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ABSTRACT 

The objective of this study is to reinvestigate the release analysis procedure, which is 
traditionally conducted using a laboratory Denver cell, and to develop a modified process 
that can be used for all froth flotation technologies. Recent studies have found that the 
separation performance achieved by multiple stage cleaning and, in some cases, single 
stage cleaning using column flotation is superior to the performance achieved by the 
traditional release procedure. These findings are a result of the advanced flotation 
mechanisms provided by column flotation, which will be incorporated into a modified 
release analysis procedure developed in this study. 

During this reporting period, to better understand the advanced flotation mechanisms 
provided by column flotation, a fundamental model of an open column has been 
developed which incorporates the effects of system hydrodynamics, fioth drop-back, 
selective and non-selective detachment, operating parameters, feed solids content, and 
feed component flotation kinetics. Simulation results obtained during this reporting 
period indicate that the ultimate separation that can be achieved by a column flotation 
process can only be obtained in a single cleaning stage if the detachment mechanism in 
the fioth phase is highly selective, which does not appear to occur in practice based on 
experimental results. Two to three cleaning stages were found to be required to obtain 
the ultimate performance if non-selective detachment or kinetic limiting conditions are 
assumed. This simulated finding agrees well with the experimental results obtained fiom 
the multiple stage cleaning of an Illinois No. 5 seam coal using the Packed-Column. 
Simulated results also indicate that the separation performance achieved by column 
flotation improves with increasing feed solids content after carrying-capacity limiting 
conditions are realized. These findings will be utilized in the next reporting period to 
modify the traditional release analysis procedure. 
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EXECUTIVE SUMMARY 

The goals of this project are to evaluate the current status of the release analysis 
procedure with respect to the advanced fioth flotation technologies presently being 
introduced and to modify the traditional release analysis procedure so that a true 
theoretical optimum recovery-grade curve for any fioth flotation process can be obtained 
from the analysis. 

The traditional release analysis procedure is recognized internationally as an analysis 
which provides the ultimate recovery-grade relationship that can be achieved by any 
flotation process for the treatment of a given coal. An analogous to release analysis is the 
washability analysis for gravity-based separations. Dell introduced the concepts of 
release analyses in 1953 and refined the procedure in 1964 and 1972. To date, release 
analysis, which is conducted using a Denver flotation device, has been successfully used 
as a tool by preparation plant operators and researchers for evaluating the efficiency of 
new flotation technologies and for optimizing current flotation systems. However, Dell 
et al. (1 972) recognized the fact that potentially better performances could be achieved by 
other flotation devices. “The (release) approach towards this absolute measurement is, 
however, a function of cell design, and it is yet impossible to say whether results even 
better than those with the Denver unit are possible.” 

In agreement with Dell’s statement, the introduction of advanced flotation technologies 
has resulted in separation performances superior to that predicted by the traditional 
release analysis procedure. It is believed that the superior performance is due to an 
improvement in the hydrodynamic conditions in the flotation cell and to the utilization of 
selectivity mechanisms in the fioth zone. Due to the inherent constraints associated with 
the Denver cell which prevent the use of deep fioth depths, the phenomena, such as 
reflux, selective detachment and froth washing of entrained materials, are not easily 
achieved in the traditional release analysis process. It is believed that these deficiencies 
have resulted in several steady-state column flotation results being superior to the 
corresponding release data. 

A theoretical simulation of the release analysis procedure conducted by the principal 
investigators supports the above statements that release analysis should be conducted with 
a flotation device providing a plug-flow hydrodynamic environment and a deep fioth 
depth. Plug-flow conditions were found to provide a higher recovery of particles to the 
froth zone when compared to perfectly-mixed conditions, which is characteristic of the 
Denver conventional cell used in the release analysis procedure. It was also found that 
the selectivity between particles of varying hydrophobicity is best achieved in the froth 
phase where the selective detachment mechanism can be utilized. Deep froth depths 
provide more reflux and a separation performance approaching the optimum separation 
performance. Unfortunately, conventional cells do not support deep froth depths and, 
therefore, have limited ability to provide sufficient reflux. Since release analysis is based 
on selectivity, a flotation column apparatus is the desired separation device to replace the 
Denver cell for obtaining the optimum separation performance. 
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The project objectives are: 1) to develop a new release analysis apparatus which will 
provide plug-flow conditions while allowing a significant froth reflux action; 2) to 
compare the optimum separation performance predicted by the modified release analysis 
procedure for the treatment of fine coal sample with that obtained by the traditional 
release and tree analyses, and washability analysis; 3) to compare the separation 
performances obtained for several coal samples using the proposed release procedure 
with the optimum recovery-grade curves obtained from the single-stage treatment 
provided by two advanced flotation systems, Le., Packed-Column and Microcel. 
Achieving these objectives will result in a modified release analysis procedure which 
utilizes the advanced flotation mechanisms common to the modern flotation technologies 
and strategies being used today by coal preparation plant operators and researchers. 
Thus, a true optimum theoretical separation performance for any fioth flotation process 
could be obtained for fine coal characterization. 

