
CHAPTER 6 

 

CONCLUSIONS 
 

In the present work, several novel dewatering aids developed at Virginia Tech were 

tested on the fine coal and mineral particles. These reagents included low-HLB pure surfactants, 

naturally occurring lipids, and modified lipids dissolved in light oils or short chain alcohol.  The 

role of the reagents is to increase the hydrophobicity (or dewettability) of the coal and mineral 

particles.  In the presence of these reagents, the contact angles of the coal samples increased up 

to 90o where the surface of the particle cannot be wetted by water molecules.  It is suggested that 

the increase in contact angle could be responsible for the reduction of the capillary pressure in a 

filter cake and should help reduce the cake moisture.  The novel dewatering aids also decreased 

the surface tension of water and increased cake porosity (or capillary diameter), both of which 

could contribute to the lower cake moisture. 

 Buchner funnel and air pressure filter tests were conducted on a variety of clean coal and 

mineral samples. The test results showed that the use of the novel dewatering aids could 

substantially reduce the cake moistures by more than half of the total moisture values from the 

fine coal and mineral concentrates. These aids also increased the yield of the filter throughput 

since the very fine particles remained as large particles in the cake due to the hydrophobic 

coagulation. 

 Several pilot-scale filters were used to verify the results obtained from the Buchner 

funnel and air pressure filter, which gave nearly 50% moisture reductions. The results were 

consistent with those obtained from the laboratory-scale tests. Thus, this indicates that the 

dewatering chemicals can be used in the processing plants as effective dewatering aids.  

 A dual vacuum system was developed for a vacuum disc filter in order to control the cake 

thickness so that base tests and reagent tests can be compared each other.  Its use, in conjunction 

with the novel dewatering aids, made it possible to achieve low cake moistures by decreasing the 

cake thickness in the presence of the novel dewatering chemicals. 

Based on the dewatering results obtained from this investigation, the low HLB 

surfactants should work with any hydrophobic solid particles.  To better understand these 

phenomena, several dewatering tests were also conducted on the mineral samples (sphalerite, 

chalcopyrite, galena, talc, silica and clay), some of which are totally hydrophilic. Before the 
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filtration tests, the samples were floated using appropriate collectors. The dewatering tests 

showed that 40% to 60% moisture reductions could be achieved from these samples since the 

hydrophobicity of the particles were increased in the presence of the dewatering aids.  

As an example, a series of filtration tests were conducted on a fine sphalerite sample.  

The tests were carried out using a 2.5-inch diameter pressure filter at 100 kPa air pressure and a 

2 min drying cycle time. The reagent dosages and cake thickness were tested in these 

experiments. At a 3 lb/ton reagent addition, approximately 50% moisture reductions was 

obtained. Higher reagent additions did not significantly decrease the moisture reductions. It was 

also determined that the dewatered product could be directly used for metallurgical purposes 

without thermal drying.  

Consequently, it is seen that the low HLB reagents have several advantages on the fine 

particle dewatering. The test results have confirmed that the kinetics of mechanical dewatering 

was substantially increased in the presence of the reagents and increased the throughput of 

dewatering devices. This permits the dewatering machines to run at a high capacity. In addition, 

these reagents have characteristics of anti-forming agents, which is important for processing the 

particulate materials produced from flotation processes. The test results showed that most of the 

surfactant adsorbed on the surface of the particles, so the water removed from the dewatering 

process could be recycled without creating problems at the upstream processes.                              

 A novel centrifuge was developed in the present work and tested on several fine coal and 

mineral particles. This novel method increased the pressure drop across the filter cake formed on 

the surface of the medium.  With this new dewatering device, it is possible to reduce cake 

moistures by 50% or more depending on the dewatering and sample conditions. The virtue of the 

new method is that the compressed air displaces the fine capillary water that cannot be removed 

by centrifugal force alone.  

