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(57) Abstract o

An automatic sample feeder system (10) for handling suspended samples is disclosed, and is particularly useful in
connection with a sedimentation particle size analyzer. The system is capable of dispersing a particulate sample into su-
spension without preliminary sample preparation, maintaining a sample in suspension at the time of delivery of the sample
to an analyzer, consistently delivering an acceptable concentration of a suspended sample, and cleaning and flushing its
components between samples to avoid contamination. In the disclosed embodiment, sample beakers are arrayed on a ro- |
tatable tray-(12), and a sample preparation and delivery assembly (15) consisting of an ultrasonic probe (30); a stirrer blade
(75), and a dip tube (85) are indexed into position over the beakers (14) in a preprogrammed sequence, and lowered into
-the beaker (14) for preparation and withdrawal of the sample. The components are rinsed by directing clear liquid back
through the dip tube (85) onto the rotating stirrer blade (75), scattering the liquid. - : :
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1
"AUTOMATIC SAMPLE FEEDER FOR SUSPENDED SAMPLES"

Cross_Reference to Related Application

This application is a continuation-in-part
of U.S. Application Serial No. 125,395, filed
November 25, 1987, entitled "X-RAY PARTICLE SIZE
ANALYZER. " | '

Technical Field L SRt
The present invention relates to devices }
for sequentially feeding samples to an analyzer for

_ testing, and more particularly relates to an apparatus
_:and method for sequentially preparing and feeding

30
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Suspensions of finely divided material to an analyzer
such as a particle size analyzer.

Background Art
In the laboratory, it is often necessary to

carry out a particular type of analysis on a large
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number of similar samples.
goal

Thus, it has long been a
in designing laboratory instrumentation to
automate testing as much as possible and to minimize
human participation and supervision.

One approach to handling multiple samples
has been to equip the analyzer with multiple analysis
stations. A static volume adsorption surface area
analyzer using this technique is shown in U.S. Patent
No. 4,566,326. Another approach has been to conduct
analysis within a container, such as a vial or beaker,
and to move the containers sequentially to an analysis
station which analyzes the sample within the
container. An optical density plasma analyzer using
this technique is shown in U.S. Patent No. 3,607,099.

A third approach to handling multiple
samples has been to withdraw samples from multiple
storage containers and to inject them intd the
analyzer mechanism sequentially. This approach has

been successfully utilized when the sample is in -

solution in a carrier liquid, such that the solution

Patents No. 3,918,913 and 4,622,457 show autosamplers
for 1liquid chromatographs.
patents carry multiple sample vials on turntables
which allow the vials to be indexed individually with
respect to a needle injection mechanism : which
withdraws the sample.
indexing mechanism for moving a sample withdrawal
an array of sample vials to obtain
samples in a programmed sequence.

Generally, mechanisms of the type described

new sample. For example,

Other autosamplers have used an :

the automatic ‘sampler

can be left unattended for long periods and always be -
ready for withdrawal, injection, and analysis.” U.S. "~ -

The autosamplers of these --

~permit flushing of the interior of the sampling lines -
:  to wash out the previous sample before exposure to a
0 35:=--

s
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mechanism shown in U.S. Patent No. 4,478,095 has a
flush solvent mechanism which is associated with the
sampling needle syringe so that flush solvent and not
sample is always in the syringe. Exterior washing of
the sampling needle has also been provided in similar
systems.

Although the above autosampling systems
have worked well handling solutions, particular
problems associated with suspensions of fine powders
have prevented the use of similar devices in
connection with sedimentation particle size analyzers
and other systems which analyze suspensions.
Measuring particle size distributions accurately
requires that in a representative sample each and
every grain be separated from all others so that the
contribution of all grains can be assessed.
Dispersing the particles of a powder is most reliably
accomplished by mixing the powder in a liquid. Often,
surfactants and wetting agénts must be added, and the
liquid vigorously agitated. Once complete suspension
of the particles is accomplished, this state must be
maintained up to the start of sedimentation to obtain
accurate results.

