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METHOD OF REMOVING CARBON FROM 
FLY ASH 

TECHNICAL FIELD 

The present invention relates generally to an improved 
froth ?otation method for the recovery of a selected ultra 
?ne constituent, and, more speci?cally, to an improved froth 
?otation method for the removal and recovery of carbon 
from ?y ash. 

BACKGROUND OF THE INVENTION 

Large quantities of ?y ash are a by-product when coal is 
combusted to produce energy in power plants. In the United 
States alone, the annual production of ?y ash is on the order 
of tens of millions of tons. Signi?cantly, as coal-burning 
power plants are becoming increasingly relied upon to meet 
this country’s growing energy needs, ?y ash production is 
certain to further increase. 

Although ?y ash is useful and recyclable in its raw form 
for a limited number of purposes, including as a bed in road 
construction, ?y ash supply exceeds demand and currently 
most of the ?y ash produced is disposed of as waste. 
Consequently power plants frequently incur substantial 
land?ll fees for disposing of their unsellable, untreated ?y 
ash. It should, therefore, be appreciated that a need is 
identi?ed for developing useful markets for ?y ash. This will 
provide the dual bene?t of preserving land?ll space and 
reducing utility operating costs. 
Toward this end it should be appreciated that ?y ash that 

is low in residual carbon content is an excellent cement 
additive. Recent clean air regulations have, however, 
focused upon reducing the. nitrogen oxide (NOx) emissions 
of electric utility company power plants. As a result, many 
of these plants now use low NO,‘ burners. These burners 
have the unfortunate side e?ect of increasing the residual 
carbon content of the ?y ash above acceptable levels allow 
ing use of that ?y ash as a cement additive. Accordingly, the 
residual carbon must be removed from the ?y ash if the 
market for ?y ash as a cement additive is going to be able 
to continue to be tapped. 

It should also be appreciated that the residual carbon in 
the ?y ash is a high grade product that may be reburned by 
the coal‘?red utilities. Accordingly, if the residual carbon is 
recovered in an e?icient manner, it may be used for recom 
bustion and energy production. Consequently any effective 
process for separating residual carbon from ?y ash provides 
the multiple bene?ts of increasing energy production, pre 
paring the ?y ash for marketing as a cement additive, 
reducing or eliminating ?y ash disposal costs and preserving 
land?ll space. The present invention proposes utilizing froth 
?otation to recover the residual carbon from the ?y ash and 
achieve these important bene?ts of increased economic 
efficiency and improved resource utilization. 

Froth ?otation was ?rst discovered in 1906. It was devel 
oped for the non-ferrous minerals industry to recover 
extremely ?ne, free minerals from slime. This technique, 
developed nearly 90 years ago, remains basically the same 
today. The froth ?otation mechanism employs the principles 
of colloid chemistry, crystallography and physics. Separa 
tion of one mineral from another is achieved by the use of 
speci?c reagents and chemical conditions. The addition of 
chemical reagents makes one mineral surface hydrophobic 
through absorption, while leaving the other mineral surfaces 
hydrophilic. Beni?cation is accomplished by aerating the 
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2 
slurry or suspension, so that air bubbles become laden with 
hydrophobic particles and rise to the surface of the pulp or 
slurry, leaving behind the hydrophilic particles. Of course, it 
should be appreciated that froth ?otation is a complex 
Physico-chemico-mechanical process. The process and, par 
ticularly, bubble-particle attachment is in?uenced by many 
variables including pH, pulp or slurry density, particle size, 
bubble size and air ?ow. 

While others have tried to use froth ?otation in the past to 
separate and recover residual carbon from ?y ash, they have 
met with only limited success. This is primarily because 
prior art efforts have not determined the proper mixture of 
reagents to promote effective and efficient separation and 
recovery. 

Examples of prior art approaches include U.S. Pat. No. 
4,426,282 to Aunsholt which discloses a relatively complex, 
multi-step method of separating coal or carbon particles 
from ?y ash by ?otation at pH levels as low as pH 3-5. The 
Aunsholt method utilizes a collector, a frother and a dis 
persant. Preferably, the collector is a mineral oil fraction 
predominately containing C5_1o hydrocarbons. Preferably, 
the frother is a terpene oil or a cresylic acid and the 
dispersant is preferably a polyglycolether. 
The U.S. Pat. Nos. 5,047,145 and 5,227,047 to Hwang 

disclose additional methods of recovering carbon from ?y 
ash using fuel oil as a collector in combination with both 
magnetic separation and ?otation techniques. 