During this reporting period, a fimdamental model of an open flotation column was 
developed in order to better understand the effects of the advanced flotation mechanisms 
on separation performance prior to incorporating the mechanisms into a modified release 
analysis procedure. The model utilized Levenspiel’s axial dispersion model and a model 
describing Peclet number to calculate component recovery values. The effects of the 
operating parameters, such as feed rate, wash water rate, feed solids content and aeration 
rate, were incorporated into the model. The detachment and froth drop-back mechanisms 
occurring in the froth zone due to bubble coalescence was included in the model. Both 
selective and non-selective particle detachment was considered. The feed components 
used in the model were obtained from a washability analysis of a fine Illinois No. 5 seam 
coal sample. Flotation kinetic values were obtained for each density fraction from a 
previous publication. The simulation results were compared with those obtained from the 
multi-stage treatment of a -48 mesh Illinois No. 5 coal using a 4-inch diameter Packed- 
Column. 

According to experimental results obtained from the treatment of a feed coal slurry 
containing 8% solids by weight, multi-stage cleaning in a rougher-cleaner arrangement 
improves the separation performance provided by column flotation. The product ash 
content was reduced from the 9.0% value produced in the first stage to 5.5% after three 
cleaning stages while maintaining a combustible recovery of about 80%. Washability 
analysis of the product samples revealed that greater than 25% of the heavy fiaction in the 
feed coal sample reported to the flotation product of the first cleaning stage. Subsequent 
retreatment of the first stage product reduced this recovery to less than 10%. The 
magnitude of the separation performance improvement decreased with each additional 
cleaning stage, most likely due to the depletion of heavy middling particles in the float 
products. 

Based on simulation results from the flotation column model, the ultimate separation 
performance that can be achieved by column flotation is only obtainable in a single 
cleaning stage when carrying capacity limiting conditions are prevailing with a highly 
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efficient selective detachment mechanism. In fact, model simulations suggest that 
retreatment of the froth product obtained under these conditions will not improve the 
overall separation performance. On the other hand, if non-selective detachment is 
observed, the separation performance of a flotation column operation can be improved 
with multiple stage cleaning of the fioth product. However, carrying capacity limiting 
conditions with non-selective detachment will not provide the ultimate performance 
predicted using selective detachment, even with multiple cleaning stages. When the 
column is operated with a very low feed solids content (i.e., < 2% by weight), a purely 
kinetic limiting condition is realized which results in an inferior separation performance 
compared to that achieved by the carrying-capacity limiting conditions with non-selective 
detachment. Multiple stage cleaning under kinetic limiting conditions substantially 
improves the separation performance, however, the separation remains inferior to that 
achieved under carrying-capacity limiting conditions. 

A comparison between the experimental and simulated results indicate that the particle 
detachment occurring in the froth phase may be slightly to moderately selective. This is 
based on the fact that multiple stage cleaning of the Illinois No. 5 coal sample was found 
to improve the separation performance, whereas, simulation results indicate that no 
improvement can be expected when the detachment mechanism is highly selective. 

For coals containing a low amount of middling particles, simulation predictions indicate 
that retreatment beyond two cleaning stages resulted in very little improvement in 
separation performance. A coal having a high middlings content achieved the maximum 
performance possible with three cleaning stages. As discussed previously, the multi-.stage 
cleaning process effectively rejects middling particles, thereby, improving separation 
performance. 

