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[57] ABSTRACT 
A density gradient fractionator sometimes referred to 
as a pycnograph has a chamber to receive a volume of 
the gradient, light density end uppermost and a vol 
ume of a sample as a surface layer so that its particu 
late contents that will settle therefrom in response to 
the earth's gravity can sediment into the gradient. The 
fractionator has piston means reciprocable in the 
chamber and having a discharge tube connected 
thereto with its lower end extending through and slid 
ably sealed in the bottom of the chamber and with its 
upper end open to function as an over?ow for the 
chamber so that as the piston means is advanced, the 
gradient and its sedimented zones are forced into the 
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27 Claims, 6 Drawing Figures 

discharge tube, light density end ?rst. The piston 
means includes a piston with an upper chamber for 
the sample provided by a recess in its upper surface. 
the piston having an axial port and the piston means 
including a valve in control of the port and connected 
to the piston for movement relative thereto for a short 
distance to provide opened and closed positions, 
movement of the valve thereafter resulting in move 
ment of the piston in a corresponding direction. 
Means are provided to stir the gradient in a transverse 
plane in any zone in which particles may be trapped 
against settling or rising to the level in the gradient 
equal to their density. 
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DENSITY GRADIENT FRACTIONATOR 

BACKGROUND OF THE INVENTION 

In various research programs, it is required that the 
different particles contained in samples be separated 
and counted. Where the size of such matter varies sub 
stantially from a minimum theoretical size in the neigh 
borhood of twenty microns to much larger and clearly 
visible particles it is difficult to meet that requirement 
accurately and without requiring an inordinate amount 
of a technician’s time. 
By way of one example, a program exists that re 

quires the monitoring of many areas in which marine 
life breeds in order to predict population trends at a 
later time in certain harvest areas. In each such breed 
ing area, samples of uniform volume are regularly 
taken that are presumed to contain representative al 
gae, plankton, fish eggs, and larvae. The value of the 
program obviously requires that the number of each 
type of such marine life in each sample be accurately 
determined. At the present time, such determination is 
effected by first manually sorting the different types of 
marine life and then counting the sorted populations. 
This procedure is unsatisfactory both because of the 
time required of the technicians and because it usually 
results in a material and unpredictable error. 

THE PRESENT INVENTION 

The objective of the present invention is to provide 
means to effect the separation of diverse particles con 
tained in samples when the size range of the particles 
is substantial, with the smallest particles being at least 
collectively visible, the separation being effected by the 
sedimentation of the particles in a suitable liquid den 
sity gradient in response to the earth’s gravity into visi 
bly distinguishable zones. 

It is of course well known that particles can be sepa-' 
rated in accordance with their densities by introducing 
a sample containing them into a centrifugal field in 
which there is a suitable liquid density gradient. This 
procedure is unsatisfactory, however, when the size of 
the particulate matter is as varied as it is, for example, 
with the types of marine life to be found in the moni 
tored areas. 

In accordance with the invention, the above gener 
ally stated objective is attained with a density gradient 
fractionator having a vertical chamber for the gradient 
with its light density end on top and for a predeter~ 
mined volume of a sample as a layer on the surface of 
the gradient. Piston means are reciprocable in the 
chamber after sedimentation has occurred and a dis 
charge tube is connected thereto with its upper end 
open and providing an over?ow in the upper end of the 
chamber and its lower end extending through and slid 
ably seated in a port in the bottom of the chamber. 
With such a fractionator, after sedimentation of the 

particles in response to the earth’s gravity, the piston is 
advanced into the chamber and as it advances, the gra 
dient with its sedimented zones is forced into said dis 
charge tube, the lighter density end first. 
Another objective of the invention is to provide the 

fractionator with an upper chamber for the sample. 
The piston means includes a piston having an axial port 
effecting communication between the sample and gra 
dient chambers and a valve which, when opened, per 
mits the sample ?ow onto the gradient and, when 
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2 
closed, permits the piston to function as such, in forc 
ing the gradient and its sedimented zones into the dis 
charge tube. 
Another objective of the invention is to utilize the 

