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(57) ABSTRACT 

An agitation system including a motor that is capable of 
measuring the torque output of the motor required to mix a 
Suspension. The motor is attached to an agitator which is 
placed in a suspension to be measured. The agitator is placed 
in the Suspension and the agitation system is turned on for 
a period of time. This period determined by the type of 
agitator used and the characteristics of the Suspension. When 
the Suspension is well mixed and the torque measurement on 
the agitator becomes stable, the agitation system is stopped. 
The Suspension is allowed to sit without agitation for a 
period of time and the agitation system is started again. After 
a period of time the agitation system is started and the 
amount of torque needed to begin turning the agitator is 
measured. 
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AGITATION SYSTEMAND METHOD FOR 
MEASURING SETTLING RATE OF SOLIDS 

FROMA SUSPENSION 

FIELD OF THE INVENTION 

0001. The present invention relates generally to a system 
and method for measuring a settling rate of Solids from a 
Suspension. The system and method of the present invention 
enable the user to determine the optimal Solids concentra 
tion, particle size distribution, pH, additive composition and 
concentration and other factors for a Suspension to thereby 
optimize the Suspension of the solids in Solution and obtain 
the desired flow characteristics. 

BACKGROUND OF THE INVENTION 

0002 Many industries such as chemical manufacturing, 
power generation, mining, the oil industry, along with 
numerous others, have occasion to Suspend solid particles in 
Some type of fluid. For example, a high fuel-value coal 
water Suspension (or slurry) that can be injected directly into 
a furnace as a combustible fuel can be used to replace large 
quantities of fuel oil. Generally, it is highly desirable that the 
production time, expense, and amounts of carrier Solvents 
and additives of such suspensions (or slurries) be minimized 
as much as possible. 
0003. Often, for efficient practical use, the suspension 
must have several essential characteristics. It must have 
long-term static stability so that it can be stored for extended 
periods of time by Suppliers or at the point of use. During 
Such storage, the slurry must remain uniformly dispersed or, 
at most, be subject to some soft Subsidence which can be 
easily redispersed by stirring. 
0004. With respect to solid fuels used for processes such 
as power generation or chemical processing, uniform Solid 
dispersion is essential for a reliable fuel source. Such 
processes can require various concentrations of the Solid fuel 
in a liquid medium (e.g. a slurry). The liquid medium can be 
any suitable liquid carrier that is beneficial for the specific 
process. Requirements and process optimization can require 
varying concentrations of the solid material in the liquid 
carrier. Thus, in certain applications, reducing the liquid 
portion of the Suspension is desired. However, the Suspen 
sion must also be sufficiently fluid; that is, have a sufficiently 
low viscosity, to be pumped to and distributed into the next 
processing stage. 
0005. In order to increase the solids concentration of a 
Suspension, the skilled artisan may use a dispersant Such as 
pH modifiers and the Sulfonate salts of ligands, naphtha 
lenes, polystyrenes, polymethacrylates and polyolefins or 
other suitable dispersants. Such modifiers not only allow for 
increased solid concentration, but also serve to reduce 
Viscosity. However, when using Such modifiers, it is useful 
and often necessary to determine the optimal type and 
amount of modifier to achieve the desired effect. For 
example, if too much modifier is used, the Suspension can 
become unstable and the Solids can separate from the liquid. 
0006 Various methods have been developed to measure 
the rates at which particles settle out of suspension. Some of 
these methods involved visually observing the rates at which 
the particles settled to the bottom of the container or using 
Some type of detector to measure the settling of the particles. 
These methods often did not work well when the fluid was 

Feb. 14, 2008 

opaque or there were large numbers of fine particles that 
made visual observation or measurement with some type of 
light detector impractical. 
0007. The present invention addresses the above prob 
lems by enabling the user to determine the settling rates of 
Solids in a Suspension (e.g., a slurry). The present invention 
also enables the user to determine whether, and how much, 
modifier should be used. Moreover, the system and method 
of the present invention does not hamper the ability to 
observe or measure the rate of particle settling visually or 
optically. While the examples show the present invention in 
relation to coal slurries, the invention would be equally 
useful to other applications involving the Suspension of 
particles in a liquid. 