Simulation results also suggest that the separation performance of a flotation column 
improves with increasing feed solids content when carrying-capacity conditions are 
realized. The solids content in the flotation feed should be maintained at levels which, 
will provide carrying capacity limitations to achieve the highest possible separation 
efficiency in a single cleaning stage. In other words, the recovery loss under kinetic 
limiting conditions should be minimized while the loss under carrying capacity limiting 
conditions maximized. The ability to obtain carrying-capacity conditions can also be 
enhanced by increasing the length and/or diameter of a column to a practical size in order 
to provide more particle retention time. In summary, the recovery of all hydrophobic 
components to the fioth phase should be maximized by providing sufficient retention 
time while the selective detachment mechanism in the froth phase is used to achieve the 
best possible separation performance between the hydrophobic components in the column 
feed. 

The findings pertaining to the effectiveness of the advanced flotation mechanisms will be 
used in the modification of the traditional release analysis procedure during the next 
reporting period. 
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OBJECTIVES 

The goals of this project are to evaluate the current status of the release analysis 
procedure with respect to the advanced fioth flotation technologies presently being 
introduced and to modifl the traditional release analysis procedure so that a true 
theoretical optimum recovery-grade curve for any fioth flotation process can be obtained 
fiom the analysis. In light of these goals, the project objectives are: 

1. To develop a new release analysis apparatus which will provide plug-flow . conditions while allowing a significant reflux action. The reflux action is critical 
for obtaining maximum separation performance. 

2. To compare the optimum separation performance predicted by the proposed 
release analysis procedure for the treatment of a fine coal sample (-100 mesh) 
with that obtained by the traditional release and tree analyses, and washability 
analysis. 

3. To compare the separation performances obtained for several coal samples using 
the proposed release procedure with the optimum recovery-grade curves obtained 
from the single-stage treatment provided by two advanced flotation systems, i.e., 
Packed-Column and Microcel. 

Achieving these objectives will result in a modified release analysis procedure which 
utilizes the advanced flotation mechanisms common to the modern flotation technologies 
and stategies being used today by coal preparation plant operators and researchers. Thus, 
a true optimum theoretical separation performance for any froth flotation process could be 
obtained for fine coal characterization. 

INTRODUCTION AND BACKGROUND 

The release analyses procedure has long been used to predict the theoretically best 
separation performance that can be achieved by a flotation process for the treatment of 
fine coal. The release analysis for flotation is analogeous to the washability analysis for 
gravity separation. The release procedure was originally introduced by Dell in 1953 as a 
new method for characterizing coal. The procedure, which utilizes laboratory 
conventional flotation cells, was revised by Dell in 1964 and by Dell et al. in 1972. The 
separation performance results obained by release analysis is commonly used by 
preparation plant operators and researchers to evaluate new technologies and to optimize 
current flotation processes. However, the introduction of column flotation technology 
has created some controversy with the release analysis process which can be attributed to 
better hydrodynamic conditions and the advanced flotation mechanisms utilized by 
flotation columns. 

The release analysis procedure .is a two phase process. In the first phase, hydrophobic 
particles are separated away from hydrophilic particles by repetitive flotation of the 



2 
concentrate to remove the entrained material. In the release analysis procedure proposed 
by Dell et al. (1 972), the tailings from each cleaning stage was collected to produce a data 
point on the release curve. However, Forrest et al. (1994) realized that the separation 
performances achieved in the first phase of the release procedure is inferior to that 
produced by flotation colwnns due to the ability of columns to eliminate entrainment. 
As a result, Forrest et al. modified the procedure by combining all of the tailings 
produced from both phases of the release analysis. This resulted in the elimination of 
entrained ash fiom release data. 

The key to the success of the first phase is to ensure complete flotation of the 
hydrophobic material while removing all of the entrained material. This must be 
accomplished while minimizing the amount of fiother and collector additions. Excessive 
chemical additions result in a reduction in the selectivity of the second phase, which was 
confumed in a study reported by Pratten et al. (1 989). In this study, the release procedure 
was compared to another procedure known as the tree analysis. This procedure is similar 
to release analysis in that it uses conventional flotation cells to treat and retreat tailings. 
The apparent advantage of the tree procedure is its insensitivity to collector dosages at the 
low product ash region. 

