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Question 1: Please describe the CCSEM technique for mineral characterization

SEM  – Scanning Electron Microscopy
EDS – Energy Dispersive X-ray Spectrometry

B. Kutchko, A. Kim., Fly ash characterization by SEM-EDS. Fuel. 85 (17-18), 2537 – 2544.

How time intensive is it to image a particle and then 
perform EDS?

Does the information from one particle provide 
statistically accurate information for the bulk ash or 
deposit?



Question 1: Please describe the CCSEM technique for mineral characterization

CCSEM – Computer Controlled Scanning Electron Microscopy

From Microbeam Technologies, Inc. Website (Steve Benson)

MTI uses computer-controlled scanning electron microscopy (CCSEM) to 
determine the size, composition, abundance, and a ssocia tion of 
minera l gra ins in prepa red coa l, biomass, and petroleum-coke samples. 
With this informa tion, we can a ssess the behavior of the minera l gra ins 
during combustion or ga sifica tion. CCSEM ana lysis can a lso help us 
predict impacts of fuel properties on wea r of system components, slag 
flow, fouling of hea t exchangers, fine-pa rticle collection, and a sh 
handling.

From the Red Book, Page 305 - 306

In a  typica l CCSEM ana lysis, the electron beam is programmed to scan 
over the field of view and loca te the bright inclusions tha t correspond to 
minera l species.  On finding a  bright inclusion, the beam performs eight 
diameter measurements of the inclusion, finds the center of the 
inclusion, and collects and energy-dispersive spectrum (EDS) a t tha t 
point for two seconds.  Software cla ssifies the minera l gra ins based on 
published compositions of known minera ls.



Question 1: Please describe the CCSEM technique for mineral characterization

• This information suggests that CCSEM can be a powerful tool to evaluate the nature of mineral 
matter in coal

• How might it be used to also classify ash and deposits?

• How might this information be useful in determining mechanisms of ash deposition?



Question 2: Please explain the ternary diagrams in Figure 4.2

There is more information here, but is there something that is still missing?

Typical method:
ICP/AAS – Inductively Coupled Plasma / Atomic Adsorption Spectrometry
ICP/MS – Inductively Coupled Plasma / Mass Spectrometry

Sample is homogenized, vaporized then analyzed.
What other problems are there with this?



Question 3: What is the chemical fractionation technique for analyzing mineral matter, and why is it useful to 
industry?  Please explain Table 4.1.

1. Analyze original sample
2. Perform water extraction and analyze lechate

1. Remove water soluble components 
2. Na in sodium sulfate, minerals associated 

with ground water
3. Perform acetate extraction and analyze lechate

1. 1M ammonium acetate extraction
2. Remove elements bound as salts or organic 

acids (ion exchangeable)
3. Na, Ca and Mg

4. Perform acid extraction and analyze lechate
1. 1M HCl extraction
2. Remove hydroxides, oxides, carbonates, 

sulfates and organically coordinated species
3. Fe, Ca

5. Analyze remaining solid
1. Elements associated with clays, quartz and 

pyrite
2. Silicates, oxides and sulfides

A. Petterson, L. Amand, B. Steenari., Chemical fractionation for the 
characterization of fly ashes from co-combustion of biofuels using different 
methods for alkali reduction. Fuel. 88, 1785 – 1772. 



Question 3: What is the chemical fractionation technique for analyzing mineral matter, and why is it useful to 
industry?  Please explain Table 4.1.

How might this information be useful?

What would be the difference in fate between the water 
and acetate leached minerals and the residue minerals in 
the coal combustion process?

Hint: Elements in the remaining category are typically 
bound in such a way that inhibits vaporization.



Question 4: Explain what is meant by excluded versus included mineral grains, and why this may be 
important.

What could be the impact on mineral 
transformations during combustion?

What could be the impact on coal preparation?

How does this relate to the discussion about 
chemical fractionation?



Question 5: Calcium is one of the species that may cause low temperature fouling when there is sulfur 
present (CaSO4 is formed).  Based on bulk Ca analysis only (see p. 173 of Lee Smith book), which coals have 
the highest low temperature fouling potential? In practice, only the low rank coal tend to exhibit the low 
temperature fouling.  Why is there a discrepancy here?

1. Beulah – Zap (Lignite) @ 21.8

2. Wyodak (Sub. Bit.) @ 19.4

3. Lower Wilcox (Lignite) @ 16.9

4. Dietz (Sub. Bit) @ 15.6

5. Pocahontas #3 (Low Vol Bit.) @ 14.6

6. Illinois #6 (High Vol. Bit.) @ 8.5

7. Upper Freeport (Med. Vol. Bit.) @ 4.4

8. Pittsburgh (High Vol. Bit.) @ 2.7



Question 6: Please explain the differences between the top and bottom figures in Figure 4.3

How does this correspond to your 
understanding from chemical fractionation?



Question 7: . The Delta power plant is going to sell all of their ash to UTA to serve as road filler for
I-15. The roads are to be 50 feet wide and have an effective depth of 1.5 feet. The ash
comprises 10% of the road fill. What length of road can be made using one year's
accumulation of ash from this power plant? Assume 1000 MWe, 34% efficiency, 10%
ash (dry basis), Utah bituminous coal. You may also assume that the specific gravity
of concrete is 2.5.
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