valve as the means by which the piston is reciprocated, 
an objective attained by connecting the valve thereto 
so that after its short movement between its open and 
closed positions the piston is moved thereby in corre 
sponding directions. The means by which piston recip 
rocation is to be effected is connected to the valve and 
such means may be of various types depending on the 
degree of accuracy that is wanted in separating the 
sedimented zones. 
Another objective of the invention is to provide a 

density gradient fractionator having a sample chamber 
placed in communication with the gradient chamber by 
valve means with the bottom of the sample chamber in 
the plane of the surface of the gradient when freely in 
fused in the gradient chamber. 
Yet another objective of the invention is to minimize 

disturbance of the sedimented zones while being suc 
cessively forced into the delivery tube, an objective at 
tained by forming the piston with its undersurface up 
wardly and inwardly inclined towards the upper end of 
the delivery tube. The attainment of this objective is 
also assisted by providing means enabling the advance 
of the piston to be accurately controlled with its travel 
at a sufficiently slow rate to enable even the narrowest 
of desired zones to be precisely removed. 
A further objective of the invention is to provide for 

the delivery of the gradient into its chamber, light den 
sity first, an objective attained by providing an inlet in 
its bottom that includes an annular upwardly opening 
portion with the bottom upwardly inclined at the outlet 
thereof. 
Due to the large amount of plankton in a typical ma 

rine life sample, a barrier results in which heavier or 
ganisms are or may be caught mechanically in the inter 
mediate plankton zone and thus prevented from set 
tling to the level equal to their density to which they 
would normally settle. Lighter particles may also be en 
trapped in the plankton zone. Particles caught in the 
wrong zone may be freed by stirring the gradient and 
an important objective of the invention is to provide 
means to sweep through iso~dense planes in the gradi 
ent and cause convective disturbances which are effec 
tive only in a horizontal plane as the buoyant forces re 
strict fluid from mixing vertically but freeing the en 
trapped particles so that they may rise or settle to the 
level appropriate for their density. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings, preferred embodiments of a density 
gradient fractionator in accordance with the invention 
are illustrated. 

FIG. I is a side elevation of the fractionator; 
FIG. 2 is a vertical section on an increase in scale, 

taken centrally of the chambers of the fractionator and 
through the drive to show the gearing of FIG. 1; 
FIG. 3 is a section taken approximately along the in 

dicated line 3—3 of FIG. 2; 
FIG. 4 is a section taken approximately along the in 

dicated line 4-4 of FIG. 2; 
FIG. 5 is a fragmentary vertical section showing the 

attachment of a fraction-receiving container to the 
lower end of the delivery tube; and 
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FIG. 6 is a perspective view of the fractionator with 
different zones illustrated and with the means for stir 
ring the gradient in selected iso-dense planes shown in 
an operative position. 

THE PREFERRED EMBODIMENT OF THE 
INVENTION 

The density gradient fractionator illustrated by the 
drawings consists of a transparent, tubular gradient 
chamber 10 closed at its bottom end by a base assembly 
generally indicated at 11 and at its upper end by a pis 
ton assembly, generally indicated at 12 and having an 
axial delivery tube 13 extending downwardly through 
the chamber 10. 
The base assembly 11 consists of an annular base 

member 14 having an internal annular shoulder 15 in 
its upper surface into which the lower end of the cham 
ber 10 is seated and sealed as at 16. The upper surface 
of the base member 14 is upwardly and outwardly in 
clined. The lower surface of the base member 14 has 
an annular shoulder 17 seated on and anchored to the 
inturned ?ange 18 of a holder 19 into which the base 
assembly 11 fits and which is bolted to a suitable stand 
20. The upper part of the stand 20 has a pair of trans 
versely spaced mounts 21 between which the chamber 
10 fits and to which the ends of holding straps 22 that 
extend around the upper part of the chamber 10 are se 
cured. 
The base member 14 has an axial bore 23 with its 

