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Overview of Lab Characterization

• Part 1 – Particle Size, Chemical and 

Mineralogical Analysis

• Part 2 – Thermal Analysis

• Part 3 – Emissions and Mass Balance



NBRC Analytical Facilities



Overview of Basic Analysis Techniques
Technique What does this tell me about my material?

Particle Size Analysis
The particle size distribution is one of the most fundamental properties of a raw 

material and affects everything from forming to drying and firing.

Loss on Ignition
The loss on ignition gives the weight loss when the material is fired.  This is 

usually due to carbon burnout and dehydroxylation of the clay mineral

Carbon and Sulfur 

Content (Leco)

Measures the total carbon and sulfur content.  This tells us how the material will 

behave in the preheat section of the kiln.  Can also be used to identify pyrite, 

sulfates, organic carbon and carbon from carbonates.

Chemical Analysis (XRF)

The raw material chemistry tells us what elements are present, but not how 

they are put together.  Can be used to estimate color, firing temperature and 

clay content.

Mineralogy (XRD)

Mineralogy tells us how the elements in the material are assembled.  We can 

determine how much clay or quartz are present.  The results are usually 

qualitative.

Crystalline Silica

Content (XRD)

This is similar to the mineralogy, but we only measure the crystalline silica 

content.  The results are quantitative.

Soluble Salt Content
Measures the content of soluble salts in a sample that can lead to scumming or 

efflorescence.  Can be used to determine the barium carbonate requirement.



PARTICLE SIZE ANALYSIS



Why is Particle Size Important?

• Quality Control and 

Consistency

• Mixing and Batching

• Particle Packing – Density

• Rheology/Flow 

Characteristics

• Drying Behavior

• Firing Behavior



How do we use Particle Size Data?
• We commonly describe particle size distributions 

in terms of sand, silt and clay in the brick industry.

• Sand

– >74 microns 

– >20 microns used by some

– Measured by Sieves

– This size fraction helps to reduce shrinkage 

and increases permeability (opens the body)

• Silt

– <74 microns, >2* microns

– <20 microns, >2* microns used by some

– Bodies that are high in silt tend to be difficult 

to dry and have poor plasticity. 

• Clay

– <2* microns

– This size fraction is responsible for plasticity 

and green strength.

*The threshold for defining 

clay particles depends on the 

measurement technique



Key Considerations
• Sample selection

• Sample preparation

• Effects of particle shape

• What assumptions are 
inherent in the selected 
analysis technique?

• Sampling all particles –
especially difficult if 
there are a wide range 
of particle sizes
– Grab Samples

– Cone and Quarter

– Riffling

• Deagglomeration

– High Intensity Mixing

– Deflocculation

– Ultrasonic Treatment



Particle Size Measurement

Laser Scattering
1. Prepare a sample of the material as a slurry using 

deflocculant.

2. Mix, slake and mix the slurry to deagglomerate.

3. Use a 200 mesh sieve to separate the sand sized 
particles from the slit and clay.
a. Sand sized particles are dried

b. Sieve analysis of the Sand sized particles.

c. The Sand sized particles have to be removed to 
prevent multiple scattering errors.

4. Analysis of the silt and clay fraction
a. A well mixed sample of the silt and clay is introduced 

into the laser scattering particle size analyzer.  

b. The sample is sonicated to further deagglomerate.

c. The measurement time only takes a few seconds so 
multiple samples can be measured and averaged.

5. The sieve and laser scattering results are 
assembled to describe the whole particle size 
distribution.



LOSS ON IGNITION
CARBON AND SULFUR



Loss on Ignition
• Loss on Ignition (LOI) is used to 

estimate the quantity of light 
elements such as carbon, 
hydrogen and oxygen in a 
material.
– In other words, it gives us an idea 

how much chemically bound water 
(due to the clay), and carbon is 
present in the material.

• The LOI is used in the chemical 
analysis to account for the 
elements that the XRF can’t 
detect. 

• Large LOI’s can cause problems in 
the kiln.

• As a rule of thumb, 10% LOI is the 
maximum suggested value.