Notwithstanding these prior e?’orts, the removal and 
recovery of carbon from ?y ash using conventional froth 
?otation remains largely an inefficient process. This ine?i 
ciency arises in large part because of the excessive amounts 
of reagents required to render carbon particles hydrophobic. 
This is likely due to the ?ne size of the carbon particles as 
well as their very large surface area. Additionally, methods 
of ?otation in the prior art require a signi?cant amount of 
?otation time in order to achieve substantial ?otation of the 
carbon particles from the ?y ash. Further, carbon ?otation 
systems in the prior art have also proven inadequate in the 
recovery of signi?cant amounts of higher grade carbon. 
Thus, a need is identi?ed for a more e?icient and effective 
method of ?otation adapted to separate residual carbon from 
?y ash providing enhanced carbon recovery. 

SUMMARY OF THE INVENTION 

Accordingly, it is a primary object of the present invention 
to provide a froth ?otation method for removal and recovery 
of an ultra-?ne constituent, such as carbon, from another 
tailing material, such as ?y ash, that overcomes the above 
described limitations and disadvantages of the prior art. 

Another object of the present invention is to provide a 
froth ?otation method for removal and recovery of carbon 
from ?y ash exhibiting improved efficiency of separation 
and enhanced recovery of carbon. 

An additional object of the present invention is to provide 
a froth ?otation method for removal and recovery of carbon 
from ?y ash that yields signi?cant enhancement of both 
recovery, that is, the ratio of recovered carbon to total carbon 
in the original raw feed material and also grade, that is, the 
ratio of recovered carbon to total recovered material. 

Still another object of the present invention is to provide 
a froth ?otation method for removal and recovery of carbon 
from ?y ash that results in a ?y ash tailings product that is 
substantially lower in carbon content and is therefore suit 
able for use in a larger number of applications, (e. g. cement 
additive), thereby reducing the amount of unusable ?y ash 
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that must be impounded as a waste product. 
Yet another object of the present invention is to provide a 

froth ?otation method for removal and recovery of carbon 
from ?y ash that exhibits a signi?cantly faster ?otation rate 
for the carbon particles over the prior art methods. 

Yet still another object of the present invention is to 
provide a froth ?otation method for removal and recovery of 
carbon from ?y ash that does not require excessive amounts 
of ?otation reagent to render carbon particles hydrophobic. 

Still another object of the present invention is to provide 
a froth ?otation method for removal and recovery of carbon 
from ?y ash that advantageously reduces the amount of 
reagent required for e?icient ?otation by utilizing a ?otation 
reagent formulation comprising a mixture of petroleum 
sulfonate and fuel oil. 

Additional objects, advantages and other novel features of 
the invention will be set forth in part in the description that 
follows and in part will become apparent to those skilled in 
the art upon examination of the following or may be learned 
with the practice of the invention. The objects and advan 
tages of the invention may be realized and obtained by 
means of the instrumentalities and combinations particularly 
pointed out in the appended claims. 
To achieve the foregoing and other objects, and in accor 

dance with the purposes of the present invention as 
described herein, an improved froth ?otation method for 
removal and recovery of an ultra-?ne constituent (such as 
carbon) from a tailings material (such as ?y ash) is provided. 
The froth ?otation preferably is accomplished by means of 
a ?otation apparatus that includes a slurry conditioning tank 
and a ?otation cell. Examples of ?otation apparatus poten 
tially usable in the present invention include conventional 
agitation tank ?otation systems, column ?otation systems 
and virtually‘ any other type of ?otation system used for 
separation of solid materials that is known in the art. 