Studies have concluded that ultrasonic

treatment with simultaneous stirring produces’ “an
acceptable dispersion of many powders in typical
dispersing liquids. One practice in preparing samples

for particle size analysis has been initially to place
a beaker containing the sample and liquid onto an
elevator which raises the beaker to immerse an ultra-
sonic probe into the 1liquid. The ultrasonic vibra-
tions assist in breaking up agglomerations of the
particles. Then the particles have been dispersed by
inserting a rotating stirring blade or by
recirculating the mixture with a pump after position-
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ing the beaker into the analyzer. By handling the
sample beakers individually and using them. as the
sample reservoir in the analyzer, it has been assured

. that the concentration of particles is correct for
analysis and that no agglomerations of particles are
present.

Thus, conventional procedures for supplying

suspended samples to analyzers require a great deal of

10 operator involvement. The autosampler concept has not

been used because samples left in a tray for extended

periods can settle out of suspension and even re-

~ agglomerate. sSedimentation particle size analysis may

take from about ten minutes to over one hour depending

on the degree of detail desired. Therefore, the last

samples transferred by a feeder might have been 1left
unattended for several hours.

Thus a major problem with adapting a con-
ventional autosampling device for Suspensions would be
that the device could not establish complete suspen-
sion of the sample prior to transfer to the analyzer.
Nor could it assure that an acceptable concentration -
of sample per volume of dispersing liquid would be

| transferred following a period of settling in the °

_ beaker. Thus, there has been a need in the art for a

- 77 sequential sample feeder for suspended samples with --
the ability to assure that the samples are fully
suspended at the time of transfer to the analyzer.

15

20

Summary of the Invention S
The present invention solves the above
problems in the art by providing an automatic sample
feeder that can reliably deliver suspended samples to
an analyzer. This is accomplished by providing a
) system for assuring that the sample is suspended in a-
15 dispersing liquid at the time the sample is - trans- -

30
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- ferred to the analyzer.

Generally described, the present invention
provides an apparatus and method for feeding suspended
particulate samples to an analyzer according to which
a plurality of samples are stored in containers in
dispersing liquid, the samples are sequentially deliv-
ered to the analyzer, and the samples are maintained
in suspension in the dispersing liquid when the sam-
ples are delivered to the analyzer.

More particularly described, the sample
feeding apparatus can include a plurality of sample
containers for storing particulate samples and liquid
in which each particulate sample is to be suspended;
and sample preparation and delivery means responsive
to a first signal from the analyzer for suspending a
first sample in a first one of the containers in the
liquid and for delivering a volume of the first sample
from the first container to the analyzer while the
first sample is being maintained in suspension, and
responsive to a second signal from the analyzer for
suspending a second sample in a second one of the
containers in the liquid and for delivering a - volume
of the second sample from the second container to the
analyzer while the second sample is being maintained

10

15

20

25 in suspension. _ oEmvomln

. The sample preparation and éelivery means
preferably comprises an assembly for agitating ‘and
'withdrawing the sample, the assembly being dimensioned

to fit into the containers; and means for inserting

30 and withdrawing the assembly from the containers
responsive to the signals from the analyzer. The

sample agitation and withdrawal assembly can include a

stirring blade, an ultrasonic probe, and a fluid

.. delivery line. An apparatus can be provided to ' move

:; 35 . the assembly and the plurality of containers relative
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to one another and to insert the stirring blade,
ultrasonic probe and delivery line into the containers
responsive to the signals from the analyzer.

The invention also preferably provides a
means for cleaning one sample from the sample prepara-
tion and delivery means prior to contact with the next
sample. This may be accomplished by directing fluid
back through the delivery line onto the rotating
stirrer blade, which effectively sprays the fluid onto
the surrounding components to rinse them. The fluid
also flushes the interior of the line before hitting
the stirrer blade. This cleaning system may be uti-
lized in connection with dissolved samples as well as
suspended samples.