lower end counterbored to provide a seat 24 to which 
the ?ange 25 ofa closure 26 is detachably secured. The 
closure 26 has an axial bore 27 through which the de— 
livery tube 13 slidably extends and in which suitable 
seals 28 therefor are incorporated. The closure 26 is 
dimensioned to be a sufficiently free fit so that it and 
the bore 23 define an upwardly opening annular pas 
sageway with a seal 29 below a port 30 extending radi 
ally through the base member 14 and provided with a 
fitting 31 to enable ?exible tubing to be detachably at 
tached thereto to enable the gradient to be introduced 
into the chamber 10, light end ?rst, until the chamber 
10 gradient is fully infused therein. Should the volume 
of the gradient be insufficient, cushioning liquid is 
added to the heavy density end thereof. 
Turning now to the piston assembly 12, it will be 

noted that it includes a piston 32 having a recess 33 
serving as a sample chamber in its upper surface with 
its lower part downwardly and inwardly inclined and an 
upwardly and inwardly inclined recess 34 in its lower 
surface with the recesses interconnected by an axial 
bore 35. The upper end of the bore 35 is counterbored 
to provide a seat 36 for a valve member 37 having a 
downwardly opening axial socket 38 in which the upper 
end of the delivery tube 13 is connected by a spacer 39, 
see FIG. 3, with its upper extremity spaced from the 
upper end of the socket 38 and substantially in the 
plane of the bottom part of the sample chamber 33 
when the valve member 37 is seated. In practice the 
gradient is introduced, light density end first, into the 
chamber 10 with the valve member 37 seated until the 
light end of the gradient starts to ?ow through the tube 
13. ' 

A serrated upper end wall 40 is connected to the pis 
ton 32 by screws 41 extending through tubular spacers 
42 with one screw 41 serving as a pivot for a.lock 43. 
The valve member 37 has its stem 44 connected to a 
rack 45 extending through a hole 66 in the end wall 40, 
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4 
with the connection providing a shoulder 47 engage 
able by the lock 43 when swung inwardly to bring its 
curved end 43A into its position shown in FIG. 4. 
The rack drive 48 is shown as consisting of a pinion 

49 meshing with the teeth of the rack 45 and mounted 
on a shaft 50 rotatably supported within a housing 51 
mounted on the stand 20. A hand wheel 52 is fast on 
a shaft 53 extending into and rotatably supported 
within the housing 51 at right angles to the shaft 50 and 
provided with a worm 54 meshing with a worm gear 55 
fast on the shaft 50. In practice the gearing and the han 
dle provide a reduction ratio of 48:] a reduction which 
enables the operator to accurately control the advance 
of the piston assembly 12. While the rack drive may be 
motor driven, the use of manually operated means is 
preferred. 
The exposed lower end of the delivery tube 13 has, 

see FIG. 5, an annular groove 56 for a keeper 57 de 
tachably attaching a disc 58 to the tube 13. The under 
surface of the disc 58 has holders 59 spaced and ar 
ranged to slidably receive and support the ?ange 60 of 
a fraction-receiving container 61. 

In the preferred use of the density gradient fraction 
ator and with the piston 32 in its upper position and the 
valve member 37 held in its seated position by the lock 
43, a suitable concentration‘density gradient is pumped 
by conventional means, not shown, into the chamber 
10 through its inlet port 30, light density end ?rst. The 
gradient is fully infused when the light density end 
thereof starts to ?ow outwardly through the delivery 
tube 13. If the volume of the gradient is inadequate for 
that purpose, a cushioning liquid is added, as previously 
stated, to the heavy density end of the gradient. The 
inlet is then shut as by applying a clamp to the tubing 
from the gradient pump, not shown. 
Since the valve member 37 of the piston assembly 12 

