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1571 ABSTRACT
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‘taining colloidal suspended solids at a detection sta-
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METHOD AND APPARATUS FOR
AGGLOMERATION MEASURING AND CONTROL

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter prmted in italics mdlcates the additions
made by relssue

This invention relates to methods for optimizing con-
glomeration of any fluid stream containing colloidal
suspended solids and, more particularly, to a method
determining the Zeta Potential of colloidal suspended
soiids from their electrophoretic mobility and a method
for the continuous analysis and selection of correction

measures in accordance with the Zeta Potential to

automatically control and select the additives fed into
the process or stream to achieve an optimized agglom-
eration. | .

The method of the invention determines the Zeta

Potential of colloidal suspended particles or aggregates

of colloidal suspended particles in a fluid stream. The
diameter of the particles and aggregates of interest is
in most cases, in the range of one to 50 microns. It is
well known that particles of activated sludge or un-
treated, raw sewage possess an electric charge that can
be accurately determined in an electrophoresis cell. It
18 also recognized that the mechanics of measurement
for concentrated suspensions differ somewhat from the
standard methods employed for the measurement of
Zeta Potential of dilute colloidal suspensions. That is, if
a sludge 1s too dense to be viewed optically in an elec-
trophoresis cell, it may be necessary to treat the sludge
in some way to make it less dense so that optical detec-
tion of the articles is possible.

A dense sludge can be viewed optically by first sepa-
rating the liquid phase from the solid and then return-
ing a small portion of the solid to a large portion of the
liquid to give a suspended solids concentration of about
100 parts per million. The liquid-solids separation may
be achieved by filtration, centrifugation, or any other
method which does not alter the electrolytic composi-
tion of the liquid phase. Simple dilution with water
from another source in most cases changes the electro-
lytic balance and as a result the Zeta Potential is also
changed.

The invention provides methods for sampling any
fluid stream containing colloidal suspended solids and
detecting the electrophoretic mobility of the suspended
solids. Information relating to the motion of the sus-
~ pended particles is converted into electrical signals and
fed to a suitably programmed computer which deter-

mines the velocity of the particles, and in conjunction

with other information relating to the characteristics of
the suspended solids, such as the percentage of sludge
and the rate of flow of the fluid stream, generates ap-
propriate control signals which are then fed to correc-
tive apparatus for altering the addition of additives into
the process of stream to optimize the agglomeration of
the colloidal suspended solids. The methods disclosed
herein are particularly suitable for water and sewage
treatment plants, industrial waste treatment, industrial
solids recovery and/or other industrial process applica-
tions. |

238,940
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. OBJECTS

It is a primary object of this invention to provide

methods for the automatic optimization of agglomera-
3 tion or stabilization in any fluid stream containing col-
loidal suspended solids.

It 1s a second object of this invention to provide
methods for automatically determining the Zeta Poten-
tial of suspended solids 1n a fluid stream from a deter-

10 mination of the electropheret:e mobility of the sus-
pended solids. -

‘A third object of the invention is to provide greatly
improved methods for automatically determining the
electrophoretic mobility of colloidal suspended solids

15 in any fluid stream.

A fourth object of the invention is to provide im-
proved automatic and more versatile control of the
agglomeration or stabilization of any fluid stream con-
taining colloidal suspended solids. |

20 A fifth object of the invention is to provide apparatus
for automatically determining the Zeta Potential of sus-
pended solids in a fluid stream from a determination of
the electrophoretic mobility of the suspended solids.

A sixth object of the invention Is to provide improved

» 25 apparatus for automatically determining the electropho-

retic mobility of col[ozdal suspended solids in any fluid
stream.

- BRIEF DESCRIPTION OF THE FIGURES

30 FIG. 1a is a combined block and diagrammatic illus-

tration of an embodiment of a measuring and agglom-
eration control system in accordance w1th the inven-
tion; and

FIG. 1b 1llustrates a preferred embodiment of the

33 control system disclosed in FIG. 1a.

