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1. Grant Objective: No change 

2. Technical Approach Changes: No changes. 

3. Progress Report by Task: 

Task 1. Charge Determinations 

This task has been completed with additional measurements taken at the TVA Widows 
Creek plant. The probe which was designed and constructed for the field charge measurements 
proved to be effective in determining the average charge of pulverized coal particles. The 
charge measurements conducted at ED'S Spurlock Station power plant and TVA's Widows 
Creek plant have both yielded results which are in the same order of magnitude as those 
determined in controlled laboratory experiments. The measured average coal particle charge did 
not appear to be significantly affected by pulverizer type (pressurized system at Spurlock, and a 
suction system at Widows Creek), or coal type (compliance at Spurlock and non-compliance at 
Widows Creek). Likewise, the ambient conditions, i.e. temperature and humidity, did not seem 
to have significant effect on the average coal charge exiting the pulverizers. This may be due to 
the fact that the temperature in the burner pipe connecting the pulverizer and burner is controlled 
within a narrow range throughout the year. At various burner pipe locations, Le., immediate after 
the pulverizer exit or nearer the burner inlet, the measured average particle charge was different. 
However, the particle charge was found to be relatively constant at different radial sampling 
positions in the same burner pipe sampling port, indicating a good uniformity in particle charge. 

In addition to the field charge evaluations, on-site separation tests were also performed. 
The separation test data confirmed the existence of particle charge by demonstrating reasonable 
separation of coal and minerals. While these separation tests were by no means optimized, they 
showed the potential for directly using pulverization induced charge to effect the separation of 
minerals from coal within burner pipes - i.e. between pulverizers and coal burners. 

Task 2. Pilot Scale Test Rig DeveloDment 
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As reported previously, a pilot-scale separator was built and extensively tested using 
model mixtures rather than coal. These mixtures were used to allow for rapid data processing and 
to provide insight into engineering optimization of the separator design. The overall test rig has 
been refined and tuned to suit the purpose of coal-mineral separation. Preliminary coal separation 
tests were performed using coal samples collected from the two power plants. 

Task 3. Coal SeDaration Determinations 

The separation tests performed on-site, combined with the charge measurements, showed 
that the charge generated by coal pulverization was sufficient for electrostatic separation of coal 
fiom mineral matter. These tests were conducted using a separation probe with'different electric 
field strengths, Le., different voltages were used across the two copper plates to generate the 
electric field. The results under four conditions were consistent and similar in terms of separation. 

Table 1 shows separation data for a 15 kV voltage test. The feed coal had about 12% ash 
content by proximate analysis. Samples were collected fiom each separator plate after extraction 
of coal on-line within the burner pipe. A filter bag collected particles which were uncharged - and 
did not report to either the positive or negative plate - and were labeled as "center" (refer to the 
previous reports regarding the configuration of the separation probe). About one-third of the 
mass reported to the positive plate with an ash content near 21%. About 53% of the total mass 
was collected on the negative plate with the ash content near 7%. The mass reporting to the 
center was near 15% and had a composition nearly the same as the feed coal. 

?.. 

The last column in Table 1 is a calculated value providing an estimate of a material balance 
for the test; these mass balance data are based on the composition and masses of the three 
samples collected fiom the positive and negative plates, and from the a t e r  bag. If all of the 
material was accounted for, the values of this "Closure" column would be equal to the proximate 
analysis of the feed coal. The agreement between the feed coal and closure values in Table 1 
indicate excellent collection efficiency fiom the separator. 

The coal samples collected fiom the Widows Creek plant were used for analytical scale 
separation tests. Since the coal collected in-line fiom the power plant had a si@cant amount of 
large particles, the coal was firther crushed to -170 mesh prior to conducting the laboratory 
experiments. For each experiment, separated fractions were collected from different positions 
along the length of each electrode, weighed and analyzed. These results are plotted in the form of 
recovery curves in Figure 1. The graph at the top shows the combustible recovery versus ash 
content. For example, at a 80% combustible recovery, the ash content of the sample was reduced 
to 9% fiom the 14% feed coal composition. From the bottom graph, at the same ash percentage, 
about 20% of the ash irj the feed was removed. The separation perforinance for this coal 
appeared to be inferior in comparison to other coals evaluated on the analytical separator. 
Possibly, the mineral distribution in this coal was much finer which would require additional 
grinding for better mineral liberation. 

Numerical modeling of the gas flow inside the separator is currently being conducted by 
researchers at Clarkson University in cooperation with researchers at the University of Kentucky. 



The FLUENT code is being used to simulate gas and particle flows in a mixing chamber above the 
electrostatic separator section. Particles are modeled to enter the mixing chamber via two 
opposing jets. A contracting section transition section connects the mixing chamber and 
separator. The computer model first evaluated the gas flow, then the dispersion of particles in the 
mixing and transition sections. The results suggest that the mixing chamber and the contraction 
section would lead to a roughly uniform concentration of particles entering the main separator. 

At Clarkson under the direction of Dr. G. Ahmadi, a three-dimensional grid for the inlet 
section is generated in the PREBFC software package based on the experimental parameters. The 
grid is used by the FLUENT code for a turbulent flow calculation using the k-B model. Particles 
are introduced at the inlet with a uniform distribution and their mean trajectories are calculated. 
Due to the presence of two symmetry axes, only one quarter of the separator is modeled. Two 
straight walls are established as planes of symmetry, and the other two curved boundaries are 
defined as walls. The computational grid generated in PREBFC is shown in Figures 2 and 3. 

Figure 4 shows the velocity vectors on the near central plane. A recirculation zone can be 
seen near the top of the chamber. Figures 5 and 6 display the velocity magnitude contours at 
different planes along the duct. The mean trajectories of twenty five discrete particles (5-10 pn) 
are plotted in Figure 7. It can be observed that a few particles follow rather complicated 
circulation patterns before reaching the exit. The distribution of particles at the exit is roughly 
uniform. 

' More detailed work has been discussed and planned by the research groups at Clarkson 
University and the University of Kentucky. The effect of particle size and the distribution of 
particles will be firther studied. The current model will be refined to reveal more information 
about gas flow and particle distribution. 

Task 4. Full-Scale Separator Design 

Conceptual flow sheet diagrams and preliminary sketches of a 20 to& demonstration 
separation system are under preparation. The design of such a system would enable a preliminary 
economic evaluation of the separator system. 

Task 5. Economic Evaluation 

No work on this task has been completed. It is due to begin in late summer 1996. 

Task 6. ReportindPublications 

An abstract for a paper entitled "Characterizing Dry Triboelectrostatic Beneficiation 
of Coal and Fly Ash Using Recovery Analysis" has been submitted for presentation at the 
Thirteenth Annual International Pittsburgh Coal Conference, Pittsburgh, PA, September 3-7, 
1996. 



An abstract for a paper entitled "Pulverizer Induced Charge: Comparison of Separate Utility 
Pulverizer Configurations" has been submitted for presentation at the Thirteenth Annual 
International Pittsburgh Coal Conference, Pittsburgh, PA, September 3-7, 1996. 
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Table I : The on-site separation results for TVA Widows Creek plant ( I  5 kV). 

weight (9) 
weight % 

21.63 34.07 8.40 
100.00 33.74 53.1 5 13.1 0 

moisture 
v. matter 

I .41 I .25 I .42 I .37 
35.49 31.31 36.59 34.92 

carbon I 50.90 I 46.47 I 54.24 I 49.50 I 

I Closure I 

I 13.06 I 

51 .OO 
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