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[57] ABSTRACT 

An abrasive reservoir is provided with an internal ven 
turi tube arranged to establish a recirculating stream 
of pressurized gas and abrasive. Provision is made for 
diverting a portion of the abrasive laden gas, with a 
controllable valve interposed in the delivery line. 

9 Claims, 1 Drawing Figure 
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GAS-ABRASIVE MIXING AND FEEDING DEVICE 

This invention relates to equipment for mixing or in 
corporating abrasive particles into a gas stream and for 
delivery of the mixture to a suitable nozzle from which 
it escapes as a high velocity jet. 
This general type of equipment is known, but the 

known forms of equipment have limitations, especially 
with respect to uniformity and accuracy of control over 
the ratio of abrasive to the pressurized gaseous carrier 
medium. Moreover, at least most of the prior systems 
employ a controllable shut-off valve so arranged in the 
system that the response to the action of the shut-off 
valve, both when opened as well as when closed, has an 
undesirable time delay factor. 

It is a general objective of the present invention to 
provide a mixing and feeding system overcoming the 
disadvantages of prior art systems and also achieving 
other advantages as will further appear. In conse 
quence the system of the present invention is well 
adapted to many uses for which other systems are not 
well suited. This is particularly true in connection with 
delicate dental operations including abrasive jet etch 
ing as described hereinafter, and also in many industrial 
applications, such as resistor trimming and the heatless, 
shockless cutting ofa wide variety of hard, brittle mate 
rials such as germanium, silicon, mica, glass, fragile 
crystals, ceramics and the like. 
For any of the purposes referred to it is of great im 

portance that the quantity of abrasive particles carried 
by the gaseous medium be uniform and be capable of 
accurate regulation. It is therefor an important objec 
tive of the present invention to provide for uniformity 
of feed of the abrasive particles and also for accurate 
control thereof. These characteristics of the equipment 
provided by the present invention make possible use of 
the present equipment for a much broader range of 
purposes and applications than has been practicable 
with prior known systems. 

It is also an object of the invention to provide a con 
trol system which operates to start and stop the delivery 
of abrasive without any appreciable time delay. 
Another objective of the invention is to eliminate the 

spurting and erratic flow of abrasive into the gaseous 
carrier medium which has been characteristic of vari 
ous prior systems, particularly where the prior system 
depends upon a single, low velocity tube for feeding the 
abrasive into the gaseous carrier medium. 

It is also an object of the invention to eliminate the 
use of vibrators, selenium rectifiers, rheostats, electric 
wiring, etc., as used and required by many prior art sys 
tems. In contrast, the system of the present invention 
is simple and reliable and readily adjusted. 
How the foregoing and other objects and advantages 

are attained will appear more clearly from the follow 
ing description referring to the accompanying drawing 
in which the single FIGURE is a somewhat diagram 
matic view of equipment conforming with the present 
invention, certain parts being shown in section for con 
venience of illustration. 

In the drawing, a receptacle indicated at l constitutes 
a reservoir for abrasive particles, the receptacle having 
a generally conical bottom end having a top wall indi 
cated at 2 with a removable closure 3 threaded on the 
spout 4, with interposition of a sealing gasket 5. In a 
typical embodiment, the receptacle 1 may be cylindri 
cal and from about 2 to 6 inches in diameter, and the 
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2 
body or charge of abrasive particles introduced will ini 
tially fill the receptacle to a level such as indicated at 
6. 
Although the system may be operated on any of a va 

riety of pressurized gases, such as air, CO2 or other 
chemically inert gases, dry air is most convenient and 
for most purposes is preferred. A compressed air sup 
ply line is indicated in the drawing at 7, this line having 
a shut-off valve 8 therein which, as will further appear, 
is normally in the open position during intervals when 
the equipment is to be employed. The compressed air 
supply line is provided with 2 branches indicated at 9 
and 10, the branch 9 being extended for connection 
with a pressure chamber 11 in the form of a cup con 
nected with a lower end of the receptacle 1 at the apex 
of the conical bottom wall. 
A venturi tube 12 is positioned within the receptacle 

1 and has its lower or inlet end downwardly open for 
connection with the pressure chamber 11. A nozzle 13 
formed centrally of disc 14 is positioned so as to deliver 
a stream of compressed air into the throat of the ven 
turi tube 12. The nozzle 13 and disc 14 are desirably 
formed of rubber and the nozzle is preferably automati 
cally collapsable so as to close across the passage from 
the pressure chamber 11 into the venturi tube at times 
when the abrasive stream is shut off. This closure of the 
nozzle 13 prevents undesired downward flow of abra 
sive particles from the venturi tube into the chamber 
11. I 