The invention also provides a method of
delivering suspended particulate samples  to an-
analyzer, comprising the steps of placing the samples

and a suspending liquid into a plurality of “sample -~

containers, responsive to a first signal from the
analyzer, suspending a first sample in a first one of

the containers in the liquid, and delivering the =" -~7

- Suspended first sample to the analyzer; and, respon;"
Sive to a second signal from the analyzer, suspending :
a second sample in a second one of the containers “‘inm -

the liquid, and delivering the suspended second’sampre‘4

j to the analyzer. The step of suspending the sample =

comprises agitating the sample in the 1liquid with-

~ ultrasonic vibrations emanating from an ultrasonic*l

probe and with a stirring element. The method may --
include a rinsing step of scattering fluid directed
into the container with the stirring element.

Thus, it is an object of the present inven-

 tien to provide an automatic feeder apparatus and

method for an analyzer requiring suspended samples.
It is a further object of the present
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invention to provide an automatic feeder system capa-
ble of maintaining a sample in suspension at the time
the sample is delivered to an analyzer.

It 1is a further object of the present
invention to provide an automatic feeder system capa-
ble of consistently delivering an acceptable concen-
tration of a suspended sample to an analyzer.

It 1is a further object of the present
invention to provide an automatic feeder system for
delivering samples sequentially to an analyzer without
contamination of a subsequent sample by a previous
sample.

It 1is a further object of the present
invention to provide an automatic feeder system for
suspensions of particles which can disperse the parti-
cles without need for preliminary sample preparation.

It 1is a further object of the present
invention to provide a sequential sample feeder system
adapted for use with a sedimentation particle size
analyzer.

Other objects, features, and advantages of

the present invention will become apparent upen read-

ing the following detailed description of embodiments
of the invention, when taken in conjunction with - the
accompanying drawing and the appended claims. *°°~

Brief Description of the Drawing i e o

Fig. 1 is a pictorial view of an automatic

sample feeding apparatus embodying the present inven-

tien.

Fig. 2 is a side view of the apparatus of
Fig. 1, showing the rotatable tray and base in cross
section.

Fig. 3 is a rear view of the sample prepa—

ration and delivery assembly.
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"I7 of an analyzer, such as a sedimentation particler
‘size analyzer. The sequence of operation of the;
feeding apparatus 10 is controlied by a EEeder‘gomput-,

Fig. 4 is a partial top view of the
apparatus of Fig. 1.

Fig. 5 is a bottom plan view of the stirrer
blade.

Fig. 6 is a schematic diagram showing the
interconnection of the Sample preparation and delivery
assembly with a particle size analyzer.

Fig. 7 is a schematic diagram of the elec-
trical contrel circuit for the sample feeding
apparatus. _

' Fig. 8 is a schematic flow chart of the
operation of the sample feeding apparatus.

Detailed Description

Referring now in more detail to the draw-
ing, in which 1like Dumerals refer to 1like parts

throughout the Several views, Fig. 1 shows an automat-

ic sample feeding apparatus 10, which can be intercon-
‘nected to deliver samples to an analyzer in the manner
shown 1in Fig. s. Generally described, the feeding
apparatus 10 includes a rotatable tray 12 on which'aré
carried ap array of beakers 14 containing various

* ‘samples to be analyzed, and a sample preparation and

délivery assembly 15 which Sequentially prepares and
extracts the samples and sends them to a mixing vessel

egizo, which communicates with an analyzer computer«ZZ'

- for coordination of sample feeding with the analysis
- of " samples by the analyzer. The Present invention is

particularly suitable for use with an x-ray particle
size analyzer of the type disclosed in u.s.
Aﬁplication Serial No. 125,395, which is incorgdtated'
herein by reference in its entirety. - -
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As shown in Figs. 1, 2 and 4, the rotatable
tray 12 is mounted for rotation on a base 25. A tray
drive motor 26 is positioned under the center of the
base 25. A cylindrical drive member 28 is drivingly
connected to the motor 26, and projects through an
opening in the base defined by a circular sealing
gasket 30. The tray 12 includes a top plate 35, which
defines a plurality of beaker openings 36, preferably
arranged in two concentric circles of nine openings
each. A small central opening 38 is defined in the
top plate 35, and a locator pin 39 extends downwardly
from the underside of the plate 35 adjacent to the
opening 38.