A West Virginia coal sample was subjected to the novel centrifugal dewatering tests 

using the novel dewatering chemicals. The moisture reduction in the presence of dewatering aid 

and centrifugal force was just over 20%. However, in the presence of 1 lb/ton TDDP reagent and 

200 kPa air pressure in the centrifuge, the moisture reduction was closer to 73%. Consequently, 

this product does not necessitate more energy in the thermal dryers, which is needed for the fine 

particle dewatering.     
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In addition, several fine coal and mineral samples were also subjected for the centrifugal 

dewatering tests.  A kaolin clay sample (mostly nanosize) from Georgia was subjected to the 

dewatering tests. The thickened sample was dewatered at 2000 G and 0.4-inch cake thickness. 

Without the air pressure, moisture was reduced to 47.9% after 210 seconds of spin time. In 

contrast, when a 600 kPa air pressure was applied to the fine sample with the same G-force, the 

cake moisture was reduced to approximately 25% levels.  

In the presence and absence of air pressure in the centrifuge basket, dewatering tests were 

also conducted on chalcopyrite, galena, sphalerite, silica, phosphate and PCC samples, and 

obtained similar dewatering results as can be seen in the related tables of the Chapter 3. This 

indicates that the novel centrifuge can be a solution method for the fine particle dewatering.  

 Based on the test results obtained in the present work, two proof-of-concept (POC) 

plants have been designed for the application of the coal industry. The first one was for the 

recovery of cyclone overflows that are currently being discarded, and the other was for the 

recovery of fines from impoundment.  The cost vs. benefit analyses made on the two POC plants 

showed that the internal rates of return were approximately 3 and 6 years, respectively.  

Several coal samples were subjected to surface characterization and dewatering kinetic 

tests. In the characterization work, the coal samples were prepared and used for the image, 

surface area and atomic composition analyses. Also, the coal samples were used to determine the 

contact angle, acid-base components and surface forces.    

Surfaces of the Pittsburgh and Elkview coal samples were imaged using a LORLM 

technique to determine the pyrite and markacite minerals presented in the structure of the 

samples. The test results showed that the Pittsburgh coal contained both pyrite and markacite 

minerals. The later mineral has a high affinity to oxidation in water and can make the particles 

more hydrophilic. This is not desired for the novel dewatering aid method.  

The BET surface area tests conducted on the fine Pittsburgh and West Virginia coal 

samples showed that the Pittsburgh coal sample had a higher surface area due to the size of the 

sample. It is assumed that the higher surface area needs a larger volume of surfactant to make the 

particles more hydrophobic. It was also proven in the dewatering tests.  

XPS tests carried out on the polished Pittsburgh and Elkview coal samples indicated that 

the coal surface consisted of organic and inorganic compounds. The organic compounds were 

made mostly of carbon components, such as C=O-C, C-O and C-C (or CH2). The C-O groups 
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can be ether and hydroxyl groups contributing the most of the total oxygen contents in coal 

structure. Also, carbonyls and carboxylates groups can contribute lesser effects on the oxygen 

content. The inorganic compounds are due to the clay, carbonate and sulfur minerals of the coal 

samples. Thus, the results suggest that the coal can have basic characteristic ( −
sγ ) because of the 

oxygen atoms in its structure. 

The zeta potential measurements carried out on the West Virginia and Pittsburgh coal 

samples showed that the use of the metal ions lowered the moisture contents of the fine coal 

particles. This may be attributed to the fact that the aluminum ions or hydroxyl spices can adsorb 

onto the fine coal particles and decrease the zeta potential of the particles (ζ = 0 mV) at neutral 

pHs. Therefore, the fine particles could be coagulated in the suspension and behaved as large 

particles on the filter media.  

Acid-base interaction can be an important parameter for the dewatering aid adsorptions 

on the solid surface. Several test results obtained using contact angle measurements indicated 

that the coal samples had mostly basic characteristics, while many of the low HLB surfactants 

had acidic characteristics. The basicity of the coal samples was also identified using XPS spectra 

conducted on the same samples. The dewatering test results provided that when the acidic 

surfactants were used for coal dewatering, the removal in moisture reduction was higher than 

that of the basic reagents.  