The inlet end of the venturi tube is provided with a 
series of apertures or ports 15 connecting with the sur 
rounding space within the receptacle 1 and thus com 
municating with the mass or reservoir of the abrasive 
particles within the receptacle 1. 1 
At its upper or discharge end, the venturi tube 12 is 

provided with a series of apertures or ports 16 also 
communicating with the interior of the receptacle 1, 
for a purpose to be explained more fully hereinafter. 
An abrasive delivery connection 17 is connected with 

the upper end of the venturi tube 12 and is extended 
exteriorly of the receptacle 1. The connection 17 is 
adapted to communicate with the ?exible tube 18 
through the controllable shut-off valve 19. The free end 
of the tube 18 is provided with a discharge or jet nozzle 
20 formed, for example, of tungsten carbide for wear 
resistance. 
The branch 10 of the compressed gas supply line is 

extended for connection with the upper end of the ven 
turi tube 16 adjacent to the point of connection of the 
delivery line 17. This branch 10 is provided with a con 
trollable or variable choke valve 21. Each of branch 
lines 9 and 10 is provided with an automatic check 
valve 22 oriented to prevent flow from the abrasive res 
ervoir back toward the compressed air supply line. 

In a typical operation of the equipment just de 
scribed, the compressed air supply line 7 delivers air 
under pressure through the branches 9 and 10 when the 
valve 8 has been open and this establishes a pressurized 
condition throughout the system. When the controlla 
ble valve 19 is opened, for instance by means ofa foot 
operated or other remote control device of known 
kind, an abrasive laden air stream flows from the deliv 
ery line 17 through the valve and through the ?exible 
connection 18 to be discharged in the form of a jet 
from the nozzle 20. The adjustable choke valve 21 
serves to deliver more or less abrasive free air from the 
branch 10 to the delivery connection 17. If this valve 
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21 is placed in the full open position, the quantity of 
abrasive particles carried by the air stream will be at a 
minimum. Complete closure of the adjustable choke 
valve 21 will shut off the direct flow of air from branch 
10 to the delivery connection 17 and all of the air 
reaching the delivery connection 17 will then flow 
through the branch 9 and through the venturi tube 12. 
This will deliver the maximum quantity of abrasive with 
the air. 
Because of the presence of the ports 15 through the 

wall of the inlet end of the venturi tube, abrasive parti 
cles will be drawn into the venturi tube through those 
ports and will thus be incorporated in the air stream. 
The presence of the ports 16 through the wall of the 
outlet end portion of th venturi tube results in flow of 
both air and abrasive particles from the venturi tube 
back into the abrasive reservoir. This produces a recir~ 
culation of air and abrasive within the receptacle 1. 
This recirculation occurs only when the controllable 
delivery valve 19 is open. At times when that valve is 
closed, the system remains pressurized, but no circula 
tion occurs. The circulation will occur with any adjust 
ment of the choke valve 21, although the volume of the 
recirculation will increase with decrease in the opening 
of the choke valve and will decrease with increase in 
the opening of the choke valve. 
The recirculation of the air stream and abrasive 

above referred to produces a turbulence within the res 
ervoir and this turbulence results in uniformity of the 
abrasive mixture delivered through the valve 19 to the 
nozzle. In effect, when the controllable delivery valve 
19 is open, a portion of the recirculating abrasive laden 
air is diverted from the path of recirculation and deliv 

' ered to the discharge or jet nozzle. 
The system of the invention, including the recircula 

tion of abrasive and air within the reservoir, together 
with the action of the choke valve 21 also provides a 
wide range of accurate adjustment of the quantity of 
abrasive delivered with the air stream. 
The use of the ?exible and collapsable nozzle 13 for 

delivering the air jet into the throat of the venturi tube 
12 is highly effective in preventing undesired falling of 
abrasive particles downwardly into the pressure cham 
ber 11. Each time the control valve 19 is closed, the 
nozzle 13 instantly collapses and thus closes the pas 
sage between the inlet end of the venturi tube and the 
pressure chamber 11. This is important in order to 
avoid an initial spurt of an excess of abrasive particles 
at the time when the valve 19 is opened. 
Although not essential to the operation of the system, 

it is desirable to include the check valves 22 in the two 
gas supply branches 9 and 10. In this way under special 
conditions, such as moving the equipment, abnormal 
pressure ?uctuations, and the like, abrasive particles 
will not be permitted to travel upstream in the branch 
connections 9 and 10. 
As above mentioned, when the main shut-off valve 8 