Material Loss on Ignition (%)

Alluvial Clay 7.14

Fireclay 8.58

Shale 4.93

Clay/Shale 7.29

Shale 6.91



Carbon and Sulfur Analysis
• Commonly referred to as “Leco” 

because of the company that 
originally made the equipment.

• We actually use an very advanced 
instrument from Horiba. 

• Measures the total carbon and 
sulfur content of a material using 
high temperature combustion and 
infrared gas analysis.

• Carbon and sulfur analysis can be 
used for mass balance 
measurements to estimate 
emissions.

• We can also use this instrument to 
differentiate between organic 
carbon and carbonates or pyrite and 
sulfates in a material.



Other Considerations about LOI, 

Carbon and Sulfur Content.
• Changes in LOI, or Carbon and 

Sulfur Content can alert you to 
changes in the material that 
will affect the kiln before 
problems occur.

• When needed, we can 
differentiate organic carbon 
from carbonates (like 
limestone) or sulfides (pyrite) 
from sulfate (gypsum).
– This can be useful for finding the 

source of lime pops, pyrite pops, 
scumming or efflorescence.



CHEMICAL ANALYSIS



What can we learn from the Chemistry

• We can estimate clay content.

– Al2O3 content and LOI

• We can estimate the firing temperature. 

– K2O and Na2O content are the primary 
fluxes

– MgO and Cao also can act as fluxes

• Fired color

– Fe2O3 and MnO content

• We can evaluate and compare raw materials as 
a function of source, depth, etc.

• Check stockpiles for consistency

• Can compare colorants and additives

• Evaluation of surface defects



Chemistry – X-Ray Fluorescence (XRF)

• Raw materials, dried and 
fired brick can be analyzed in 
powder form, as fused disks 
or brick surfaces can be 
analyzed to identify surface 
defects.

• Elements between Na and U 
can be analyzed with proper 
calibration.

• We also have the capability 
of analyzing liquid samples.



Analysis Considerations
• By convention, the major elements 

are reported as oxides in weight %.

• Trace elements are reported as 
ppm or parts per million. 

• Results can be reported on an 
“oxidized” or “as received basis” 
depending on application.

• For “as received” basis, the LOI is 
included to represent the lower 
atomic weight elements that the 
XRF cannot detect like C or H.  

• Oxidized weight basis is generally 
used for fired samples where the 
carbon and chemical water has 
been removed.

Oxidized Basis

Oxide Units

Al2O3 % 11.31

SiO2 % 85.21

Na2O % <0.04

K2O % 1.18

CaO % 0.17

MgO % 0.21

TiO2 % 0.78

Fe2O3 % 1.16

MnO % <0.03

Cr2O3 % <0.02

P2O5 % <0.06



Sample preparation techniques
• Sample preparation depends 

on the sample and how the 
data will be used.

• For most raw materials, we can 
prepare samples as:
– Powders

– Pressed Disk

– Fused “Beads” Disks 
(Quantitative Results)

• Surfaces
– Uniquant (Semi-Quantitative, 

Fundamental Parameters 
Method)

– Typically a comparative analysis



What XRF Tells You and What It 

Doesn’t Tell You

Tells
• Total Silica

• Flux (Na + K) and potential 

to shrink during firing.

• Total S (but Leco used more 

often).

• Potential to self color or 

flash.

Doesn’t Tell
• Free Silica (Quartz)

• Very low levels of light 

elements such as sodium

• Soluble fractions of 

efflorescing salts.

• Carbon.

• Loss on ignition.

• Mineral type.



X-RAY DIFFRACTION –
MINERALOGY AND CRYSTALLINE SILICA



Mineralogy of the Raw Material

• X-Ray Diffraction (XRD) is used to determine 

the crystalline structures in a material.

– In other words, it is used to determine 

how the elements are assembled in a 

material.

• For crystalline materials, the atoms are 

arranged in a regular pattern.  

– We can use the diffraction patterns to 

identify the minerals (phases) much like a 

fingerprint is used for identification.