When the tray 12 is placed on the base 25,
the top plate 35 rests on the cylindrical drive mem-
ber 28. The locator pin 39 is inserted into a locator
bore 40 in the drive member 28, and a lock nut 41
having an enlarged knob is inserted through the open-
ing 38 into a threaded opening 42 defined in the
center of the drive member 28. Together, the lock nut

41 and locator pin 39 assure that the tray 12 is

always positioned in the same orientation with respect
to the drive member 28. This allows the sample prepa-
ration and delivery assembly .15 to find any of the -
beaker openings in the manner described below. -~ - ° ~%°
The rotatable tray 12 further includes a

~ cylindrical wall 45 extending downwardly from the top

30

35

plate 35 just inside the inner circle of beaker open-
ings. An annular bottom plate 46 is attached to the
bottom of the cylindrical wall 45 and extends under
the beakers 14. A plurality of bearings 47,
preferably buttons made of Nylon, Teflon, or the like,
are attached to the base 25 under the bottom plate 46.
The bearings 47 reduce friction as the tray 12 is
rotated over the base 25 by the drive member 28. -
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Also projecting downwardly from the top
plate 35 of the tray 12 are a plurality of pins 48,
forming a circle in the space between the cylindrical
wall 45 and the drive member 28. Each pin 48 is
aligned radially with one of the beaker openings 36
in the top tray. The pins pass between a photocell
transmitter (or transmitter/receiver) 50 and a photo-
cell receiver (or reflector) 51, which are both
mounted on the base 25 within the cylindrical wall 45.
The photocell components 50 and 51 are connected to
the feeder computer 20 and provide information relat-
ing to the position of the tray 12.

The sample preparation and delivery
assembly 15 is shown in Figs. 1-4. A pair of vertical
guide rods 55 and 56 are mounted to the base 25
adjacent to the periphery of the tray 12. An elevator
block 58 is slidably mounted on the guide rods - for

- vertical movement, which is accomplished by a'uariﬁe
 screw 60 that is vertically threaded through the
elevator block 58. A reversible vertical drive motor
61 positioned on the base between the guide rods - 55 - - °
and 56 is drivingly connected to the drive screw‘so so~ -
. ' as to cause the drive screw 60 to rotate, which -~ im ----
) | ‘turn causes the elevator block 58 to move up or- down";“
. 25 the drive screw. The travel of the elevator block 58 @ -°°°
. is restricted by an upper limit switch 62 and a lower
>-limit switch 63, both mounted on the guide rodh 56.

10

15

20

Upon engagement of either switch 62 or 63 by ~the - - ° &%

~elevator block, a signal is provided to the- feeder

30 computer 20, which shuts down the motor 61.
A pair of horizontal guide rods 65 and 66
extend from the elevator block 58 toward the center of
- the tray 12, as best shown in Fig. 4. The horizontal
, | guide rods terminate at a position inside the “inner -
";Vﬂﬁ,jsf'circle of beaker openings 36. A movable platform - 6¢
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is slidably mounted on the horizontal guide rods. The
platform 68 is moved by a horizontal drive screw 70
that is fixedly attached to the platform. The drive
screw 70 passes through an opening in the elevator
block and is threaded through a drive nut (not shown)
associated with a horizontal drive motor 71 mounted on
the elevator block 58. When the motor 71 operates,
the drive nut revolves in conventional fashion and
causes the drive screw 70 to be drawn through the
motor 71 in either direction, thereby moving the
platform 68.

Movement of the platform 68 1is restricted
by an outer limit switch 72 and an inner limit switch
73, which may be mounted on the outer and inner edges
of the platform 68. When the platform reaches the
elevator block in its outward travel or a stop 67 at
the end of the guide rod 65, the appropriate limit
switch is engaged, and a signal is provided to the
feeder computer 20, which shuts down the motor 71.

