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57 ABSTRACT 

In a slurry pump of liquid-diaphragm type having a dia 
phragm chamber containing a portion of slurry being 
pumped and a lighter diaphragm liquid, gas bubbles ex 
isting in large concentration in the slurry are prevented 
from infiltrating into the diaphragm chamber by the in 
jection of a seal liquid without bubbles into the slurry 
in the chamber to cause a flow of liquid counter to the 
direction of infiltration of the gas bubbles. For this pur 
pose, a seal-liquid-injection pipe is installed in the 
slurry in the chamber and supplied by a pump with the 
seal liquid from a reservoir through a check valve. 

19 Claims, 1 Drawing Figure 
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PREVENTION OF INFILTRATION OF GAS 
BUBBLES INTO SLURRY PUMP PARTS 

BACKGROUND OF THE INVENTION 

This invention relates generally to slurry pumps of 
the liquid-diaphragm type and more particularly to a 
new method and apparatus for preventing gas bubbles 
in a slurry being pumped from infiltrating into the dia 
phragm and piston parts of a slurry pump. 

Slurry pumps with which this invention is concerned 
are of the class described in Japanese Pat. publication 
No. 121311 1960, U.S. Pat. No. 3,241,496, patented 
Mar. 22, 1966, British Pat. No. 1,187,912, patented 
Aug. 12, 1970, and South African Pat. No. 68/0753, 
patented May 30, 1969. 
Among the various fluid substances referred to as 

slurries, there are those, such as caustic bauxite slurries 
and limestone slurries containing viscosity-reducing 
agents, which contain a large number of gas (air) bub 
bles. When a liquid of this nature is handled by means 
of a slurry pump of the liquid-diaphragm type, a por 
tion of the bubbles contained in the liquid separate out 
and accumulate in the liquid-diaphragm chamber and 
thereby give rise to the following inconveniences and 
difficulties. 

1. Frequent extraction of the accumulated gas (de 
gasification or deaeration) becomes necessary, 
whereby the pump operation requires additional la 
bour. 

2. The bubbles carry solid particles into the dia 
phragm liquid (oil), whereby the liquid becomes con 
taminated, and the particles tend to cause wear of the 
piston parts. 

3. The gas (air) causes a reduction in the pump deliv 
ery, while clogging due to settling of the particles easily 
OCCS. 

Accordingly, it is necessary to prevent the bubbles 
from passing from the pump valve box through the con 
necting pipe and infiltrating into the liquid-diaphragm 
chamber and to cause the bubbles to move rapidly from 
the suction valve through the discharge valve and be 
promptly discharged therefrom without stagnating or 
slowing down within the pump. 

SUMMARY OF THE INVENTION 

It is an object of this invention to fulfil the above 
stated requirement in slurry pumps of the liquid 
diaphragm type. More specifically, an object of the in 
vention is to provide a method and apparatus for pre 
venting gas bubbles in a liquid containing a large quan 
tity of bubbles and being pumped by a liquid 
diaphragm slurry pump from infiltrating into the dia 
phragm chamber. 
According to the present invention, briefly summa 

rised, there are provided a method and apparatus for 
preventing infiltration of gas bubbles as described 
above, wherein a seal liquid without gas bubbles is in 
jected into the slurry in the liquid-diaphragm chamber 
thereby to create a liquid flow counter to the direction 
of the infiltration of gas bubbles into the diaphragm 
chamber. 
The nature, principle, and utility of the invention will 

be more clearly apparent from the following detailed 
description with respect to a preferred embodiment of 
the invention when read in conjunction with the ac 
companying drawing. 
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BRIEF DESCRIPTION OF THE DRAWING 

in the drawing, the single FIGURE is a diagrammatic 
side elevation, in vertical section, showing the essential 
parts of a slurry pump of liquid-diaphragm type and in 
dicating an example of practice of the invention. 

DETALED DESCRIPTION 

The principal components of the slurry pump illus 
trated in the drawing are a plunger pump 1, a valve box 
4, and an oil-diaphragm chamber 11 connected be 
tween the plunger pump and the valve box. 
The plunger pump 1 has a cylinder 3 filled with oil 

and connected by way of an oil connecting pipe 12 to 
the upper part of the chamber 11 and a plunger 2 
driven by means not shown and operating as a piston 
within the cylinder 3. The valve box 4 has a slurry suc 
tion pipe 9 and a slurry discharge pipe 10 and is pro 
vided internally with spacedapart valve seats 5 and 6 
for cooperatively operating with ball valves 7 and 8, re 
spectively, acting on the downstream sides of their 
valve seats to function as check valves for preventing 
reversal of slurry flow. A middle chamber 4a is formed 
between the two ball valves and communicates by way 
of a slurry connecting pipe 13 to the bottom of the oil 
diaphragm chamber 11. 
The chamber 11 is provided thereabove with an oil 

reservoir tank 14 communicating through a shut-off 
valve 15 to the upper part of the chamber 11. The 
upper part of this oil-diaphragm chamber 11 contains 
oil 22 communicating integrally with the oil in the pipe 
12 and cylinder 3, while the lower part of the chamber 
11 contains slurry 20 communicating integrally with 
the slurry in the pipe 13 and chamber 4a, an interface 
21 being formed naturally between the oil 22 and slurry 
20 because of the difference in the specific gravities 
thereof. 
The liquid-diaphragm slurry pump of the above de 

scribed organization is known, and the organization 
and operation thereof are disclosed in greater detail in 
the aforementioned references. 

