where changes are occurring and their 
magnitude. The DTA curve (which shows endothermic and exothermic reactions) has been combined 
with the FTIR data to produce the CO2 and H2O curves. Of major interest are the large weight losses 
(confirmed by the LOI's) and the broad high-temperature CO2 peaks characteristic of carbonate 
breakdown. 

As mentioned above, when extrusion of special 1" x 1" x 14" bars for the gradient test were not possible, 
pressed "pucks" were used.  These samples (bars and pucks) were fired in an electric gradient furnace 
with a temperature range of approximately 1900-2100oF.  The temperature limits were selected from 
previous test data on materials from the same area. These samples were evaluated for colour and firing 
range. A maximum firing temperature of 1950oF was selected for the other test bars. Above this 
temperature the colour began to darken and, in most cases, turn to a greenish brown. 

All remaining samples (Group 2) were fired in a gas kiln using a gradual heating curve and a 2-hour 
"soak" at maximum temperature (1950oF).  The fired specimens were measured for shrinkage and 
tested for 24-hour cold adsorption (CWA), 5-hour boiled absorption (BWA), C/B (calculated by dividing 
CWA by BWA) and efflorescence according to the procedures in ASTM C67, "Standard  Methods of 
Sampling and Testing Brick and Structural Clay Tile".  They were also measured for density and porosity 
according to the procedures in ASTM C20, "Standard Test Methods for Apparent Porosity, Water 
Absorption, Apparent Specific Gravity and Bulk Density of Burned Refractory Brick and Shapes by 
Boiling Water".  Results of basic properties tests are presented in Tables 12 to 15.  Efflorescence, firing 
colour and LOI results are presented in Tables 16, 17 and 18, respectively. 
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