B As best shown in Fig. 2, a shaft 74 extends
downwardly from the platform 68 and terminates in a-
horizontally orientated stirrer blade 75. The length

of the shaft 74 is selected so that the blade 75 is -

above the top of the beakers 14 when the elevator -
block is raised to its uppermost position, and so that
the blade can be lowered near the bottom of the '~

beakers. The shape of the stirrer blade 75 1is shown

- in PFig. 5. The blade has a generally circular

30

35 tTE

- periphery interrupted by several cutouts 76 extending

about half the radius of the blade toward the center -
of the blade. A stirrer motor 77 is mounted on the
platform 68. The shaft 74 extends through an opening
in the platform 68 and is rotated by the motor 77, to -
which the shaft is drivingly connected. cT
. Also extending downwardly through an open-
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- ing in the platform 68 is an ultrasonic probe 80. The
probe 80 is positioned adjacent to the shaft 74 and
terminates slightly above the stirrer blade 75. The
vibrating probe 80 is driven by an ultrasonic driver
81 supported by a housing 82 which is mounted on the
platform 68. A conventional ultrasound controller 83,
shown diagrammatically in Fig. 7, is utilized to
operate the probe 80.
10 The final element of the sample preparation
and delivery assembly 15 is a dip tube or fluid deliv-
ery line 85. The tube 85 may be formed of suitable
plastic or other material. It is passed from the top
of the platform 68 through an opening 86, and extends
downwardly alongside the stirrer shaft 74. The fluid
tube terminates above the stirrer blade 75, such that
fluid pumped through the tube 85 into a beaker will o
strike the stirrer blade 75. o '
- , A reversible peristaltic feeder pump 88 is
- mounted on the base 25 adjacent to the sample prepara- -
tion and delivery assembly 15. The delivery tube 85
: .-, . --passes through the pump 88 and extends to a connection =-
- -~ : - Mith the mixing assembly of the particle - size -
analyzer, as shown in Fig. 6 and described below-.- : .
An electrical circuit for controlling the
automatic feeding apparatus 10 is shown in Fig. 7 °
-.: : - -The feeder computer 20 includes a programmable micro--- °-
©::r. ~ Pprocessor that can be programmed by a programmer of -
.- ordinary skill in the art to carry out the functions
ce e - and steps described herein. Through a conventional:~-
---30  interface 21, the feeder computer 20 can communicate
with and be controlled by the analyzer computer 22.
The feeder computer receives input signals from the
limit switches 62, 63, 72, and 73, and from the photo-

15

(]

v:.-~-_-.. detector 50,51. Control signals are transmitted from
i ---z- 35 the computer 20 to the vertical drive motor 61, the =--°
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horizontal drive motor 71, the turntable motor 26, the
stirrer motor 77, the ultrasound controller 83, and
the feeder pump 88. The latter components also are
connected to a conventional power supply 89.

The liquid interface noted above between
the feeding apparatus 10 and the analyzer |is
accomplished by connecting the delivery tube 85 to a
tube 92 which recirculates liquid and/or suspended
sample contained in the mixing chamber 17 of the
analyzer. A peristaltic mixing pump 90 is located
along the tube 92, which also includes a liquid supply
valve 96 upstream of the pump 90 operable <to connect
the tube 92 to a supply of clear liquid from a reser-
voir 95, and a waste valve 97 operable to direct flow
through the tube 92 to waste. These components and
their operation are described in detail in the above-
referenced Application Serial No. 125,39s5. The
junction of the tube 85 with the tube 92 is between
the pump 90 and the supply valve 96, and need not be
valved because the pump 90 can act as a valve as
described below. R

Operation of the automatic feeder apparatus
10 under the control of the computers 20 and 22 is

carried out according to a sequence shown diagrammati-
.- cally in Fig. 8. Prior to the initiation of - opera-

tion, a plurality of samples 98 are placed with a
dispersing liquid into a plurality of beakers 14.-- The
beakers 14 are then placed into the openings 36 in the
tray 12, and information identifying the sample’ and
its location in the tray 12 is input into data storage
associated with the analyzer computer 22. Information
relating to the duration of ultrasonic treatment and
high speed stirring may also be entered for each
sample. Operation of the ultrasound probe may omitted

- entirely 1f not required to suspend the particular
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sample. The tray 12 is placed onto the drive member
28 with the locator pin 39 in the locator opening 40,
and the motor 26 is reset to place the drive member 28
in a known starting orientation.