In accordance with the present invention there is provided 
a froth ?otation method for removal and recovery of carbon 
from ?y ash that includes the following steps. First, a slurry 
mixture is created by combining raw ?y ash with a slurrying 
liquid, preferably water. Next, a ?otation reagent is added to 
the slurry to render the residual carbon hydrophobic. An 
agitator may be utilized to increase the e?iciency of the 
resulting conditioning process. This is followed by aerating 
the slurry by any known means such as through agitation, air 
injection by bubbling air from a sparger through the slurry 
or a combination of these. The conditioned carbon particles 
become hydrophobic. When these conditioned carbon par 
ticles collide with air bubbles the particles become attached 
to the bubbles and rise in the tank. Eventually a froth forms 
on the surface of the slurry. This froth is removed from an 
upper portion of the ?otation apparatus by skimming off the 
froth layer. The carbon particles are subsequently recovered 
from the froth and may be reburned for energy production or 
recycled for a number of potential applications. Addition 
ally, tailings comprising a low carbon-content ?y ash prod 
uct are recovered from a lower portion of the ?otation 
apparatus and used for a variety of applications such as 
roadbed construction and cement additives. 

According to an important aspect of this invention, the 
?otation reagent comprises a formulation of fuel oil and 
petroleum sulfonate. The reagent formulation includes 
between 20:1 to 5:1 fuel oil to petroleum sulfonate by 
weight. The preferred ratio is substantially 10:1. Addition 
ally, the quantity of reagent mixture used is preferably 
1.0-5.0 pounds of reagent mixture per ton of raw ?y ash. 
Notably, the use of the ?otation reagent of the present 
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4 
invention signi?cantly reduces the amount of reagent nec 
essary to achieve adequate ?otation and, therefore, separa 
tion of carbon particles. Additionally, the petroleum sul 
fonate/fuel oil formulation produces signi?cantly faster 
?otation of the carbon particles. Thus, production e?iciency/ 
throughout is enhanced. Also, the reagent formulation of the 
present invention results in a signi?cantly higher grade of 
?oated carbon than in the prior art. This increases energy 
production upon reburning. Further, the use of the petroleum 
sulfonate/fuel oil reagent makes it more economically fea 
sible and practical to recover a more useful ?y ash product 
of low carbon-content. 

Still other objects of the present invention will become 
apparent to those skilled in this art from the following 
description wherein there is shown and described a preferred 
embodiment of this invention, simply by way of illustration 
of one of the modes best suited to carry out the invention. As 
it will be realized, the invention is capable of other di?’erent 
embodiments and its several details are capable of modi? 
cation in various, obvious aspects all without departing from 
the invention. Accordingly, the description will be regarded 
as illustrative in nature and not as restrictive. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawing incorporated in and forming 
a part of the speci?cation, illustrates several aspects of the 
present invention and together with the description serves to 
explain the principles of the invention. In the drawing: 

FIG. 1 is a schematical representation of a ?otation 
system of a type generally used in the method of the present 
invention; and 

FIG. 2 is a graphical representation demonstrating the 
cumulative carbon recovery over time provided with the 
present method as compared with a prior art method using 
fuel oil alone as the processing reagent. 

Reference will now be made in detail to the present 
preferred embodiment of the invention, an example of which 
is illustrated in the accompanying drawing. 

DETAILED DESCRIPTION OF THE 
INVENTION 

In accordance with the present invention, an improved 
froth ?otation method is provided for removal and recovery 
of a residual ultra-?ne constituent from a raw starting 
material. While the present method is particularly effective 
in separating carbon from raw ?y ash as described in greater 
detail below, it should be appreciated that it is also equally 
applicable for other uses and, accordingly, should not be 
considered as limited to this speci?c application. 
The froth ?otation method of the present invention is 

preferably carried out utilizing one of the several ?otation 
apparatus commonly used and known in this ?eld. Such 
?otation apparatus include long known and conventional 
agitation tank ?otation systems, column ?otation systems 
and virtually any other ?otation system known in the art and 
used for the separation of solid materials. According to the 
?rst step of the present invention, the raw ?y ash containing 
the residual carbon is mixed with a slurrying liquid to 
produce a slurry. A slurry or solid suspension is preferably 
formed from about 5% to about 35% by weight raw ?y ash 
and about 65% to about 95% by weight water. This slurry 
maybe either prepared in or introduced into a conditioning 
tank 12 of a ?otation apparatus 10 for further treatment. 