is open, the entire system is pressurized and ready for 
use, i.e., ready for delivery of abrasive upon opening of 
the normal control valve 19. It will be observed that the 
valve 19 is located in the delivery line at the output side 
of the reservoir and this is an important feature, be 
cause the opening of the valve 19 results in delivery of 
the desired abrasive jet without any appreciable time 
delay such as would be involved if the control valve 19 
were eliminated and the valve on the input side such as 
valve 8 was used each time it is desired to deliver the 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
abrasive jet. Reliance upon a valve at the input side of 
the system would require that the system be pressurized 
each time the control valve was opened and this would 
introduce an undesirable time lag in the delivery of the 
abrasive jet. Moreover the location of the normal con 
trol valve 19 on the output side of the system has the 
further advantage that when the valve is closed, the 
abrasive jet is virtually instantaneously terminated. In 
contrast, if the normal control valve was located on the 
input side of the system, the closure of that valve in an 
effort to terminate the abrasive jet would result in a 
time delay, with accompanying “drizzle” of the abra 
sive from the jet nozzle 20 during the interval of time 
required for the system to depressurize. 
The system of the invention, especially the recircula 

tion of the air and abrasive is of great importance in 
providing uniformity of admixture of abrasive particles 
with the air stream without the necessity for employing 
any vibrators or mechanical agitators. This is advanta 
geous because of the simpli?cation of the equipment, 
in addition to the advantages accruing from the greater 
uniformity of the admixture secured. 
The system of the present invention is useable with 

various abrasive particles, but for many purposes alu 
minum oxide particles are preferred, advantageously in 
particular sizes running from about 10 microns to 
about 30 microns. 
The air or other gas pressure employed may also vary 

over a broad range, for instance from about 20 p.s.i. to 
about 150 p.s.i., but for most purposes will run from 
about 40 p.s.i. to about 80 p.s.i. 
The passage in the nozzle 20 is desirably much 

smaller than any of the other passages in the system and 
should be only a small fraction of the total cross sec 
tional area of the ports 15 in the inlet end of the venturi 
tube or of the ports 16 in the outlet end of the venturi 
tube. The nozzle passage will, of course, depend some 
what on the particular purpose for which the equip 
ment is being used. For various of the purposes above 
referred to, nozzles having a bore in the range from 
about 0.0l8 to about 0.025 inch is suitable. ln atypical 
equipment in which the receptacle 1 is about 3 inches 
in diameter and in which the venturi tube is about 4 
inches in length, the ports 15 in the inlet end of the ven 
turi desirably comprise about six evenly spaced holes, 
each of about 0.065 inch diameter, while at the same 
time using about twelve equally spaced holes of about 
0.055 inch diameter, as ports 16 in the upper or deliv-> 
ery end of the venturi. 
As an example ofa typical use of the equipment, ref 

erence is made to the trimming of resistors. For this 
purpose, aluminum oxide particles of about 30 microns 
are desirably employed, and a jet nozzle having a bore 
of about 0.018 is used. Air under a pressure of about 
80 p.s.i. is suitable for this purpose. 
As another example, reference is made to the use of 

the equipment in applying plastic or resinous coating to 
teeth. For this purpose aluminum oxide particles of 
about 10 micron size are appropriate with a supply air 
pressure of about 80 p.s.i., and with a nozzle having a 
bore of about 0.018 inch. In the preparation of teeth 
for resinous coating, the jet is directed to the tooth sur 
face and the action of the abrasive achieves three im 
portant results. First, organic matter is completely re 
moved. Second, the surface of the tooth is etched in a 
manner providing a surface texture which is highly ef 
fective from the standpoint of adherence of the resin 



3,852,918 
5 

film to be applied. Third, the cleaning and etching are 
accomplished while at the same time establishing and 
maintaining a bone dry condition of the tooth surface. 
These objectives are achieved much more effectively 
by this abrasive preparation of the tooth surface, than 
is possible with other preparation techniques such as 
the use of phosphoric acid. In consequence, when the 
resin film is applied much greater life and adherence of 
the film is secured. This abrasive technique as applied 
to tooth surface is thus especially advantageous for 
tooth coating, particularly when the coating material 
comprises a polermerizable resin, such as that known 
in the dental professioion as NuvaSeal, made by Caulk 
Division of Dentsply International, Inc. A resin mate 
rial of this type when applied to a bone dry, etched sur 
face of the kind produced by the system of the present 
invention may readily be cured or polermerized in situ 
as by exposure to ultra-violent light thereby providing 
an adherent coating without any appreciable elevation 
in temperature. 