DETAILED DESCRIPTION OF THE INVENTION

Influent (sludge) 1s pumped into flocculation tank 10
where it is treated by suitable flocculents from floccu- |
40 lent storage tanks 12 by means of flocculent feed
pumps 14 which are controlled by computer signals on
line 16 to alter the flocculent pumped- into the floccula-
tion tank. The conditioned sludge is pumped from floc-
culation tank 10 via sampling port 20 to be pumped
45 into electrophoresis cell 22. The unsampled sludge is
pumped to settling or flotation equipment (not shown).
Provision is made for diluting sludge from flocculation
tank 10 with water to improve the optical density of the
sludge so that the colloidal suspended solids therein
>0 may be optically viewed or tracked in electrophoresis
cell 22. For this purpose as well as to purge the electro-
phoresis cell, clean water flush 24 is provided.
Lens system 28 magnifies the colloidal motion suffi-
ciently so as to produce an image which is scanned by
35 an electro-optical scanner or tracker 32. Scanner 32 is
essentially a photomultiplier tube with servo circuitry
for locking onto and tracking a dark or a light spot and
providing displacement data thereof in both X and
Y-directions. The displacement data is converted by
60 velocity module 34 into rate of displacement and pro-
duces signals proportional to dx/dt and dy/dt. The rate
of displacement data in turn is fed to programmed
comptuter 36 and combined with the voltage of electro-
phoresis cell 22 and sample temperature data respec-
65 tively from cell voltage module 34a and temperature
module 34b to compute the Zeta Potential. A waste
stream flow rate signal is fed from flow rate sensor 35§
to proportional plus reset ratio controller 38 which
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delivers a signal to proportional plus reset cascade

controller 40. The ZP signal from computer 36 is also

fed to cascade controller 40 and the resultant control
stignal regulates the speed of pumps 14 by means of
pump controls 39. |

Scanner 32 may comprise a series 800 Electro-Opti-

cal Motion tracker as manufactured by the Optron
Corporation. Electrophoresis cell 22 is positioned on
the stage of a microscope and the optical head of the
tracker 1s positioned to receive the magnified image.
The output of tracker 32 is an analog voltage of +5
volts and is proportional to the displacement of a
tracked object or objects along the X or Y-axis, or both
axes simultaneously. Velocity module 34 may simply
comprise a differentiating circuit to generate a signal

representing the differentiation of the tracker output

voltage. The differentiated signals are stored in com-
puter 36. The computer calculates an average velocity
from the stored data and then calculates the corre-
Spendmg Zeta Potential frem an equation described
below. |

FIG. 1b illustrates a preferred embedlment of scan-
ning and tracker apparatus 32 for measuring the veloc-
ity of particle migration within the electrophoresis cell.
In this embodiment the scanner comprises the #MC
particle measurement computer manufactured my Mil-
lipore, a subsidiary of Bausch and Lomb. As in the
aforedescribed embodiment, electrophoresis cell 22 is
placed on the stage of a microscope 28 and the magni-
fied image is scanned by video scanner 44, which is part
of the wMC system. A computer associated with video
scanner 44 identifies each particle and locates its posi-
tion from the coordinates of the tangent of the lower
portion of the particle. The particle location coordi-
nates are stored,in computer 36. An average velocity
determination is made by determining the total dis-
tance travelled by the particles divided by the total
number of particles divided by the time interval be-
tween observations. The computer associated with
video scanner 44 already has the capability of perform-
ing division and multiplication. Therefore, it can be
programmed to determine particle velocity and supply
such data to computer 36 wherein the Zeta Potential

for the suspended particles i1s calculated. The flow rate-

and Zeta Potential signals are processed by controllers
38 and 40 as in FIG. 1a to produce control signals for

pumps 14.