Referring to Fig. 8, at the beginning of a
series of sample analyses, the analyzer computer sends
a signal to the feeder computer requesting preparation
of a particular sample. The feeder computer operates
the tray drive motor 26 to position the beaker opening
36 in which the sample has been placed in radial
alignment with the path of horizontal travel of the

- platform 68. Rotational indexing of the tray 12 is

accomplished by counting the pPins 48 which pass the
photodetector 50,51 as the tray 12 moves. The comput-
er also operates the horizontal drive motor 71 to
extend or retract the platform &8 until the sample

~ breparation and delivery assembly 1is positioned

20

'f below the surface of liquid in the beaker, as noted in

'  '25

directly above the desired beaker 14. The vertical

drive motor 61 is then operated to lower the stirrer
blade 75, ultrasonic probe 80, and delivery tube 85

Block 3 of Fig. 8. -

At this time the ultrasonic probe 80 is
operated for a selected time, such as 2- 3 minutes to

high speed to vigorously agitate the sample within the

.dispersing 1liquid. After 1-2 minutes, the stirrer

.. Speed may be reduced to a moderate speed adequate - to

30

. maintain the sample in suspension. The times of

operation of the probe 80 and the stirrer 75 may be
made programmable from the console of the analyzer
computer 22, to permit adjustment depending upon the
requirements of each sample.

A - As noted in Blocks 6-8 of Fig.- 8, when the

. break up agglomerations of the sample particles.

- Simultaneously, the stirrer motor 77 is operated at
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analyzer mixing chamber 17 is ready for the new sus-
pended sample, the mixing pump 90 is stopped, the
valves 96 and 97 are closed, and a signal is trans-
mitted from the computer 22 to the computer 20 to
request delivery of the sample. The feeder pump 88 is
then operated in a forward direction to withdraw
suspended sample from the beaker 14 and pump the
sample along the tube 85, into and along the tube 92
in the upstream direction opposite to flow caused by
the pump 90, through the valve 96, and into the mixing
vessel 17. The rollers of the mixing pump 90 occlude
the tube 92 and therefore prevent any of the suspen-
sion from entering the downstream leg of the tube 92.
The pump 88 is operated for a set time
sufficient to pump a known volume of suspension to the

mixing vessel, based upon the known characteristics of

the pump 88. After delivery of the sample suspension,

the pump 88 is stopped and the mixing pump 90 is

unlocked to enable it to perform its normal function
in maintaining the sample in suspension in the mixing

vessel. A signal is sent to the analyzer computer 22

that transfer of the sample is complete.
Referring now to Block 11 of Fig. 8, the
computer memory is checked to determine whether - the

-data input for the sample just transferred includes a -
request for a repeat analysis. If so, the sequence

returns to Block 6. When another ready signal is

received from the analyzer computer 22, the pump 90 is

stopped, the valves are closed, and the transfer
proceeds as described above. It should be noted that
the stirrer has continued to operate within the beaker
at a moderate speed to maintain the sample in suspen-
sion.

If no repeat analysis has been requested,

the sequence of operation proceeds to Block 12-15, - -

t
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icant, because the X-ray detection system wused in *°
~sedimentation particle size analyzers is only accurate'

25

70

~ for analysis, the motors 26 and 71 are again operated -
to position the sample preparation and delivery assem-
- :bly 15 over the next sample beaker 14 in the sequence
“:stored in the computer memory, as noted in. ‘Block 19 of "

~--35 _

16 PCT/US89/00566

according to which the delivery tube is flushed and
the components that have been lowered into the beaker
are rinsed to minimize contamination of the next
sample. First, the mixing pump 90 is again stopped at
an appropriate time ~during normal operation of the
analyzer to block the tube 92. Then the liquid supply
valve 96 is opened to the reservoir 95. The platform
68 is raised by operation of the motor 61 until the
stirrer blade is above the surface of the liquid in
the beaker, but still within the walls of the beaker.
At the same time the feeder pump 88 is operated in
reverse to draw clear 1liquid from the reservoir 95
through the tube 92, into the tube 85, and to direct a
stream of liquid onto the still rotating stirrer blade
75. The blade breaks up the incoming stream of liquid

and flings droplets onto the components within the

beaker, effectively rinsing off most of the suspension :

clinging to them.
It is not necessary to rinse off all of the

prior sample since it has been shown that the rinsing

process Jjust described results in only about 0.1%

to plus or minus 0.25%. o

After the pump has operated in reverse to
supply about 50 ml of rinsing liquid back into ~ the