The second phase of the release procedure involves the separation of the hydrophobic 
particles comprising the first phase concentrate into fractions varying in their degrees of 
hydrophobicity. The ash content in coal particles typically increases with a decrease in 
surface hydrophobicity. Thus, a recovery-grade curve can be developed based on 
floatability. The first cleaning stage of Phase II in the release procedure is performed 
under starvation conditions (i.e., low aeration rate, low impeller speed and low chemical 
additions) to float the most hydrophobic particles. The conditions are then improved by 
increasing the amount of air which ideally floats the particles having the next highest 
degree of floatability. This process is continued until all of the coal has been floated and 
a total of 5 clean coal products and 1 tailings sample has been produced. A flowsheet of 
the release analysis process and the results obtained from a typical analysis are shown in 
Figure 1. 

This procedure has been found to be very successhl for comparisons with in-plant 
conventional cell plant. However, there are numerous reports of column flotation data 
out performing the release analysis, which is considered as being theoretically impossible. 
This phenomena may be due to the high mixing conditions of the conventional cell which 
is used to conduct the release analysis. This is compared to the near-plug flow conditions 
that are achieved in laboratory flotation columns. The Packed-Column, which is 
completely filled with corrugated plates spaced at 1/4-inch apart, is one column that 
consistently out performs the release analysis in the low ash content-low recovery region. 
Figure 2 shows a comparison of the results obtained by the principal investigators from 
the treatment of two different coals by the release analysis procedure and the Packed- 
Column. As shown, the Packed-Column produced cumulative product ash contents that 
were 1% to 2% lower than those achieved by release analysis in the low recovery region. 
Results showing a superior performance by the Packed -Column were also reported in a 
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Step-by-step analysis of results obtained from a traditional release analysis 
conducted on a -65 mesh Illinois No. 6 coal sample. 
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Figure 2. Flotation results showing the superior performance of the Packed-Column 
over that achieved by the traditional release analysis in the low recovery- 
low ash content region. Fine coal samples (-100 mesh) treated were fiom 
the (a) Paradise Preparation Plant and (b) Illinois No. 5 coal seam. 
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EXPERIMENTAL PROCEDURES 

Operating Parameters 
Aeration Rate (cdsec) 

Frother Concentration @pm) 
Wash Water Rate (cdsec) 

Froth Depth (cm) 
Bias Factor 

Sample 

Packed-Column 
6.0 
30 

0.42 
300 
0.5 

The sample used in this study was collected from a process stream containing nominally - 
16 mesh coal at Ken-McGee’s Galatia preparation plant, which treats coal Gom the 
Tllinois No. 5 seam. Upon arrival, the sample was screened using a 48 mesh screen so 
that the material could be effectively handled in the column flotation system. The sample 
contained 27.1% ash and 4.2% total sulfur. The sample was stored in slurry form until 
use. 

Packed-Column 

Column flotation tests conducted during this reporting period was performed using a 10- 
cm diameter, 5.0 meter tall Packed-Column. Prior to the start of the tests, the slurry was 
conditioned with 0.40 kg/tonne of kerosene for a period of 5 minutes at a solids content 
of about 8% by weight. Feed slurry was then introduced into the column at a depth of 
approximately 3 meters from the top of the column. Wash water was added to the cell 
from a distributor setting directly on the top of the internal packing material located near 
the top of the column. Air was injected into the column through an inlet located on the 
side of the column near the bottom of the column. Feed rate was varied over a range of 
values to obtain the data necessary to generate a recovery-grade curve. The operating 
parameter values used for the tests are provided in Table 1. 

Table 1. Operating parameter values used for the respective flotation columns. 

Model Development 

In order to better understand the improvement in separation performance achieved with a 
multi-stage column operation, a column simulator incorporating the froth drop-back 
mechanism has been developed. The basic equations used for the simulation are based on 
the first principles of bubble-particle hydrodynamics. 

For the simulation purpose, the column has been subdivided into two distinct zones, i.e., 
the pulp or collection zone and the Goth zone. The recovery value for each species fiom 
the collection zone to the froth zone is determined as a function of kz, utilizing 
Levenspiel’s equation as follows: 
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4Aexp(Pe / 2) 

(1 + A)2 exp((A / 2)Pe) - (1 - A)’ exp{(-A / 2)Pe) 
R = l -  

where, 
Pe + 4kz ,  

A = / - -  
where, R is the fractional recovery of a species, k the flotation rate constant, zp the 
particle retention time and Pe is the Peclet number. The flotation rate constant value for 
each species was obtained from a past study conducted by Olson and Aplan [ 19841. The 
Peclet number, a measure of the axial mixing condition is calculated using the equation 
suggested by Mankosa et al. [1993], i.e., 

where L is the length of the collection zone and D the diameter of the column, 6 the 
superficial tailings rate, Vg the superficial gas velocity and E the fractional gas hold-up in 
the collection zone. The superficial gas velocity has been kept constant at 2 cdsec  for 
the computer simulation. For simplicity, a constant gas hold-up value of 0.2 has been 
used for the simulation purpose although in practice, it varies to some extent with the 
change in interstitial liquid velocity. 

