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The present invention relates to and‘ is 'an im 
provement in the art of centrifuging. 
The ‘sedimentation of colloids from a colloidal 

solution may be obtained by the use of- a-centri 
fuge or ultra-centrifuge. It has been demon 
strated that colloidal particles have an electric 
charge. For a given substance in a colloidal sus 
pension, the charges on the particles are gen 
erally of like polarity. Acceleration of the rate 
of sedimentation of the colloids in a colloidal 
solution is obtained by applying a magnetic ?eld 
to-the colloidal solution while it is being whirled 
in a centrifuge. The magnetic field is applied 
with a uniform intensity, parallel to the axis 
of vrotation and with a polarity to apply a force 
to assist the centrifugal force being applied as a 
result of the rotation. Essentially, the effect -of 
the magnetic ?eld on the charged colloid particle 
is to make the particle move in the ?eld in a 
direction dependent upon the polarity of the 
charge on the particle and the sense or polarity 
of the magnetic ?eld. 
In colloid chemistry, it at‘times becomes neces 

sary to separate colloids from'colloidal solutions 
wherein the colloid solution contains a mixture 
of colloids having a diiferent charge to mass 
ratio and a separation is desired into colloids 
having the same charge to mass ratio. This-sep 
aration is not readily effectuated‘by centrifuging 
or application of a'magnetic ?eld in the hitherto 
known manner, since this merely results in a 
deposition of the mixture of colloids having va 
different charge to mass ratio. 

It ‘is an object of the present invention to pro 
vide'a system and apparatus whereby a complete 
separation may be e?ectuated of colloidal mix 
tures wherein the charge to mass ratio di?ers. 
It also becomes desirable, at times, in colloid 

chemistry to determine the charge on colloids. 
It is another feature of the present invention 
thatit permits measurement of the charge on 
colloids. ~ 

Still another object of the present invention 
is to provide a novel and improved centrifuging 
system and apparatus. ' 

' These and other objects and features of the 
invention are attained by rotating a'centrifuge 
rotor carrying the colloidal solution between the 
poles of anvelectromagnet. The magnetic?eld is 
applied parallel to the axisabout whichthe rotor 
rotates and themagnetic ?eld is non-uniformly 
applied so that the ?eld intensityevaries radially. 
If the magnetic ?eld sense is properly chosen 
as ‘well as the range of ?eld intensities, colloidal 
particles with a charge to massratio greater than 
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a calculable amount will move centrifugally and 
be precipitated out at one level of this solution; 
and those particles with a charge to mass ratio 
less than the calculated amount will ‘move ‘cen-' 
tripetally and be precipitated out at a di?‘erent 
level of'the solution. By choosing a magnetic 
?eld having a known intensity range and by "api 
plying ,the'magnetic ?eld to oppose the elfectsof 
the mechanical centrifugal force the colloidal 
particles in a colloidal'solu'tion can‘be made-to 
deposit out in the solution-at a rate or- at a‘leve'l 
within the solution which is dependent upon the 
charge upon the colloid. " 
The novel features'of the invention aswell as 

the invention itself, both as to its organization 
and method of operation, will best be understood 
from the following description, when read in con 
nection with the accompanying drawings, in 
which 

Figure 1 is a cross-section of an embodiment 
of my invention, ' ' 

Figure 2 is a side View of the centrifuge rotor 
shown in Figure 1, 

Figure 3 is a sectional view showing the loca 
tion of a slot in the pole pieces shown in Figure '1. 
Referring now to Figure 1 there is shown in 

cross-section an electromagnet I0 havinga pair 
of adjustable pole pieces I2. The distance'be 
tween the pole pieces is adjustedby‘ turning the 
handles I4 at each end of the pole pieces. This 
causes the pole pieces I2 to turn inthe threaded 
portion I8 of the U-shaped portion of the electro 
magnet, thus bringing the pole pieces closer to 
gether or further apart. Mounted on the pole 
pieces are the ?eld coils ‘I ‘I which are electrically 
excited for exciting the electromagnet I0. The 
inner ends of the pole pieces are cup-shaped 
members I8. The lip 20 of each cup-shaped 
member effectively provides an annular type of 
pole face but the actual-pole faces 20 themselves 
are not parallel to each other but are at an angle 
toeach other for reasons which will be made 
more clear subsequently herein. 
The cup-shapedmembers I8 may be‘ mounted 

on the pole pieces I2 by two threaded studs 22 ‘to 
be movable with the pole pieces. A pair of non 
magnetic discs 24 are forceably mounted on‘ 
ridges within the cup-shaped members. Force 
ably mounted in each of the discs is a rod-like 
member 28 having its free end shaped to serve‘v 
as a bearing or supporting a bearing and to 
support a centrifuge rotor28. As the pole pieces 
are moved inward the bearings 26 engage cor 
respondingly shaped holes inthe centrifugerotor 
28. The details vof mounting ‘ the - centrifuge I‘ on: 



3 
bearings are well known in the prior art and 
are not an essential part of the invention. 
The centrifuge rotor 28 is shown in Figure 2. 