• Amorphous or glassy materials do not have a 

regular arrangement of atoms like a 

crystalline material and cannot be directly 

identified by XRD.



Phase Identification
• Each mineral has a unique 

diffraction pattern that is 
determined by its crystalline 
structure.

• Databases such as the ICDD 
powder diffraction database 
are used to identify 
minerals.

• This is usually done with an 
automated search/match 
routine.  
– Unfortunately S/M is not 

foolproof and  is required for a 
good fit.

– It is possible to miss trace phases, 
if the peaks are not well defined. 



Whole Pattern Fitting Estimate of 

Phase Content

• Estimate of each phase 
(mineral).

• List of identified phases 

• Estimated amount of 
each identified phase

• Estimate of 
amorphous/glassy 
material (using a 
reference known 
addition).



What XRD Tells You and What it 

Doesn’t Tell You

Tells

• Identity of minerals present.

• Minerals present in each 

particle size fraction.

• Free quartz

• Estimate of Phase Content

• Estimate of Amorphous 

Content

Doesn’t Tell

• The presence of any mineral 

of a concentration < 1-3% 

by weight.

• Anything about carbon 

within the material.



The Many Forms of Silica 



Crystalline Silica
• When we need to know the 

amount of crystalline silica 
(quartz or cristobalite) in a 
sample, we use an external 
standard technique with the 
XRD.

• The external standard 
technique is quantitative for 
quartz.

• Cristobalite is usually only 
found in ceramics that have 
been fired to very high 
temperatures like 
refractories. 



External Standard - Crystalline Silica 

Calibration
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Chemistry and Mineralogy - Shale

Shale

Al2O3 % 17.04

SiO2 % 71.57

Na2O % <0.5

K2O % 2.04

MgO % 0.84

CaO % 0.19

TiO2 % 1.09

MnO % 0.09

Fe2O3 % 6.64

P2O5 % 0.05

LOI % 5.40
*Samples were oxidized at 950°C and fused.  Results are 

normalized and do not include the LOI.

0

1000

2000

3000

4000

5000

6000

7000

In
te

ns
ity

(C
ou

nt
s)

03-065-0466> Quartz - O2Si

04-011-6849> Muscov ite-2M1 - KAl2Si4O10(OH)2

04-013-2815> Kaolinite - Al2Si2O5(OH)4

00-009-0466> Albite - NaAlSi3O8

00-041-1486> Anorthite - CaAl2Si2O8

00-019-0932> Microcline - KAlSi3O8

10 20 30 40 50 60
Tw o-Theta (deg)



SOLUBLE SALT ANALYSIS



Soluble Salts (Ion Chromatography)
• Soluble salt measurements 

can also be used for raw 
material selection to 
minimize the potential for 
scumming or efflorescence.

• The soluble sulfate content 
can be used to calculate the 
necessary Barium 
Carbonate addition rate.

• Soluble salt measurements 
are used in the resolution of 
efflorescence complaints.  



Soluble Salt Measurements



Which tests are needed?

• If you are unsure what testing you need, don’t hesitate 
to contact us to discuss.
– John Sanders (jpsand@clemson.edu, 864-656-0604)

– Mike Walker (mdw8@clemson.edu, 864-656-7358)

– Gary Parker (parkerg@clemson.edu, 864-656-1473)

• We can discuss the issues with you and decide what 
you actually need.

• Every raw material is unique which means that our 
testing recommendations will be specific to the raw 
material.

• If you are trying to identify a problem, it always helps 
to have a reference sample for us to compare to.  This 
helps us identify what has changed.

mailto:jpsand@clemson.edu
mailto:mdw8@clemson.edu
mailto:parkerg@clemson.edu


Other Considerations

• For most tests, we only need a few pounds of 
material to do all of these tests.  

• It is critical that the sample is representative of 
the material you want to test.  
– This is especially critical for particle size analysis

– Sampling is very difficult and may require multiple 
samples to get a good representation.

• Trend analysis – when we test materials regularly, 
we can compare results over time and let you 
know when we notice significant changes.



Questions or Comments?