To better understand the adsorption mechanisms of the dewatering aids, silica plates were 

coated by graphite using a LPD coating technique. The coated surfaces were then introduced to 

the LB tests to determine the surfactant adsorption on the hydrophobic surface. The LB tests 

showed that no monolayer formation was observed on the carbon surface, which may be 

attributed to the diesel molecules presented in the surfactant. Conversely, it was seen that the 

contact angles on the surface (or moisture reductions) were increased, which determined using a 

Sigma70 device.  

A series of AFM surface force measurements were conducted between the glass sphere 

and silica plate using electrolyte, Dodecylamine Hydrochloride (DAHCl) and dewatering aids. It 

is well known that the electrolytes cause coagulation effects on the colloidal particles, which is 

directly related to the surface forces of those particles. The surface forces measured at lower 

separation distance are due to the double layer repulsion forces at pH 9.75. In contrast, with the 

addition of CaCl2 the hydration force disappeared, depending on the electrolyte concentration. 
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This disappearance can be attributed to the fact that the calcium hydroxy species react with the 

negatively charged silica surface and make the surface neutralized.  

Surface force measurements between glass sphere and silica plate were also carried out 

using DAHCl and dewatering aids at pH 5.8 and 40-45 °C. The test results shown that the 

hydrophobic force was increased by the surfactant addition on the surface. This may be the 

evidence of hydrophobic improvements of the dewatering aids for the particles to be dewatered. 

In order to confirm the relationship between the hydrophobicity and dewatering, a series of 

dewatering tests were conducted on a 0.038 mm x 0 size silica powder at pH 5.8. In the absence 

of dewatering aid, the cake moisture was 23.5%, and in the presence of the reagent, the moisture 

content was reduced to below 8%.  As a result, the improved dewatering is most likely due to the 

hydrophobic enhancement of the particles. 

 The Pittsburgh, Elkview and West Virginia DMC samples were used for the dewatering 

kinetics tests with and without dewatering aids. The kinetic tests showed that the slopes of lines 

(time/volume vs. volume) and position of the lines varied, depending on the chemical dosages. 

The change in slopes could be due to the decrease in the cake resistance, while the change in line 

positions could be the hydrophobic coagulation of the fine particles. Besides, the kinetic tests 

also confirmed that dewatering aids decreased surface tension, cake resistance, breakthrough 

pressure and cake formation time by increasing contact angles.  
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CHAPTER 7  
 

FUTURE WORKS 

 

On the basis of the presented dewatering work, further researches could be recommended to 

better understand the processes in the following areas: 

 

1. Dewatering studies using low HLB surfactants were conducted on the fine coal and 

mineral particles. The amount of the surfactants was varied form 0 to 5 lb/ton without the 

carrier solvent that was mixed with the ratios of 1:2. As seen, whit the carrier solvent, the 

amount of chemical becomes three times more and causes high dewatering expenses for 

the companies. Therefore, a detailed study of emulsion (oil in water - O/W) effects would 

be helpful in decreasing the reagent consumption. From this information, reagent dosages 

could be reduced, and used more economically in the preparation plants.  

 

2. When the reagents are added to a slurry, the cake thickness of the drum filter is also 

increased 1.5 to 3 times. A thickness control system (e.g. a dual vacuum, a parallel wire 

in cake, etc.) should be also designed and used for the drum filter in order to control the 

cake thickness for better dewatering performance.  The use of the cake thickness control 

unit in conjunction with the novel dewatering aids could make it possible to achieve low 

cake moistures in the presence of the dewatering aids. Also, a correlation between the 

reagents, cake thickness and applied pressure could be made on the fine coal and mineral 

samples so that lower pressure and reagents could be used on the dewatering fines.  