Next is the step of adding a ?otation reagent to the slurry 



5,456,363 
5 

to condition and thereby render the residual carbon in the 
raw ?y ash hydrophobic. More particularly, the reagent may 
be pumped by a pump 14 through a feed line 16 for mixing 
with the slurry. According to an important aspect of this 
invention, the ?otation reagent comprises a formulation of 
fuel oil and petroleum sulfonate. The ?otation reagent 
formulation may range from 20:1 to 5:1 fuel oil to petroleum 
sulfonate. Preferably the ?otation reagent formulation is 
substantially of the ratio 10:1 fuel oil to petroleum sulfonate. 
Additionally, the quantity of reagent mixture used is pref 
erably 5 pounds of reagent mixture per ton of raw ?y ash. 

Preferably, a rotating agitator or impeller 18 driven by a 
motor 19 serves to agitate the slurry in the conditioning tank 
12. The conditioned slurry may then be transferred to the 
?otation cell 20 through a feed line 22 including a ?ow 
control valve 23. An agitator 24 is provided adjacent a lower 
end of the cell 20. The agitator 24 may include ports for 
injecting air into and through the conditioned slurry. As the 
bubbles rise, the carbon which as been made hydrophobic by 
conditioning with the reagent collides with and attaches to 
the air bubbles. Thus, the carbon is carried upwardly in the 
?otation cell and is gathered in a froth F that collects on the 
upper surface of the conditioned slurry. This froth F is 
collected from the over?ow 26 thereby allowing recovery of 
the carbon. As noted above, the recovered carbon is of a high 
grade and may be rebumed for energy production or put to 
some other use. 

A drain 28 at the bottom of the ?otation cell allows the 
withdrawing and recovering of the tailing product, that is, 
the now treated ?y ash. This recovered ?y ash has a reduced 
carbon content and is suitable for use as a cement additive 
and for other purposes. 
By utilizing the novel formulation of the fuel oil/petro 

leum sulfonate reagent, several important advantages and 
improvements are realized over prior art ?otation reagents 
and related ?otation methods in the recovery of carbon from 
?y ash. First, the use of the ?otation reagent formulation of 
the present invention signi?cantly reduces the amount of 
reagent necessary to achieve adequate ?otation and separa 
tion of carbon particles. At equivalent dosage, the petroleum 
sulfonate/fuel oil formulation provides as much as three 
times the carbon removal versus fuel oil alone is the (please 
refer to graphic representation shown in FIG. 2). Accord 
ingly, the present reagent formulation requires less added 
reagent to achieve comparable separation and recovery of 
carbon. Thus, the present reagent yields both reduced 
reagent handling and capital costs as Well as signi?cant 
improvements in separation e?iciency. 

Another advantage of using the ?otation reagent mixture 
of the present invention is that the petroleum sulfonate/fuel 
oil formulation produces signi?cantly faster ?otation of the 
carbon particles from the raw ?y ash slurry. For example, 
research indicates that the petroleum sulfonate/fuel oil for 
mulation provides a higher carbon recovery (44%) after only 
1 minute of ?otation than an equivalent dosage of fuel oil 
even after 20 minutes of ?otation (38%). Accordingly, 
separation times are signi?cantly reduced and processing 
e?iciency is greatly enhanced using the ?otation reagent 
mixture of the present invention. 

Although the reagent mixture and slurry may be condi~ 
tioned for up to 5 minutes, practically speaking, any com 
mercial use of this process will likely utilize a conditioning 
time of no more than 30 seconds before carbon removal is 
initiated. Because of the rapid separation of carbon during 
early phases of ?otation, the approximate residence time of 
carbon and ?y ash in a given ?otation cell is between 5 and 

10 

25 

30 

35 

55 

60 

65 

6 
10 minutes. Notably, this residence time represents a marked 
decrease over residence times required to‘ achieve adequate 
separation e?iciency with prior art separation methods. In 
fact, the present method achieves throughput at levels 
upwards of 0.5 lb/min/ft3. This makes processing feasible on 
a commercial scale. 