The liquid retention time in the cell is determined by dividing the effective cell volume 
by the volumetric feed rate flowing through the cell. Since the particle size used for the 
simulation exercise is relatively small at 75 pm, the terminal particle settling velocity has 
been assumed to be negligible relative to the liquid velocity in the cell and hence, particle 
residence time in the cell has been considered to be same as the liquid residence time in 
the cell, which is determined using the following equation, i.e., 

L(1- E )  

K 
T I  = [41 

where, q is the liquid retention time and L is the length of the collection zone. 

In a flotation column, bubble size in the fioth zone is almost an order of magnitude bigger 
than that in the collection zone and thus the availability of bubble surface area in the froth 
zone is significantly less than that of the collection zone. As a result, when a bubble 
loaded with hydrophobic particles enters the froth zone, there is a drop-back of particles 
from the froth zone to the collection zone and the column is said to be operating in 
carrying capacity limiting condition. Carrying capacity can be expressed as 

where, C, the carrying capacity, ps the solid density (=1.40 gdml),  Dp the D80 particle 
size (= 75 pm) , Db the bubble size in the froth zone (= 5 mm) and Qg is the volumetric 
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Weight 
(%> 
49.0 
9.20 
13.3 
8.50 
19.0 
1 .oo 

h 

Ash Content Flotation Kinetic 
(%> Rate (k, l/min) 
5 .OO 5.99 
5.00 3.70 
23.0 4.38 
60.0 0.59 
88.5 0 
63 .O 2.71 

gas rate. If the total amount of particles recovering to the froth zone is greater than the 
bubble carrying capacity in the froth zone, froth drop back occurs and the particles that 
are detached report back to the pulp where they are combined with the original feed 
material. These particles can then be re-attached to a bubble and report to the froth phase, 
thereby creating a reflux action. If the combined feed and dropped back material is 
greater than the bubble carrying capacity in the collection zone, the excess particles report 
to the tailings stream. 

It is widely believed that the drop-back from the froth zone in the carrying capacity 
limiting conditions is selective. However, the selectivity of this process has not been 
quantified to date. For this study, simulations have been carried out using both a non- 
selective and a highly selective drop-back mechanisms. For the non-selective case, the 
drop-back of each hydrophobic component from the froth phase is proportional to the 
relative amounts of each species in the froth concentrates. On the other hand, for the 
selective detachment model, the drop-back of each species occurs according to its 
probability of detachment (Pd, value. Based on its flotation rate constant value, and an 
efficient escart probable (Ep) value of 0.086 each species has been assigned a Pd value. A 
strongly hydrophobic species having a greater k value has a lower Pd value and hence a 
less chance of dropping back from the froth zone than a weakly hydrophobic species 
having a lower k value. 

For the simulation purpose, the coal mass has been considered to be a mixture of six 
different species on the basis of varying degrees of hydrophobicity as described in Table 
2. A flotation kinetic rate value of 0 has been assigned to the fiee minerals due to. their 
hydrophilic. The ash content values and the flotation rate constant values for the other 
five species have been obtained from a past study conducted by Olson and Aplan (1 984). 

Table 2. Characterisitcs of the feed coal used for the column flotation simulations. 
Ash contents and flotation kinetic rate values for each species were 
obtained from Olsen and Aplan [ 19841. 