. beaker, the stirrer motor 77 is stopped, and the motor -~
61 1is operated to raise the stirrer blade, delivery -

tube, and ultrasonic probe completely out of the -

beaker. 1If there are more samples to be transferred

car

o
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Fig. 8. The operational sequence returns to Block 3
of Fig. 8, and the motor 61 is operated to lower the
assembly into the beaker. Operation then continues as
described above until all the samples identified in

-the computer memory have been analyzed.

As described in Application Serial No.
125,395, the particle size analyzer conducts tests
prior to each run to assure that the sample in the
test cell has the correct concentration, is fully
suspended, and is free of bubbles. If enough time is
available for preparation of the next sample during
the x-ray scanning of the sample in the analyzer, it
would be possible to program the computers to delay
moving the sample preparation and delivery assembly to
the next sample beaker until the above-described tests
were performed. If the suspension was rejected by the
analyzer, the ultrasonic probe and stirrer could be
operated again to attempt to overcome any problem with
agglomeration of the sample, and a new supply of the
sample could be delivered to the mixing vessel 17.

It will be understood by those skilled in

, the art that the disclosed embodiment could be ~modi-

25

fied so that, rather than initially dispersing the

sample just before transfer to the analyzerjA“the'
. device could receive an already dispersed sample and
_ either maintain it in suspension or re-disperse it

.prior to transfer, and still be within the broad

10

35 .

concept of the present invention.
From the foregoing it will be understood

that the present invention provides an automatic

sample feeder system capable of maintaining a sample
in suspension at the time of delivery of the sample to
an analyzer. The system is also capable of dispersing

@ particulate sample into suspension without prelimi-

nary sample preparation, consistently delivering an
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acceptable concentration of a Suspended sample, and
cleaning and flushing its components between samples
to avoid contamination.

While this invention has been described in
detail with particular reference to preferred embodi-
ments thereof, it will be understood that variations
and modifications can be effected within the spirit
and scope of the invention as described hereinbefore
and as defined in the appended claims.
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Claims

1. An apparatus for feeding particulate
samples to an analyzer, comprising:

a plurality of sample containers for
storing particulate samples and ligquid in
which said particulate is to be suspended;
and

sample preparation and delivery
means responsive to a first signal from said
analyzer for suspending a first sample in a
first one of said containers in said liquid
and for removing a volume of said first
sample from said first container and
delivering said volume of said first sample
to said analyzer while said first sample is
being maintained in suspension in said first
sample container, and responsive to a second
signal from said analyzer for suspending a
second 'sample in a second one of said
containers in said liquid and for removing a
volume of said second sample from said second
container and delivering said volume of said
second sample to said analyzer while said
second sample 1is being maintained in

suspension in said second sample container.
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2. The apparatus of Claim 1, wherein
said sample preparation and delivery means
further compriseé means for cleaning said
first sample from said sample preparation and
delivery means prior to contact with said

second sample.

3. The apparatus of Claim 1, wherein
sald sample preparation and delivery means
comprises an assembly of means for agitating
and withdrawing said sample, said assembly
being dimensioned to fit into said
containers; and means for inserting and
withdrawing said assembly from said
containers responsive to said signals from

said analyzer.

4. The apparatus of Claim 1, wherein
said sample preparation and delivery means
includes:

a sample preparation and delivery
assembly including a stirring blade, an

ultrasonic probe, and a fluid delivery 1line;

and

Y
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means for moving said sample

preparation and delivery assembly and said
plurality of containers relative to one

another for inse;:ting said stirring blade,

5 ultrasonic probe and delivery line into said
containers responsive to said signals from

said analyzer.

5. The apparatus of Claim 4, wherein
10 said stirring blade, ultrasonic probe and
delivery line are mounted on a common,

movable frame.