It is made of non-conducting and non-magnetic 
material and carries a small container 30 where 
in the colloidal solution is carried to be rotated 
by the rotor. The size of the pole faces is such 
as to insure that the magnetic ?eld is applied, 
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to the colloidal solution throughout the path it " ’ 
travels while being revolved by the'irotor. A 
slot is left in the two cup-shaped members l8, 
one of which is shown in Figure 3. These two 
slots are aligned and, as shown inFigure 1, a 
light 32 shines through both slots and through 
the colloidal solution when it is aligned with the 
slots. This light 32 is re?ected by a mirror 34 
to a camera 36 by means of which the conditions 
in the solution may be photographed; The rotor ' 
28 may be driven by a blast of air at its edge if .. 
it is so desired. This slot also provides space 
for the removal of the container 30. A beam of 
light may be shined through the same, or a 
smaller slot, and the rate of rotation of the 
rotor determined from the number of times per 
second the light is interrupted. 

Consider a uniform magnetic ?eld of intensity 
H, which is applied parallel to the axis of rota 
tion of a colloidal mixture being rotated in a 
centrifuge. If the sense in which the ?eld acts 
is properly chosen with regard to the sense of ro 
tation of the rotor and the sign of the charge on 
the colloid, then a centrifugal force Hqrw—F will 
act on the particles of the colloid where H is 
the magnetic ?eld strength, q is the charge on 
the colloid, r is the radius to the point at which 
the ?eld acts, a: is the angular velocity of the 
rotor, and F is a force due to the displacement 
of other charges in the suspension. 
The force I-Iqrw may be large compared with 

the force F and the mechanical centrifugal force 
which may be expressed as 

a=radius of colloidal particles 
p=density of colloidal particles 
pu=density of liquid in which particles are sus 
pended 
The complete equation of the motion is 

d 4 
61r11ad—:=§1ra3(p —- p0)w27‘ + Hqwr 

or 

1 dr_2llz(p—po) 
Zr’ dt 91, °’+ 

where n=viscosity of the liquid in which the col 
loid is dispersed. If, therefore, the rate of sedi 
mentation 

d1 
dt 

is measured for different w with H ?xed or dif 
ferent H with w ?xed, it is possible to deduce q 
from the measurements, F being determined by 
the methods at present used in electrophoretic 
measurements. 

If H is made to increase radially and the sense 
of the applied magnetic ?eld is chosen so that 
the force Hqrw acts centripetally, there will be 
a value for which the rate of sedimentation, 

dr 
(if-0 

and therefore the mechanical centrifugal force 
equals the magnetic centripletal force. There 

20 

25 

30 

40 

50. 

55 

60 

85 

70 

75 

4 
fore, if a magnetic ?eld is applied which varies 
in intensity from a maximum to a minimum from 
the outer portion of the colloidal solution being 
centrifuged to the inner portion, the colloidal 
particles in the intense magnetic ?eld are driven 
inward by the magnetic centripetal force. Those 
colloidal particles in the less intense magnetic 
?eld are driven outward by the mechanical cen 
trifugal force. A layer of colloidal material is 
thrown to’ the sides of the cell at the boundary 
region where the two forces are substantially 
equal. The location of this layer for a given col 
loidal solution is dependent upon the mass to 
charge ratio of the colloidal particles. This layer 
is represented in Figure 2 as the line of dots 38 
across the carrier'of the colloidal solution. The 
layer and its location may be photographed using 
the camera shown in Figure 1 to take a picture 
of the image in the mirror formed by the light 
shining through the slots in the pole pieces when 
the solution is aligned with the slots. The radial 
increase in the applied ?eld strength is obtained 
by shaping the pole faces 20 shown in Figure 1 
to have an angle to each other rather than be 
ing parallel. 
The ?eld strength at the colloidal layer is read 

ily determined as well as the radius from the 
axis of rotation to the layer. The angular veloc 
ity of the rotor at the colloidal solution is meas 
urable. The colloidal density, viscosity of the 
liquid in which the colloids are dispersed, as 
well as its density and the radius of the colloidal 
particles, are all measurable using techniques 
which are well known in colloid chemistry. By 
the substitution of these measurements into the 
equation of motion given ‘above, a solution for 
the charge on the particle may be found. Dif 
ferent colloidal particles in a solution will form 
different layers in the solution if the range of 
the centripetal force provided by the non-uni 
form magnetic ?eld is su?‘icient to balance thev 
centrifugal force applied. v . 