Species 

Fine Coal (-65 mesh) 
Coarse Coal (+65 mesh) 

Lightly Locked 
Heavily Locked 
Free Minerals 

Coal Pyrite 

Specific Gravity 
Fraction 

-1.40 
-1.40 

1.40 x 1.70 
1.70 x 2.96 
2.70 x 3.00 

+2.96 

RESULTS AND DISCUSSION 

Figure 3 shows the separation performance results obtained from three stages of cleaning 
using the Packed-Column. It should be noted that the test conditions during these tests 
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were carefblly monitored to ensure that hydraulically entrainable material was completely 
rejected to the tailings stream. Thus, particles reporting to the product was solely a result 
of bubble-particle attachment. As shown in Figure 3, the overall separation performance 
significantly improved with an increase in the number of cleaning stages. At a 
combustible recovery value of approximately 80%, the product ash content obtained in 
the first stage was about 9.0%, which was further reduced to 5.5% after three stages of 
cleaning. Washability analysis of the product samples found that over 25% of the heavy 
middling particles were recovered in the first stage product. Subsequent treatment of the 
first stage product reduced the overall middlings recovery to about 10%. The decrease in 
separation performance improvement with an increase in the number of cleaning stage 
shown in Figure 3 may be explained by the depletion in the amount of middlings 
reporting to the concentrate. In other words, the multi-stage cleaning is improving the 
effectiveness of the flotation process in treating the middling particles. 

Figure 3. 

-A- Stage1 

-8- StageII 

-6- Stagem 

0 I I I 

0 3 6 9 

Product Ash (%) 
12 

Results showing the improved separation performance achieved from 
multiple cleaning stages using the Packed-Column for treating nominally 
-48 mesh Illinois No. 5 seam coal. 

Simulation results obtained by assuming a selective detachment mechanism in the fioth 
phase are shown in Figure 4. For a feed solids content of lo%, a second cleaning stage 
was found to provide little or no separation improvement as indicated by the data in Table 
3. This is due to the fact that, under this condition, carrying capacity limiting conditions 
exist along the entire recovery-grade curve. Thus, the high selectivity due to the large 
amount of reflux between the collection and fioth zones eliminates nearly all of the 
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middling particles in a single cleaning stage. On the other hand, model predictions for a 
2% solids content feed indicate that multiple cleaning stages will improve selectivity. 
This is most likely due to the fact that a significant portion of the recovery-product curve 
was obtained under kinetic limiting conditions. The amount of reflux occurring in the 
predicted test results forming the recovery-product ash curve was significantly less than 
that obtained for the 10% feed solids content. Therefore, multiple cleaning stages are 
required to reject the middling particles. However, improvement in the separation 
performance beyond the second cleaning stage is predicted to be insignificant as indicated 
by the feed compositions to each cleaning stage in Table 4. 

Combustible Recovery 

92.0 
71.0 
55.0 
40.0 

4 8 12 16 

Product Ash (%) 
Stage I Stage 11 
9.73 9.7 1 
7.19 7.18 
5.19 5.18 
5.04 5.04 

Product Ash (%) 

Figure 4. Simulated results showing a comparison of the separation performances 
achieved at two different feed solid contents using selective detachment 
in the froth phase. 

Table 3. Simulation results showing the insignificant improvement in separation 
performance achieved by a second cleaning stage using carrying capacity 
limiting conditions with selective detachment. Feed solids content = 10%. 
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Table 4. 
9 

Simulation results showing the change in stage-to-stage feed composition 
after cleaning using column flotation under mostly kinetic limiting 
conditions. Feed solids content = 2% by weight. 

Components Feed Composition (wght. %) 
Stage I Stage II Stage III 

Fine Coal 49.0 65.5 68.6 
Coarse Coal 9.20 11.6 11.3 

Lightly Locked 13.3 17.2 17.3 
Heavily Locked 8.50 4.53 1.72 
Free Minerals 19.0 0 0 
Coal Pyrites 1 .oo 1.17 1.08 

Figure 5 compares the separation performances predicted using selective and non- 
selective detachment. For both feed solids concentrations, the separation performance is 
significantly reduced when non-selective detachment is assumed. However, under both 
detachment conditions, the higher feed solids content achieves a superior separation 
performance, although lower product ash values are predicted at low recovery values for 
the 2% feed solids content. 

Figure 5. 

100 

n s - 80 

t I i  

' I  

- - _  10% solid (non-selective) 
- 10% solid (selective) 
-..-.._ 2% solid (selective) 

- . - . _  2% solid (non-selective) 

3n I I I I I I I 
L U  

4 6 8 10 12 14 16 18 

Product Ash ('YO) 

Simulation results comparing the differences in the separation 
perfonnances achieved using selective and non-selective detachment in the 
froth zone. 
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Model predictions indicate that significant improvements in separation efficiency can be 
achieved through multi-stage cleaning using column flotation if non-selective detachment 
is assumed as shown in Figure 6. However, the separation performance remains inferior 
to the single-stage cleaning results obtained by assuming a selective detachment 
mechanism. The predictions show that the separation performance from an infinite 
number of cleaning stages assuming non-selective detachment will be inferior to the 
single cleaning stage using a selective detachment mechanism. 