was initially in its seated position, the sample can be in 
troduced into its chamber 33 either before or after the 
infusion of the gradient chamber. In either case, with 
the gradient chamber 10 infused and a desired volume 
of the sample in the sample chamber 33, the valve 
member 37 is then raised by the handwheel drive in a 
smooth manner to its fully opened position thus en 
abling the sample to ?ow onto the upper surface of the 
gradient. It will be noted, as previously stated, that the 
upper end of the out?ow tube 13 is, when the valve 
member 37 is fully seated, so positioned that the upper 
level of the gradient is substantially in the plane of the 
bottom of the sample chamber 33 thus preventing any 
material disturbance of the gradient when the valve 
member 37 is opened. With the valve member thus 
opened the piston assembly 12 is raised by the hand 
wheel drive a sufficient distance in a smooth manner to 
cause the sample to ?ow downward through the axial 
bore 35 into the annular recess 34 and is thus now in 
contact with and exposed to the entire area of the gra 
dient chamber. 
The fractionator is provided with stirring means gen 

erally indicated at 62 best seen in FIG. 6. The stirrer 62 
is desirably formed from a length of stainless steel wire 
in the approximate range of 0.06 to 0.09 inches in di 
ameter to provide a shank 63 of substantial length, an 
angularly disposed handle 64, and a substantially paral 
lel stirring end 65 that is curved with its radius closely 
approximating the inside diameter of the chamber 10. 
The piston 32 has a shank-receiving bore 66 close to its 
periphery and in vertical alignment with one of the 
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notches 40A of the end wall 40 of the piston assembly 
12. 
The liquid column defined by the two interconnected 

liquid volumes (i.e. sample and fluid density gradient) 
is allowed to set for a sufficient predetermined interval, 
in practice, one hour, to ensure that sedimentation has 
occurred under the in?uence of the earth’s gravity. 
After such sedimentation, common species of organ 
isms originally present in the sample are grouped in 
zones in the form of horizontal, visible layers with the 
positions of the common species being at the depth 
where their density equals that of the density gradient. 
It will be appreciated, accordingly, that all components 
of the sample whose density is encompassed by the 
density range of the gradient will be distributed in such 
zones throughout the gradient. It should be noted that, 
in practice, immediately after the sample has been re 
leased from its chamber, the chamber, the valve, and 
its seat should be brushed to ensure that no compo 
nents of the sample remain on their surface. 
When the sample is a typical marine life sample, the 

particles contained therein may include fish eggs or 
particles of the same density, larvae, and plankton of an 
intermediate density and usually in an amount that is 
relatively large. ' 

In FIG. 6, the zones are shown in which organisms of 
the same density are grouped as visible layers with the 
fish eggs layer or zone indicated at 67, that of the 
plankton at 68, and that of the larvae at 69. 
Because of the fact that the amount of plankton is 

usually relatively large, the layer 68 may and usually 
does form a barrier to the heavier particles or organ 
isms whenever they become mechanically caught and 
thus prevented from reaching the level of the density 
gradient equal to their density to which they would or 
dinarily settle; Lighter particles may also be entrapped 
in the intermediate zone 68. 

It is because of such entrapments that the stirring 
means 62 is provided. In use the stirring end 65 is 

‘ moved to the appropriate level with the stirring end 
against or close to the wall of the chamber 10. The op 
erator then turns the handle 64 first in one direction 
and then the other to cause the stirring end 65 to sweep 
through the gradient in the selected horizontal plane. 
If desired or necessary, other levels may be similarly 
swept to ensure the release of particles trapped at the 
wrong level. 
While the entrapped particles may be thus freed to 

settle or ?oat to the correct levels and thus ensure ac 
curacy in the separation, such sweeping of horizontal 
zones causes convective disturbances that are substan 
tially confined to the swept plane because buoyant 
forces restrict movement of the gradient vertically. 
The fractionating of the gradient is then effected to 

enable each of the species of identical densities to be 
separately recovered, each specie to be recovered in a 
fraction-receiving container 61 detachably attached to 
the bottom end of the discharge tube 13. With the valve 
member 37 returned to its seated closed position, a 
fraction may be removed by carefully advancing the 
piston means 12 downwardly into the gradient chamber 
10 with the tube 13 being correspondingly advanced 
through the bottom of the gradient chamber 10. Liquid 
at the upper end thereof is forced into the upper end 
of said tube then to ?ow by gravity into the fraction 
receiving container 61 attached thereto. As the differ 
ent zones are visible, the operator can determine to 