THE DERIVATION OF THE WORKING
EQUATIONS FOR DETERMINING ZETA
" POTENTIAL

The classical expression for electroosmotic. velocity
of a fluid caused by a voltage gradient is: |

v,.=i[ —DE(ZP}/47mn]

where: v/~electroosmotic velocity, D=dielectric con-

stant of the medium, E=electric field strength, ZP=zeta
potential, n=viscosity of the medium. The above equa-
tion can be used to determme Zeta Potential by rewrit-

Ing it as follows

ZP=—(47L/D|(v./V)n

In this equation E, the field strength, ts replaced by
V/L, the voltage divided by the distance between the

electrodes. In all our work we have taken 22.5°C as our

reference temperature. and all Zeta Potential measure-

28,940
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ments are corrected to 22.5° In this way the ZP equa-
tion becomes: | |

'ZP='—-1 47Ln/D(v./V )

‘where n'is the viscosity at 22.5° and c is a correction

factor for the change of viscosity with temperature.
Now the equation is in a form that can be used by a
computer to automatically determine ZP on the basis
of three input signals, particle velocity (electroosmotic
velocity), cell voltage, and temperature. In the case of
the first embodiment, the particle velocity signal will be

~analog and proportional to velocity so the basic ZP
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equatlon wﬂ] be:

ZP'— Ki{ve/V}(1.45-0.02t,.)

where: K, = 47L.n/D, so K, is a function of the cell
dimensions and the time and distance units used in the
equation.

With the seeond and preferred embedlment there
are two choices of signal proportional to velocity (1)
the average distance travelled by the particles in a
predetermined time or (2) the average time required
for the particles to travel a predetermined distance.
The equations for calculating ZP i In these two cases are
as follows:

| ZP—'-Kz{d/V)(l 45—0.02t.) (1)

where d 1s the average distance travelled and the prede-
termined time is included in the constant K.

ZLP=(—K;/TV)(1.45—0.02¢t,) (2)

where T is the average time required for the particles to

travel. The predetermined distance is included in the

constant K.

DETERMINING THE PROPER SET POINT ZETA
POTENTIAL FOR OPTIMUM AGGLOMERATION

Most suspensions of particles that are to be agglom-
erated for settling or flotation have an average Zeta
Potential of —25 to —50 millivolts. This means that
there 1s a fairly strong negative charge on each individ-
ual particle that repels any other approaching particles.
It has been found that when the Zeta Potential is less
than —20mv, there 'is a much stronger tendency for
particles to agglomerate. When the Zeta Potential of a
suspenston is between —10 and —15mv, the suspension
1s said to be at the threshold of agglomeration, but its
tendency - to agglomerate depends on the individual
suspension properties and the type of agitation given to
it. The actual Zeta Potential at which agglomeration
begins, 1f this indeed occurs at a sharp point, must be
determined empirically for each suspension. Strong
agglomeration and precipitation occur in the Zeta Po-
tential range of —5 to +5 mv. As the Zeta Potential
increases in the positive direction, the repelling forces
again mcrease and the tendency to agglomerate. dreps
off.

The average charge on the partieles 1s a function of

- the surface properties of the particle material and the

65

amount and type of dissolved substances in the suspen-
sion, and it is the result of preferential adsorption of
anions around the solid particles and solvation of cat-
ions by the water molecules. |
Most commonly used flocculents owe their effective-
ness to the their ability to alter the charge on suspended
partlc_les by adding a surplus of p031twely charged cat-
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“ions to the suspension. The positive charges neutralize
the existing negative charges and cause the Zeta Poten-
tial to approach zero. However, in most cases, it .is a
waste of flocculent to brmg the Zeta Potentlal to. zero.
Some of the best known flocculants j_are_,c;()mpqunds
containing ferric ions such as EeCly, compounds. con-
taining aluminum ions such as Al,(SO,); and AICl,, and
various cationic,. polyelectrolytes such, as Dow Punﬂoc
C31 and Rohm and Haas C7.. Lol A

With automatic and contlnuous mgmtormg of Zeta
Potential and control of the rate of flocculent addition
based on a set point Zeta. Potential, the minimum
amount of flocculent is consumed to achieve the maxi-
mum benefit. In general, the set point for agglomera-
tion control is —11 mv, but this is:flexible to allow for
unusual conditions. ' | -'