SUMMARY OF THE INVENTION 

0008. An embodiment of the present invention concerns 
a system for measuring the settling rate of Solids from a 
Suspension. The system comprises a motor unit, an agitator 
attached to the motor unit via an attachment rod, a container 
into which the Suspension and the agitator are inserted, and 
a control unit for controlling activation of the motor unit. 
0009. Another embodiment concerns a system for mea 
Suring the settling rate of Solids from a Suspension, com 
prising a motor unit, an agitator attached to the motor unit 
via an attachment rod, a container into which the Suspension 
and the agitator are inserted, and an additive feed system for 
adding additive to the container. 
0010 Yet another embodiment concerns a method for 
determining the settling rate of Solids in a Suspension, 
comprising inserting an agitator, connected to a motor unit, 
into a suspension sample, said Suspension being in a con 
tainer, agitating said Suspension for a first period of time 
until Solids in said Suspension are uniformly dispersed in the 
liquid, stopping said agitating for a second period of time to 
allow the Solids to settle, agitating said Suspension after said 
second period of time, and measuring an amount of torque 
required to start the agitator after said second period of time. 
0011 Still another embodiment concerns a method for 
optimizing a Suspension of Solids in a solution, comprising 
inserting an agitator, connected to a motor unit, into a 
Suspension sample, said Suspension being in a container, 
agitating said Suspension for a first period of time until Solids 
in said Suspension are uniformly dispersed in the liquid, 
adding at least one or more additive(s) to said Suspension, 
agitating said Suspension after said additive or solid is added 
until the additive is well dispersed, stopping said agitating 
for a second period of time to allow the solids to settle, and 
measuring an amount of torque required to start the agitator 
after said additive(s) is added to thereby determine an 
optimal amount of at least one of said additive in said 
Suspension. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012 FIG. 1 is a schematic diagram of a settling rate 
measuring system according to the present invention; 
0013 FIG. 2 is a graph showing the torque required to 
restart the measuring system agitator after progressively 
longer particle settling time periods; 
0014 FIG. 3 is a graph showing the effect that adding 
increasing amounts of additive to the Suspension has on the 
torque required to restart the measuring system agitator, and 
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0015 FIG. 4 is a graph showing the torque required to 
restart the measuring system agitator after increasingly 
longer particle settling time periods for two samples each 
prepared in a different manner. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0016. The present invention concerns an agitation system 
including a system that is capable of measuring the torque 
output of the motor required to mix a Suspension and related 
methods of use. The motor is attached to an agitator which 
is placed in a suspension to be measured. The motor is then 
turned on for a period of time. The time period can be 
determined by the type of agitator used and the character 
istics of the suspension. When the suspension is well mixed 
and the torque measurement on the motor becomes stable, 
the agitation system is stopped. The Suspension is allowed to 
sit without agitation for a period of time and the agitation 
system is started again and the amount of torque needed to 
begin turning the agitator is measured 
0017. The various parts of the settling rate measuring 
system according to the present invention are exemplified in 
FIG. 1. The system 10 includes an agitator 14 attached to a 
motor unit 11 via an attachment rod 13. The motor unit 11 
is capable of measuring the torque output of the motor and 
includes a display 12 for showing the torque measurement. 
Such motor units 11 (e.g., motor units that measure torque 
and have a display feature), agitators 14 and connecting rods 
13 are known to those of ordinary skill in the art (Cole 
Parmer R, Servodyne(R) Mixers, Lightin(R) LabmasterTM Mix 
ers, GK Heller(R) Mixers). Moreover, the motor unit 11 
should be selected so that it is suitable to the materials and 
viscosity levels to be measured. The system 10 can also 
include an additive feed system 17, for adding a desired 
additive, and an additive reservoir 15. The additive feed 
system 17 withdraws additive from the additive reservoir 15 
via a tube 16 and delivers the additive to a container 20 
containing the suspension 21 to be tested via tube 18. The 
container can be any suitable container having a bottom 23 
and sides (such as a beaker) So that it can adequately hold the 
suspension 21 without spilling. Moreover, an additive feed 
system 17, and associated connecting tubes 16 and 18. 
which can be used in the present system are also known to 
those of ordinary skill. For example, the system can include 
pressurized reservoir with a valve that can be opened to 
Supply additive to the slurry container or a pump Such as a 
FMIR), Pulsafeeder(R) or a Milton Roy(R) metering pump, to 
Supply additive to the slurry container. 
0018. The motor unit 11 and additive reservoir 15 can be 
controlled by a programmable control unit 19 (for example, 
a central processing unit (CPU)). The control unit 19 can be 
programmed when the system 10 is built and/or by the end 
user to turn the motor unit 11 on and off at various time 
intervals and/or to control the additive feed pump 17 to 
introduce an additive 22 at a desired rate. 
0019. In one embodiment, when system 10 is in use, the 
agitator 14 is placed near or adjacent the bottom 23 of a 
container 20 containing a Suspension 21 to be tested. In one 
embodiment, the agitator 14 has at least one flat radial blade 
25. However, the design of the agitator 14 may be modified 
depending on the type of Solids and liquid to be tested. 
0020. The present invention also relates to a method for 
determining the settling rate of a Suspension over a period of 
time. In Such a method, the agitator 14 is started and the 
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Suspension stirred for a period of time (e.g., a first period of 
time) until all of the solids are well dispersed in the liquid. 
At this time, the agitation is stopped and the particles 
allowed to settle for a period of time (e.g., a second period 
of time). After the period of time has elapsed, the agitator 14 
is started and the amount of torque required to start the 
agitator is observed. The Suspension is agitated until the 
particles are again dispersed in the fluid. 
0021. The agitator is then stopped and the particles 
allowed to settle for another time period (e.g., a third period 
of time) of time which is normally a longer period of time 
than the second time period. After the selected period of time 
has elapsed, the agitator 14 is started and the amount of 
torque required to start the agitator is observed. 
0022. This procedure can be repeated several times 
allowing increasing amounts of time for the particles to 
settle after the agitator is turned off. The process is repeated 
until the desired time range for settling is reached or a 
maximum allowable torque to restart the agitator is reached. 
The graph of FIG. 2 shows the torque required to restart the 
agitator 14 after increasingly longer particle settling time 
periods of a coal and water Suspension according to the 
above described method. The time periods measured and the 
torque will vary greatly depending on the properties of the 
Suspension that is being measured. This data can be used to 
correlate the changes in start-up torque vs. the time allowed 
for the particles to settle. 
0023. Another method according to the present invention 
enables a determination of effects of changes in suspension 
on settling properties. In this method, the agitator 14 is 
started and allowed to stir the Suspension until the particles 
are well dispersed. 
0024. The suspension is then modified in some way, for 
example, by the addition of more solids (particles) or liquid 
to change the concentration or by the addition of some other 
component (e.g. a suspension modifying additive). Dispers 
ants known to those of ordinary skill in the art include pH 
modifiers and the Sulfonate salts of ligands, napthalenes, 
polystyrenes, polymethacrylates and polyolefins are also 
used. The agitator 14 is then stopped and the particles 
allowed to settle for a period of time. The agitator 14 is then 
started and the amount of torque required to start the agitator 
14 is observed. 