20 

25 

35 

45 

60 

65 

6 
what extend the piston means must be advanced to ef 
fect the discharge of each iso-dense zone or layer with 
the other zones or layers remaining at rest. As the deliv 
ery tube 13 quickly drains after each incremental ad 
vance of the piston means, the fractions are received 
substantially without one being contaminated by the 
others. Zones whose width correspond to less than 1 
percent the inside diameter of the gradient chamber 10 
can be thus received and such a zone represents about 
one~half of one percent of the gradient volume nor 
mally contained therein. 

It will be appreciated that contributing to accuracy in 
operation is the relationship of the upper end of the de 
livery tube to the bottom of the sample chamber and 
the upwardly and inwardly inclined undersurface of the 
piston. It should also be noted that the piston need not 
be sealed to be liquid tight since the delivery tube pro 
vides adequate pressure relief. 

In order that substantially all of the gradient may be 
removed through the discharge tube 13 it is preferred 
that the bottom of the chamber 10 have an insert 70 
seated therein. The insert 70 has an axial bore 71 
through which the discharge tube 13 slidably extends, 
its upper surface upwardly and inwardly inclined to 
complement the piston surface 34, and its bottom sur 
face formed with an inner downwardly and inwardly 
cavity 72 to fit on the upper end of the closure 26, and 
an outer upwardly inclined surface 73 with spacers 74 
holding the insert 70 so that it and the surface of the an 
nular base member 14 provide an annular, ever 
widening outlet end of the gradient inlet. 

I claim: 
1. A density gradient fractionator comprising a verti 

cal tubular chamber closed at its bottom and dimen 
sioned to receive a predetermined volume of the gradi 
ent and a predetermined volume of a sample, with the 
light density end of the gradient on top, with sedimen 
tation to occur therein in response to the earth’s grav 
ity, piston means reciprocable in said chamber, and a 
discharge tube connected to said piston means and ex 
tending through and slidably sealed with respect to the 
bottom of the chamber with its upper end open provid 
ing an over?ow in the upper end of the chamber 
whereby the advance of the piston means, after sedi 
mentation, forces the gradient and sedimented zones 
into said discharge tube, the lighter density end first. 

2. The density gradient fractionator of claim l and 
means to detachably attach a fraction-receiving con 
tainer to the lower exposed end of the delivery tube. 

3. The density gradient fractionator of claim 2 and a 
drive operable to advance the piston means into the 
chamber. 

4. The density gradient fractionator of claim 3 in 
which the drive includes a gear train and a driving 
member, the gear train providing a substantial reduc 
tion in the travel of the piston means in relation to 
movement of the driving member. 

5. The density gradient fractionator of claim 4 in 
which the driving member is a handwheel. 

6. The density gradient fractionator of claim 1 in 
which the piston means includes a piston having an 
axial port and a valve operable to open and close that 
port and the fractionator also has a chamber for the 
sample above the gradient chamber and placed in com 
munication therewith by said axial port when said valve 
is open, said piston being operable as such when said 
valve is closed. 
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7. The density gradient fractionator of claim 6 and 
means to reciprocate said piston means and including 
an actuating member connected to said valve and said 
piston means to enable said valve to be moved between 
port-opening and port-closing positions relative to said 
piston before initiating movement of said piston in cor 
responding directions in said gradient chamber. 