What is claimed is: SR -

1. A method for. determmmg the Zeta Pmentlal of
suspended colloidal particles comprising the: stéps of:

a. establishing :a predetermined -voltage gradient

along an- electrophoresis cell posmoned on a mi-
Croscope stage, T T IR
b. introducing a sample of sald squended ccallmdal
| partlcles into said celly " R
- €. scanning a- mlcmscoplc image of sald collmdal
particles within said cell, oo R
d tracking said partlcles to determme thelr ‘move-
ment,
e. storing data representative of said particle move-
ment; |
f. calculating the particle velocity from said data, and
g. determining the Zeta potential from said particle
velocity, the voltage gradient of said cell, and the
temperature of said suspended colloidal particles
sample.

2. A method as in claim 1 wherein said particle veloc-
ity is determined from the total distance travelled by
the individual particles and dividing said total distance
by the number of particles observed during a fixed

observation period.
3. The method as in claim 1 wherein sald particle

velocity is determined by differentiating a signal repre-
sentative of said particle displacement with respect to

------

time to provide a signal proportional to the rate of

change of particle displacement.

4. A method as in claim 1 wherein the Zeta Potential
is determined from the following formula:
ZP—K, (V./V) (1.45-0.02t.) and
K =4mwLn/D, |

V. is the electrophoretic velocity of said particles,

V is the voltage across said cell, t. is the temperature

of said sample, L is the length of said cell, D is the
dielectric constant of said sample, and n i1s the

viscosity of said sample.

5. A method as in claim 1 wherein the Zeta Potential
is determined from the following formula:
ZP—=—K,(d/V) (1.45—0.02t.) wherein K,=47L.n/D, d 1s
the distance travelled during a predetermined observa-
tion interval, V is the voltage of said cell, t. is the tem-
perature of said sample, L is the length of said cell, n is
the viscosity of said sample and D is the dielectric con-
stant of said sample and where K, includes said prede-
termined observation interval.

6. A method as in claim 1 wherein the Zeta Potential

is determined from the following formula:

ZP=(K./TV) (1.45-0.02t,) wherein —K;=47Ln/D, T 1s
the average time required for the particles to travel a
predetermined distance, V 1s the voltage across said

wherein

6

.cell, and t. 1s the temperature of said sample, L is the
| length of said cell n is the viscosity of said sample and

- D is the dlelectrlc constant of said sample and wherein

s
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KJ 1ncludes said’ predetermmed distance.
704 merhod for determmmg the Zeta potentmf of
mxpended colloidal partzcles comprzsmg the steps of
a. estabtzshmg a pederermmed voltage gradzem along
o an electmphorem cell, ‘
- b.orintroducing ‘a sample of said suspended Collozda[
particles into said cell, | SR
. ¢.°tracking said particles to determine their mavemem
' during a fixed tracking period,
- d. stormg the data representatwe of mid particle move-
ment,; . !
e. calculatmg the parrzde veloczry from e‘he movement
of said particles by the total distance travelled by the
individual particles ::md dividing said total distance
by rhe number of parr:des observed during sazd ﬁ,xed
| trackmg perzod and, . |
" f. determining the Zeta potentm! fmm said partzcle
velocity, _the voltage gradient of said cell, and the
remperarure of sazd suspended co![ozdal part:cles
mmpie o |
8. A method as in claim 7 further comprzsmg rhe atep
of scanning Sald particles before said step of trackmg |
9. A-method asin claim 7 wherein the Zeta Potennal s
determined from the followmg formula: A
ZP=K, - (V,/V) ({145 0.02t.)" and ‘wherein
K =4wlLn/D, V, is the electrophoretic velocity of said
particles, V is the voltage across said cell, t. is the temper-
ature of said sample, L is the length of said cell, D is the
dielectric constant of said sample, and n is the wsccmty of

said sample. |
10. A method as in claim 7 wherein the Zeta Potential

is determined from the following formula.