0025. The process is then repeated by agitating the sus 
pension until the particles are well dispersed additional 
additive(s) are charged and dispersed and then stopping the 
agitator 14 for the same period of time. The agitator 14 is 
then started and the amount of torque required to start the 
agitator is observed. 
0026. This process can be repeated as many times as 
desired to observe the effects of incrementally adding 
increasing amounts of the Solid, liquid, or some other 
additive to the Suspension and observing the change of the 
start-up torque in relation to the amount of the material that 
was added. The graph of FIG. 3 shows the effect adding 
increasing amounts of dispersant to the Suspension has on 
the torque required to restart the measuring system agitator 
according to this method. 
0027. The method according to this particular embodi 
ment enables Suspension optimization in that the method 
enables the determination of the optimal amount of a par 
ticular additive for improving the Suspension properties 
(e.g., increased solids/decreased liquid amounts while main 
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taining good Suspension time and flowability of the Suspen 
sion) and at what amount the additive causes the Suspension 
to separate. 
0028. Yet another method of the present invention com 
bines the first two methods described above. In this third 
method, the start-up torque required for a Suspension is 
measured over several different settling times and then some 
additive is added. The suspension can also then be tested 
over the same several periods of settling time. Additional 
additive is added and the process is repeated to cover the 
range of settling times and amounts of additive desired. 
0029. Although all three of these methods can be done 
manually by simply turning the agitator on and off at the 
specified times, observing the agitator torque and recording 
the torque measurement, and charging the additives as 
desired, the system 10 can be automated (for example, via 
use of a CPU) so that all, or part of these functions can be 
done automatically and the data recorded. 