 

3. It was observed that water quality of the processing plant, particle size, solid content, clay 

content, surface oxidation and other contamination were the major effects in lowering the 

total moisture of a cake. To reduce these effects in the plant conditions, a series of water 

hardness, surface oxidation, clay content and polymer contamination tests would be done 

by changing the dewatering variables. These tests would give the magnitude of these 

effects in the plant conditions where the dewatering operations are conducted.    
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4. In the novel centrifuge, cake breakage occurred under the high pressures for the 

dewatering of PCC. As observed, moisture reduction was stopped as soon as the cake was 

cracked. This might be attributed to the large volume of the water removal from the cake, 

which causes a shrinkage in the dewatering product. To understand the mechanisms of 

the cake breakage, a detail particle size, G-force, air pressure and moisture reduction 

effects could be investigated on the PCC and the other samples (e.g. clay).  

 

5. The industrial applications of the dewatering aids would be thoroughly investigated using 

several processing plants. These plant results would give more information about the 

chemicals use and their economics. For this reason, two different coal and mineral 

processing plants could be selected to determine weather the chemicals would be 

economically usable. Also, a more detailed study could be afforded on the novel 

centrifuge for further industrial applications. 

 

6. The LB tests showed that there was no monolayer formation on the carbon surface using 

the novel dewatering aids, which may be due to the diesel molecules presented in the 

reagent. On the other hand, the dewatering experiments showed that there was surface 

coverage by the surfactant molecules because the moisture reduction of the particles are 

more than 50%. As a result, the data presented in this study are inconclusive regarding 

whether what type of the surfactants interaction occurs in the interface, and this 

interaction can affect overall dewatering performance. Further investigations into the 

bonding mechanism of the surfactant on the solid surface are needed to be researched by 

using new techniques and approaches.  

 

7. Although the novel chemicals meet the dewatering requirements (contact angle and 

capillary radius increase and surface tension decrease), the dewatered product still has 

moisture in the cake. The reason may be that the capillary tubes of the cake are more 

complex than the capillary tubes used for the Laplace equation. In order to determine the 

capillary effects on the dewatering, a more detailed cake structure studies would be made 

on the dewatering of fine particles in the presence and absence of the dewatering aids.        
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LIST OF ACRONYMS AND ABBREVIATION 

 

AR As Received 

ASTM American Standard Testing Methods 

BTU British Thermal Unit 

CCMP Center for Coal and Minerals Processing 

COR Contracting Officer’s Representative 

DAHCl Dodecylammonium Hydrochloride 

DB Dry Basis 

DMC Dense Medium Coal 

DMS Dense Medium Separator 

DOE Department of Energy 

EGMO Ethylene Glycol Monooleate 

E. Oleat Ethyl Oleate 

HBF Horizontal Belt Filter 

HLB Hydrophilic-Lipophile Balance 

ISO International Standards Organization 

MIBC Methyl Isobutyl Carbinol 

OSP Office of Sponsored Programs 

PMHO Polymethyl Hydrosiloxane 

POC  Proof-of-Concept 

PRDA Program Research and Development Announcement 

SBO Soy Bean Oil 

SDS Sodium Dodecylsulfate 

SPAM 80 Sorbitan Monooleate 

TDDP Tridecyldihydrogen Phosphate 

VT   Virginia Tech 
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NOMENCLATURES 
 
A total area of the filter medium (m2), 

ε cake porosity, 

g gravitational acceleration (m/s2) 

N capillary number, 

S filter cake saturation, 

S∞ irreducible saturation, 

SR residual saturation 

t time (sec), 

α specific cake resistance (m/kg), 

∆P applied pressure (kPa), 

∆p capillary pressure (kPa), 

d  mean particle size in feed suspension (m),  

ρ liquid density (kg/m3), 

sρ  Solid density (kg/m3), 

γ Surface tension (mN/m), 

L cake thickness (m), 

    

 

 

 

 