ZP=K, (d/V) (1.45—0.02t,) wherein K—~4wlLn/D, d is
the distance travelled during a predetermined observation
interval, V is the voltage of said cell, t. is the temperature
of said sample, L is the length of said cell, n is the viscos-

ity of said sample and D is the dielectric constant of said

sample and where K, includes said predetermined obser-
vation interval. |

11. A method as in claim 7 wherein the Zeta Potential
is determined from the following formula:
ZP=(—K3/TV) (1.45—0.02t.) wherein Ks~dwin/D, T is
the average time required for the particles to travel a
predetermined distance, V is the voltage across said cell,
and t. is the temperature of said sample, L is the length
of said cell, n is the viscosity of said sample and D is the

V. dielectric constant of said sample and wherein K; In-

cludes said predetermined distance.

12. Apparatus for determining the Zeta Potential of
suspended colloidal particles from a sample of said sus-
pended colloidal particles wherein the temperature

thereof is known, comprising:

means for establishing a predetermined voltage gradi-
ent along an electrophoresis cell;

means for introducing said sample into said cell;

means for tracking said particles for determining their
movement within said cell during a fixed tracking
period;

means for storing data representative of the parnde
movement,;

means for calculating the particle velocity from -the
movement of the particles determined by said means
for tracking; and

means for determining the Zeta Potential from said
particle velocity by determining the total distance
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, 7 - | 8
travelled by the ir;dfvidqa! particles wl'thi_n said mm- mmple and where Kz mc Zudes mm’ predetermmed 0b ?er—-
ple and by dividing said total distance by the number  vation interval. | '
of particles tracked durmg said tmckmg permd the - 16. Apparatus as in claim 12 wherein the Zeta Pote:;-

tial is determined from the following formula: :
5 ZP=(—K,/TV) (1.45-0.021.) wheréin Ki=4mwlLn/D, T is
the average fime required for the particles to travel a

predetermined distance, V is the voltage across said cell,
determining the Zeta Potential _}mduc_ies‘meqnffor d{ff €r and t. is the temperature ‘of said sample, L is the length

entiating a signal representative of the displacement of of said cell, n is the viscosity of said sample and D is the
said particles with respect to time for providing a signal | Jiclectric constant ‘of said sample and wherein K; in-

voltage gradient of said cell and the Iempemmre of
said suspended co[!mdal pamcle'; .mmple L |
13. Apparatus as in claim 12 wherein said means for

proportional to the rate of charige of particle displace- cludes said predetermined distance.
ment to said means for determining. | ' - 17. A method for determining the Zeta potential of
4. Apparatus as in claim-12 wherein the Zeta Poten- mspended colloidal particles comprising the steps of:
tial is determined from the following formula: . a: establishing a predetermmed voltage gradient along
ZP=—K, (V./V) (1.45—0.021.) and wherein K;=4mLn/D, 15  an électrophoresis cell; |
Ve is the electrophoretic velocity of said particles, V is the b. introducing a sample of said -FHSPﬁ'"dfd colloidal
voltage across said cell, t. is the temperature of said particles into said cell; o

- C. tracking said particles to determine their movement;

d. calculating the particle velocity from the movement

20~ .. of said particles by differentiating a signal represen-

' ~ tative of said particle displacement with respect to

time to provide a signal proportional to the rate of
 change. of particle displacement; and

e. determining the Zeta potential from said particle

sample, L is the length of said cell, D is the dielectric
constant of said sample and nis the wscoszty “of said
sample. |

15. Apparatus as in claim 12 wherein the Zeta Poten-
tial is determined from the following formula:

ZP=K, (d/V) (1.45—0.02t.) wherein K~4n Ln}D dis

the distance travelled durmgaprederermmed vbservation o5 . . velocity, the voltage gradient of said cell, and the
interval, V is the voltage of said cell, 1, is the temperature = temperature of said suspended co[!o:dal pamcles
of said sample, L is the length of said cell, n is the viscos- sample. | |
ity of said sample and D is the dielectric constant of said xR ¥ 0¥
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