Still another use for which the equipment of the in 
vention is especially adapted, is dental prophylaxis. in 
this case it is preferred to employ a relatively soft abra 
sive, for instance 30 micron calcium carbonate. The 
calcium carbonate should be of crystalline form and 
may be derived, for example, from Iceland Spar or 
from fresh water clam shells, high grade silicate free 
white marble. For prophylaxis purposes, a nozzle bore 
of 0.018 inch is suitable, and an air supply pressure of 
about 40 p.s.i. The use of the equipment and method 
for dental prophylaxis is highly effective and will leave 
the tooth enamel well polished. 

- I claim: 

1. Equipment for use in mixing abrasive particles 
with a compressed gas, comprising a reservoir for abra 
sive particles, a venturi tube in the reservoir, the tube 
having its inlet end portion apertured to provide com 
munication with the interior of the reservoir, an abra 
sive delivery connection extended from the discharge 
end of the venturi tube, the discharge end portion of 
the venturi tube being apertured to provide communi 
cation with the interior of the reservoir, and means for 
causing abrasive particles to circulate through the ven 
turi tube and the reservoir and to deliver abrasive parti 
cles through said delivery connection comprising a 
compressed gas supply line and a nozzle for delivering 
a stream of compressed gas from said line into the 
throat of the venturi tube through the inlet end of the 
tube. 

2. Equipment as defined in claim 1 and further in 
cluding a conduit interconnecting the compressed gas 
supply line and the abrasive delivery connection. 

3. Equipment as de?ned in claim 2 and further in 
cluding an adjustable choke valve in said conduit. 

4. Equipment as de?ned in claim 3 and further in 
cluding a check valve in said conduit between the 
choke valve and the abrasive delivery connection. 
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5. Equipment as de?ned in claim 1 and further in- '7 
cluding a controllable shut-off valve in said delivery 
connection. 

6. Equipment for use in mixing abrasive particles 
with a compressed gas, comprising a reservoir for abra 

60 

65 

6 
sive particles, a venturi tube in the reservoir, the tube 
having its inlet end positioned in a lower region of the 
reservoir and having apertures in communication with 
the interior of the reservoir, the tube having its dis 
charge end positioned in an upper region of the reser 
voir and having apertures in communication with the 
interior of the reservoir, an abrasive delivery connec 
tion connected with the discharge end of the venturi 
tube downstream of the apertures in the discharge end, 
a compressed gas supply line having one branch con 
nected with the inlet end of the venturi tube arid a sec 
ond branch connected with said abrasive delivery con 
nection, a nozzle directed into the inlet end of the ven 
turi tube for delivering a stream of compressed gas 
from said one branch into the throat of the venturi 
tube, and a controllable shut-off valve in said abrasive 
delivery connection. 

7. Equipment for use in mixing abrasive particles 
with a compressed gas, comprisinga reservoir for abra 
sive particles, a venturi tube having a throat and inlet 
and outlet ends extending in opposite directions from 
the throat and progressively increasing in cross section 
as compared with the throat, the inlet end of the ven 
turi tube being presented downwardly adjacent the bot 
tom of the reservoir and having abrasive inlet portage 
below the venturi throat, the oulet end of the venturi 
tube being presented upwardly in the reservoir and 
having abrasive outlet portage through the wall of the 
outlet end above the venturi throat, a valved delivery 
line connected with the venturi tube above the outlet 
portage, a compressed gas supply line connected with 
the inlet end of the venturi tube, and a nozzle in the 
connection of the gas supply line with the inlet end of 
the venturi tube, the nozzle being extended into the 
inlet end of the venturi tube and serving to deliver-a 
compressed gas jet through the throat of the venturi 
tube, the abrasive inlet portage providing for inlet of 
the abrasive in a zone surrounding said nozzle. 

8. Equipment for use in mixing abrasive particles 
with a compressed gas, comprising a reservoir for abra 
sive particles, a venturi tube having a throat and inlet 
and outlet ends extending in opposite directions from 
the throat and progressively increasing in cross section 
as compared with the throat, the inlet end of the ven 
turi tube being presented downwardly adjacent the bot 
tom of the reservoir and having abrasive inlet portage 
below the venturi throat, the outlet end of the venturi 
tube being presented upwardly in the reservoir and 
having abrasive outlet portage through the wall of the 
outlet end above the venturi throat, a valved delivery 
line connected with the venturi tube above the outlet 
portage, a compressed gas supply line connected with 
the inlet end of the venturi tube, and a nozzle in the 
connection of the gas supply line with the inlet end of 
the venturi tube, the nozzle being positioned to direct 
a stream of compressed gas into the throat of the ven 
turi tube. 

9. Equipment as de?ned in claim 8 in which the abra 
sive inlet portage comprises a plurality of apertures 
through the wall of the inlet end of the venturi tube 