Another key advantage of the fuel oil/petroleum sulfonate 
mixture of the present invention is that the grade of the 
?oated carbon is higher than that obtained when using fuel 
oil alone during the practical range of ?otation time. Accord~ 
ingly, when carbon is removed in accordance with the 
present method, it is of a higher grade and, therefore, more 
advantageously suited to e?icient recombustion or other use. 

Additionally, this method results in a tailing product of ?y 
ash that exhibits a more signi?cant reduction in carbon 
content than possible with other prior art separation 
approaches. Consequently, the ?y ash recovered during the 
?nal step of the present method is usable for a variety of 
applications such as in cement as an additive, in sound 
mu?ling walls, and in roadbed construction. Additionally, 
land?lling costs are reduced or eliminated and land?lling 
resources are conserved due to the reduction of the amount 
of unusable ?y ash produced when the reagent mixture of the 
present invention is utilized. 

Brie?y summarizing, the froth ?otation method for 
removal and recovery of carbon from ?y ash includes the 
step of preparing a slurry with a preselected ratio of raw ?y 
ash and water or some other slurrying liquid. Next is the 
adding of a novel reagent comprising a fuel oil/petroleum 
sulfonate formulation to the slurry. That reagent conditions 
and renders the residual carbon in the raw ?y ash hydro 
phobic. This is followed by the step of aerating the condi 
tioned slurry, for example, either by air injection or simple 
agitation. Finally, carbon and a low carbon-content ?y ash 
tailing product are recovered and recycled for further use. 

In summary, numerous bene?ts have been described 
which result from employing the concepts of the present 
invention. Advantageously, the method of the present inven 
tion provides for improved efficiency of separation and 
enhanced recovery of residual carbon from raw ?y ash. 
Speci?cally, the method of the present invention enhances 
the quantity and quality of recovered unburned carbon as 
well as yielding a more recyclable ?y ash product. 
The foregoing description of a preferred embodiment of 

the invention has been presented for purposes of illustration 
and description. It is not intended to be exhaustive or to limit 
the invention to the precise form disclosed. Obvious modi 
?cations and variations are possible in light of the above 
teachings. The embodiment was chosen and described to 
provide the best illustration of the principles of the invention 
and its practical application to thereby enable one of ordi 
nary skill in the art to utilize the invention in various 
embodiments and with various modi?cations as is suited to 
the particular use contemplated. All such modi?cations and 
variations are within the scope of the invention as deter 
mined by the appended claims when interpreted in accor~ 
dance with the breadth to which they are fairly, legally and 
equitably entitled. ' 

I claim: 
1. A froth ?otation method for the recovery and removal 

of carbon from raw ?y ash containing carbon utilizing a 
?otation apparatus comprising the steps of: 

preparing a slurry of the raw ?y ash containing the carbon 
to be recovered by adding a preselected amount of a 
slurrying liquid; 

adding a ?otation reagent to said slurry to condition and 
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thereby render said selected ultra~?ne constituent 
hydrophobic, said ?otation reagent comprising a for 
mulation of fuel oil and petroleum sulfonate; 

aerating the conditioned slurry; 
removing said carbon from an upper portion of said 

?otation apparatus; and 
withdrawing and recovering tailings comprising carbon 

depleted ?y ash from a lower portion of said ?otation 
apparatus. 

2. The froth ?otation method set forth in claim 1, wherein 
said ?otation reagent formulation comprises a ratio of fuel 
oil to petroleum sulfonate of between substantially 20:1 to 
5:1. 

10 

8 
3. The froth ?otation method set forth in claim 1, wherein 

said ?otation reagent formulation comprises a ratio of sub 
stantially 10:1 fuel oil to petroleum sulfonate. 

4. The froth ?otation method set forth in claim 1, wherein 
the quantity of ?otation reagent used is substantially one to 
?ve pounds of reagent per ton of raw ?y ash. 

5. The froth ?otation method set forth in claim 1, wherein 
said ?otation reagent is added to the slurry in a conditioning 
tank and conditioning of the slurry with the ?otation reagent 
occurs for at least ?fteen seconds before passing the now 
conditioned slurry to the ?otation apparatus. 

* * * * =l< 
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