In order to separately precipitate mixed col 
loids having different charge to mass ratios, 
the strength of the magnetic ?eld may be se 
lected and applied so that particles with a 
greater charge to mass ratio than can be de 
terred by the centripetal force move outward 
under the effect of the centrifugal force and 
the particles with the smaller charge to mass 
ratio are moved inward by the centripetal force. 
Thus, a complete separation of the particles in 
the colloidal mixture is effected. The ?eld 
strength may be determined by making a few 
trial variations. Alternatively, the velocity of the 
centrifuge rotor may be varied until a double 
precipitation is seen to occur. 
In colloidal solutions, where the colloid car 

rier or- liquid is heavier than the colloidal par 
ticles, separation by centrifuging results in the 
colloidal particles being moved inward toward 
the axis of rotation. In such cases the pole 
faces are altered to have an angle opposite to 
the one shown so that the magnetic field increases 
radially inward instead of outward and the, mag 
netic force isapplied to urge the colloidal par 
ticles inward instead of outward. In either situ 
ation, where the liquid is heavier or lighter than 
the colloidal particles, the sense or polarity of 
the applied magnetic ?eld is determined by the 
polarity of the charge on the colloidal particles. 
From the foregoing description, it will be read 

ily apparent that there has been provided a 
novel and improved centrifuging system for sep 
arating colloidal particles from colloidal solu 
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tions and for measuring the charge on the par 
ticles. Although a single embodiment of the 
present invention has been shown and described, 
it should be apparent that many other embodi 
ments are possible, all within the spirit and scope 
of the invention. It is therefore desired that the 
foregoing description shall be taken as illustra 
tive and not as limiting. 
What is claimed is: 
l. A system for concentrating electrically 

charged colloids having a known density and 
diameter in a colloidal solution of a known 
density and viscosity, comprising means includ 
ing a rotor to apply a centrifugal force to said 
solution at a known angular velocity, means in 
cluding an electromagnet to apply to said solu 
tion a known non-uniform magnetic ?eld at 
right angles to said centrifugal force and with 
a sense to apply a centripetal force to said col 
loids whereby said colloids are concentrated at 
a level within the carrier of said colloids de 
pendent upon the charge to mass ratio of said 
colloids. 

2. Apparatus for concentrating electrically 
charged colloids in a colloidal mixture compris 
ing means including a rotor to rotate said col 
loidal mixture about an axis at a known angular 
velocity to apply a centrifugal force thereto, 
means including an electromagnet to apply to 
said mixture a magnetic ?eld parallel to the axis 
of rotation and having an intensity that ranges 
from a maximum to a minimum through said 
colloidal mixture, the polarity of said magnetic 
?eld being such as to apply a. centripeta1 force 
to said colloids whereby said colloids are con- ‘ 
centrated at a level within the carrier of said 
colloids dependent upon the charge on said col 
loids, and means to measure the distance of said 
colloidal concentration from said axis. 

3. Apparatus for e?ecting a colloidal mixture 
separation comprising a centrifuge rotor having 
a container therein wherein said mixture is car 
ried, and an electromagnet having a pair of sub 
stantially annular-shaped poles positioned on 
opposite sides of said rotor to provide a mag 
netic ?eld parallel to the axis of said rotor over 
the path traveled by said container in said rotor, 
each of the opposite pole faces of said electro 
magnet being formed with an annular, outwardly 
tapered portion, whereby said magnetic ?eld 
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varies from a minimum intensity to a maximum 
intensity through said colloidal mixture. 

4. Apparatus for effecting a colloidal mixture 
separation comprising a centrifuge rotor having 
a container therein for carrying said mixture, 
and an electromagnet having a pair of substan 
tially annular shaped poles positioned on oppo 
site sides of said rotor to provide a magnetic 
?eld parallel to the axis of said rotor, the inner 
and outer diameter of said annular-shaped poles 
being larger than the inner and outer diameter 
of the path traveled by said container on said 
rotor, the opposite pole faces of said pair of 
poles being at an angle to each other, whereby 
said magnetic ?eld varies from a minimum in 
tensity to a maximum intensity through said 
colloidal mixture. 

5. The method of effecting a separation of col 
loids having different charge to mass ratios from 
a colloidal solution comprising applying a cen 
trifugal force to said mixture, and applying a 
magnetic ?eld to said mixture at right angles to 
said centrifugal force with a sense to apply a 
centripetal force to said colloids and with a ?eld 
intensity to overcome the centrifugal force ap 
plied to certain ones of said colloidal particles 
whereby said certain ones of said colloidal par 
ticles are concentrated out at one level of said 
colloidal solution and the remaining ones of said 
colloidal solution are concentrated out at a dif 
ferent level of said solution. 

6. The method of effecting a separation of col 
loids of known density and diameter in a col 
loidal solution of known density and viscosity 
comprising applying a centrifugal force to said 
solution at aknown angular velocity and apply 
ing to said solution a magnetic ?eld having a 
known non-uniform ?eld strength at right angles 
to said centrifugal force and with a sense to 
apply a centripetal force to said colloids where 
by said colloids are concentrated at a level With 
in the carrier of said colloids dependent upon 
the charge to mass ratio of said colloids. 
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