6. The apparatus of Claim 4, wherein

15 said delivery line is mounted above said
stirring blade, and further comprising means
associated with said delivery 1line for
selectively directing clear liguid onto said

stirring blade while said blade is rotating,

20 whereby said clear liquid is scattered about
said container, rinsing said stirring blade,

ultrasonic probe and delivery line.

7. The apparatus of Claim 5, wherein
25 said containers are mounted on a movable

tray, and further comprising means for moving
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said tray to place a selected container under

said movable frame.

8. A methoé of providing particulate
samples to an analyzer, comprising the steps
of:

placing said samples and a
suspending liquid into a plurality of sample
containers;

responsive to a first signal from
said analyzer, suspending a first sample in a
first one of said containers in said liquid;

maintaining the first sample in
uniform suspension;

removing a volume of said suspended
first sample from said first éontainer and
delivering said suspended first sample to
said analyzer;

responsive to a second signal from
said analyzer, suspending a second sample in
a second one of said containers in said
liquid;

maintaining the second sample in
uniform suspension; and

removing a volume of said suspended

second sample from said second container and

=
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delivering said suspended second sample to

said analyzer.

9. The method of Claim 8, wherein said
steps of suspending said sample comprises
agitating said sample in said ligquid with
ultrasonic vibrations enaminating from an

ultrasonic probe and with a stirring element.

10. The method of Claim 9, further

comprising rinsing said stirring element and

ultrasonic probe with said liquid prior to

suspending said second sample.

11. The method of Claim 10, wherein said
step of rinsing said stirring element and
ultrasonic probe comprises directing clear
liquid through a fluid line into said first
sample container while said stirring element
and ultrasonic probe are positioned -within
said first sample container and while said

stirring element is rotating.

12. The method of Claim 11, wherein said
rinsing step includes scattering said fluid

directed into said container through said
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fluid line with said stirring element.

13. The methqd of Claim 8, wherein said
steps of suspending and delivering said
sample each comprise inserting said
ultrasonic probe, said stirring element and a
fluid line into said first or second sample
container, agitating said sample with said
probe and said stirring element, and

withdrawing said sample through said fluid

line.

14, A sample preparation and
delivery apparatus for delivering a sample to
an analyzer, comprising:

a container of said sample;

a stirring blade; '

a2 fluid delivery line
positioned above said stirring blade; and

means associated with said
delivery line for selectively directing clear
liquid onto said stirring blade, whereby said
ligquid is scattered about said container,

rinsing said stirring blade and delivery
line.

24

23
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WAIT FOR SIGNAL FROM
ANALYZER TO PREPARE
FIRST SAMPLE

MOVE SAMPLE PREPARATION
ASSEMBLY TO FIRST
STORED BEAKER POSITION -

LOWER ASSEMBLY TO
BOTTOM OF BEAKER

ACTIVATE ULTRASOUND AND
STIRRER AT HIGH SPEED
FOR SET TIMES

REDUCE STIRRER SPEED

WAIT FOR DELIVER SAMPLE
SIGNAL FROM ANALYZER

CLOSE LIQUID SUPPLY
VALVE AND WASTE VALVE

STOP ANALYZER MIXING
PUMP

RUN FEEDER PUMP FORWARD
FOR A SET TIME TO SEND
SAMPLE TO ANALYZER AND
SEND SIGNAL TO ANALYZER

.{ UNLOCK MIXING PUMP

'TO BLOCK 11

C e ey
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FROM BLOCK 10

IS A REPEAT TEST OF THE
SAME SAMPLE REQUIRED?

<]

12.

13.

14,

15.

16.

17.

18.

IYES NO

STOP MIXING PUMP AT
APPROPRIATE TIME IN
ANALYZER OPERATION

OPEN LIQUID SUPPLY
VALVE

RAISE ASSEMBLY ABOVE
LIQUID SURFACE IN
BEAKER

OPERATE FEEDER PUMP IN
REVERSE FOR RINSE TIME

STOP STIRRER MOTOR

RAISE ASSEMBLY OUT OF
BEAKER

HAVE ALL SAMPLES BEEN

ANALYZED?
NO

END

19.

MOVE TO NEXT STORED
BEAKER POSITION
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