8. The density gradient fractionator of claim 7 in 
which the discharge tube is connected to the valve. 

9. The density gradient fractionator of claim 7 in 
which the axial port of the piston includes an annular 
seat against which the valve seats and thereby estab 
lishes a driving connection by which the piston is ad 
vanced into the gradient chamber. 

10. The density gradient fractionator of claim 9 in 
which the valve has a downwardly opening socket into 
which the upper end of the discharging tube extends, 
and the discharge tube is connected to the valve to 
move therewith. 

11. The density gradient fractionator of claim 10 in 
which the undersurface of the piston means is upwardly 
and inwardly tapered. 

12. The density gradient fractionator of claim 11 in 
which the bottom of the gradient chamber is upwardly 
and inwardly tapered to complement the undersurface 
of the piston. 

13. The density gradient fractionator of claim 10 in 
which the upper surface of the piston includes a portion 
that is the bottom of the upper chamber and tapers 
downwardly and inwardly to the axial piston port. 

14. The density gradient fractionator of claim 13 in 
which the upper open end of the discharge tube and the 
lowermost part of the upper chamber are substantially 
in the same plane when the valve is seated. 

15. The density gradient fractionator of claim 10 in 
which the upper surface of the piston has a recess that 
is the upper chamber and the bottom of which tapers 
downwardly and inwardly to the axial piston port. 

16. The density gradient fractionator of claim 15 in 
which the piston means includes a cover plate con 
nected to the upper surface of the piston in vertically 
spaced relation thereto and having a port through 
which the actuator extends, the actuator has a shoul 
der, and the piston means includes a lock engageable 
with the shoulder of the actuator when the actuator is 
positioned to seat the valve then to prevent the unseat 
ing thereof. 

17. The density gradient fractionator of claim 16 in 
which the shoulder on the actuator provides a positive 
drive of the piston means away from the chamber with 
the valve unseated allowing the upper and lower reces 
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ses of the piston means to be in communication with 
each other during said movement with the lock conse 
quentially disengaged. 

18. The density gradient fractionator of claim 6 and 
lock means positionable when the valve is in its port 
closing position to prevent its movement towards its 
port-opening position. 

19. The density gradient fractionator of claim 1 in 
which the undersurface of the piston means tapers up 
wardly and inwardly towards the over?ow end of the 
discharge tube. 

20. The density gradient fractionator of claim 1 in 
which the gradient chamber has an inlet in its bottom 
for the introduction of the gradient, less dense end first. 

21. The density gradient fractionator of claim 20 in 
which the inlet for the gradient includes an annular 
portion surrounding the discharge tube and opening 
upwardly into the chamber. 

22. The density gradient fractionator of claim 21 in 
which the bottom of the chamber is upwardly and in— 
wardly inclined and the undersurface of the piston is 
downwardly and outwardly inclined substantially as the 
complement thereof. 

23. The density gradient fractionator of claim 1 in 
which the fractionator includes a sample chamber 
above the gradient chamber and valve means operable 
to place the sample chamber in communication with 
the gradient chamber, the bottom level of the sample 
chamber being substantially in the same plane as said 
over?ow. 

24. The density gradient fractionator of claim 1 and 
vertically adjustable stirring means rotatably supported 
within the chamber including a transversely extending 
stirring portion operable to sweep in a transverse plane, 
a selected zone of the gradient into which particles 
have settled that may include particles of at least one 
other density that belong in a different gradient level. 

25. The density gradient fractionator of claim 24 in 
which the thickness of the stirring portion is in the ap 
proximate range of from 0.06 to 0.09 inches. 

26. The density gradient fractionator of claim 24 in 
which the stirring means includes a shank at the lower 
end of which the stirring portion is located and which 
extends upwardly through the piston adjacent the pe 
riphery thereof at the upper end of which includes a 
manipulator handle. 

27. The density gradient fractionator of claim 26 in 
which the stirring portion is arcuate with a radius 
closely approximating the inside diameter of the cham 
ber. 

***** 