1001 

Figure 6. 

80 

60 

40 

Stage I (selective) 
Stage I (non-selective) 
Stage I1 (non-selective) 
Stage I11 (non- select ive) 

20 ' I 1 I 

4 6 8 10 
Product Ash (%) 

Model predictions comparing the improved separation performance 
achieved fiom multiple cleaning stages using non-selective detachment 
with that achieved from a single cleaning stage assuming a highly selective 
detachment mechanism; Feed solids content = 10% by weight. 

CONCLUSIONS AND RECOMMENDATIONS 

1. Experimental results show that multiple stage cleaning using column flotation 
improves the overall separation performance for -48 mesh coal feed streams 
containing less than 8% solids by weight. 

2. Simulation results indicate that the best possible separation performance achievable 
by column flotation can be obtained under carrying capacity limiting conditions in a 
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3. 

4. 

5 .  

6. 

single-cleaning stage if the detachment mechanism in the froth phase is highly 
selective. The predicted separation performance could not be improved with multiple 
cleaning stages. Therefore, an area for future research may be to improve the 
selectivity of the detachment mechanism. 

A comparison between the experimental and simulation findings indicate that the 
particle detachment occurring in a the froth phase of a flotation column may be 
slightly to moderately selective. This is based on the fact that multiple stage cleaning 
was found to improve the separation performance achieved from the treatment of the 
Illinois No. 5 coal sample, whereas, simulation results indicate that no improvement 
can be expected when the detachment mechanism is highly selective. 

According to model predictions, multiple-stage cleaning improves the overall 
separation performance provided by column flotation under carrying capacity limiting 
conditions with non-selective detachment and under kinetic limiting conditions. 

The separation performance achieved under carrying capacity limiting conditions is 
always superior to that obtained under kinetic limiting conditions. 

The separation performance provided by a flotation column improves with increasing 
feed solids content due to the improved selectivity provided by the detachment and 
reflux mechanisms in the froth phase. The solids concentration being fed to a 
flotation column should be maintained at a sufficient level to ensure carrying-capacity 
limiting conditions. 

DISCLAIMER STATEMENTS 
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Department of Commerce and Community Affairs through the Illinois Coal Development 
Board and the Illinois Clean Coal Institute. Neither Dr. R. Q. Honaker of Southern 
Illinois University at Carbondale nor any of its subcontractors nor the U. S .  Department 
of Energy, the Illinois Department of Commerce and Community Affairs, Illinois Coal 
Development Board, Illinois Clean Coal Institute, nor any person acting on behalf of 
either: 

(A) Makes any warranty of representation, express or implied, with respect to the 
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or that the use of any information, apparatus, method, or process disclosed in this 
report may not infringe privately-owned rights; or 

(B) Assumes any liabilities with respect to the use of, or for damages resulting from 
the use of, any information, apparatus, method or process disclosed in this report. 
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endorsement, recommendation, or favoring; nor do the views and opinions of authors 
expressed herein necessarily state or reflect those of the U. S. Department of Energy, the 
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CUMULATIVE COSTS BY QUARTER 

A Modified Release Analysis Procedure Using Advanced Froth Flotation Mechanisms 

35 7 

Feb 28 May 31 Aug 31 Sept 1 Nov 30 

Months and Quarters 

0 = Projected Expenditures - - - - - - - 

A = Actual Expenditures 

Total Illinois Clean Coal Instutute Award $39,280 
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SCHEDULE OF PROJECT MILESTONES 

L 
x 

X 

X 

X 

X 

X X X 

S O N D J  F M A M J  J A S  
Begin 
Sept. 1 
1995 

Hypothetical Milestones: 

A: Equipment ordered and received 
B: 
C. 
D. 
E. 
F. 
G. Reporting 

Sample Acquisition and Characterization (Task 1) 
Construction of Release Analysis Apparatus (Task 2) 
Procedure Development for Modified Release Analysis (Task 3) 
Comparison with Traditional Methods (Task 4) 
Comparison with Advanced Floatation Technologies (Task 5 )  

Comments: 
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