EXAMPLE 

0030 Two different suspensions (slurries) of coal were 
obtained from plant processing equipment (i.e. rod mill). 
Each Suspension was mixed well and Subjected to a test in 
which each suspension was stirred until it was well dis 
persed, the agitator stopped and then allowed to settle for a 
period of time. The agitator was then started and the amount 
of torque required to start the agitator was measured. The 
process was then repeated except the time which the Sus 
pension was allowed to settle was increased. The length of 
the settling time was increased until the torque required to 
start the agitator exceeded 1500 kg-cm. The first sample is 
labeled as Sample A in FIG. 4. Sample A exceeded the 1500 
kg-cm starting torque limit when the settling time was 
increased to approximately 5 minutes. The second plant 
sample consisting of the same coal as Sample A but prepared 
in a different manner did not exceed the 1500 kg-cm limit 
even when the settling time had increased to over 18 
minutes. 
0031 While embodiments of the invention have been 
illustrated and described, it is not intended that these 
embodiments illustrate and describe all possible forms of the 
invention. Rather, the words used in the specification are 
words of description rather than limitation, and it is under 
stood that various changes may be made without departing 
from the spirit and scope of the invention. 
We claim: 
1. A system for measuring the settling rate of Solids from 

a Suspension, comprising: 
a motor unit; 
an agitator attached to the motor unit via an attachment 

rod; 
a container into which the Suspension and the agitator are 

inserted; and 
a control unit for controlling activation of the motor unit. 
2. The system according to claim 1, further comprising an 

additive feed system for adding an additive to the container. 
3. The system according to claim 2, wherein the control 

unit also controls activation of the additive feed system. 
4. The system according to claim 2, wherein the additive 

feed system withdraws an additive from a reservoir and 
introduces the additive to the container via at least one tube. 

5. The system according to claim 1, wherein the agitator 
comprises at least one flat radial blade. 
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6. The system according to claim 1, wherein the motor 
unit measures torque and includes a display for showing a 
torque measurement. 

7. A system for measuring the settling rate of Solids from 
a Suspension, comprising: 

a motor unit; 
an agitator attached to the motor unit via an attachment 

rod; 
a container into which the Suspension and the agitator are 

inserted; and 
an additive feed pump for adding and additive to the 

container. 
8. The system according to claim 7, further comprising a 

central processing unit to control activation of at least one of 
the motor unit or additive feed system. 

9. A method for determining the settling rate of solids in 
a Suspension, comprising: 

a) inserting an agitator, connected to a motor unit, into a 
Suspension sample, said sample being in a container; 

b) agitating said Suspension for a first period of time until 
Solids in said Suspension are uniformly dispersed in the 
liquid; 

c) stopping said agitating for a second period of time to 
allow the solids to settle; 

d) agitating said Suspension after said second period of 
time; and 

e) measuring an amount of torque required to start the 
agitator after said second period of time. 

10. The method according to claim 9, wherein steps c)-e) 
are repeated a plurality of times and wherein said second 
period of time of step c) is progressively lengthened. 

11. The method according to claim 9, wherein steps c)-e) 
are repeated a plurality of times and wherein an increasing 
amount of an additive is added during each of said step c). 

12. The method according to claim 9, wherein the agitator 
is inserted into the container so that the agitator is about /16 
to /4 in. from a bottom of said container. 

13. A method for optimizing a suspension of Solids in a 
Solution, comprising: 

inserting an agitator, connected to a motor unit, into a 
Suspension sample, said sample being in a container; 

agitating said sample for a first period of time until Solids 
in said Suspension are uniformly dispersed in the liquid; 

stopping said agitating for a second period of time to 
allow the solids to settle; 

adding at least one of an additive and an additional 
amount of said Solids to said Suspension; 

agitating said Suspension after said at least one of additive 
and solid is added; and 

measuring an amount of torque required to start the 
agitator after said at least one of additive and Solid is 
added to thereby determine an optimal amount of at 
least one of said additive and Solid in said Suspension. 

14. The method according to claim 13, wherein steps c)-e) 
are repeated a plurality of times and wherein said second 
period of rest of step c) is progressively lengthened. 

15. The method according to claim 13, wherein steps c)-e) 
are repeated a plurality of times and wherein an increasing 
amount of one of said additive and said solids is added 
during each of said step c). 

16. The method according to claim 13, wherein the 
agitator is inserted into the container so that it agitator is 
about /16 to 4 in. from a bottom of said container. 