In accordance with this invention there is provided a 
method and apparatus for preventing infiltration of gas 
bubbles into the oil-diaphragm chamber 11. One exam 
ple of this apparatus, as illustrated in the drawing, com 
prises a reservoir tank 18 for storing the mother liquor 
of the slurry not containing any bubbles and constitut 
ing a seal liquid, a liquid injection pipe 19 disposed in 
the lower part of the oil-diaphragm chamber 11, a 
booster pump 17, driven by motive power means (not 
shown), for pumping the seal liquid from the tank 18 
into the injection pipe 19, a check valve 16 disposed 
between the pump 17 and the injection pipe 19 for pre 
venting reversal flow of the seal liquid, and necessary 
piping and pipeline accessories (not shown). 
This apparatus is operated, during the pumping oper 

ation of the slurry pump, to inject at a low flowrate the 
seal liquid without bubbles into the slurry 20 in the 
lower part of the oil-diaphragm chamber 11 thereby to 
force back gas bubbles traveling through the slurry pipe 
13 and tending to enter into the chamber 11. The bub 
bles are thus inhibited from traveling toward the cham 
ber 11 and caused to be discharged through the slurry 
discharge pipe 10. 
During the suction stroke of the plunger pump 1, the 

check valve 16 permits the seal liquid to flow freely 
into the chamber 11. During the discharge stroke of the 
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plunger pump 1, the check valve 16 operates to prevent 
reverse flow or return of the injected liquid or entrance 
of slurry into the injection pipe 19, whereby the slurry 
20 is sent in the normal manner toward the slurry pipe 
13. Since the seal liquid is thus injected a little at a time 
into the chamber 11 during the suction stroke of the 
plunger pump 1, a net flow of liquid is created through 
the slurry pipe 13 from the oil-diaphragm chamber 11 
toward the valve box 4, whereby the quantity of gas 
bubbles tending to enter the chamber 11 becomes pro 
gressively less. 
Thus, the present invention provide a method and ap 

paratus which, when applied to a slurry pump of liquid 
diaphragm type, afford a saving in operational labour, 
eliminate the possibility of excessive wear of the slurry 
pump parts due to contamination of the diaphragm liq 
uid, and enable the pump to operate stably with a 
steady delivery without the possibility of settling of par 
ticles to cause clogging even when the slurry pump is 
operated to pump slurry containing a large quantity of 
gas bubbles. 

It should be understood, of course, that the foregoing 
disclosure relates to only a specific embodiment of the 
invention and that it is intended to cover all changes 
and modifications of the example of the invention 
herein chosen for the purposes of the disclosure, which 
do not constitute departures from the spirit and scope 
of the invention. For example, instead of the booster 
pump 17 used in the above described example, a driv 
ing pressure generating source of another kind can be 
used. In addition, the apparatus according to the inven 
tion may include control means 23 to control automati 
cally the flowrate of the seal liquor supplied into the 
chamber 11 and means 24 to detect the concentration 
of gas bubbles in the slurry 20 and to generate corre 
sponding signals in response to which the control 
means can operate to control the flowrate accordingly. 
We claim: - 

1. For use in a slurry pump of the type having a liq 
uid-diaphragm chamber containing in operation a 
slurry and a diaphragm liquid in contact there with de 
fining an interface therebetween, a method of prevent 
ing gas bubbles entrained in said slurry from infiltrating 
into said diaphragm liquid comprising injecting a seal 
liquid without gas bubbles into the slurry in said cham 
ber to create a liquid flow counter to the direction of 
said infiltration of gas bubbles. 

2. A method as claimed in claim 1 in which said seal 
liquid is the mother liquor without gas bubbles of the 
slurry being pumped. 

3. In a slurry pump of the type having a liquid 
diaphragm chamber containing in operation a slurry 
and a diaphragm liquid in contact therewith defining an 
interface therebetween, an apparatus for preventing 
gas bubbles entrained in said slurry from in filtrating 
the diaphragm liquid, said apparatus comprising a res 
ervoir containing a seal liquid without gas bubbles, liq 
uid-injection means for injecting said seal liquid into 
the slurry in the liquid-diaphragm chamber, means de 
fining a flow path from said reservoir to said liquid 
injection means, liquid-transfer means for transferring 
seal liquid from said reservoir through said flow path to 
said liquid-injection means, and a check valve disposed 
between the liquid-transfer means and liquid-injection 
means for preventing reverse flow in said flow path. 
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4. Apparatus as claimed in claim 3 in which said seal 

liquid is the mother liquor without gas bubbles of the 
slurry being pumped. 

5. Apparatus as claimed in claim 3 in which there are 
provided detecting means for detecting the concentra 
tion of gas bubbles in the slurry in the liquid-diaphragm 
chamber to generate corresponding signals and control 
means operating in response to said signals to control 
the flowrate of the seal liquid through the flow path. 

6. In combination, a slurry pump having a liquid 
diaphragm chamber for containing in operation a slurry 
and a diaphragm liquid thereabove defining an inter 
face therebetween, an apparatus for preventing gas in 
a gaseous phase entrained in said slurry from infiltrat 
ing into said diaphragm liquid, said apparatus compris 
ing means to apply under pressure a seal liquid free of 
entrained gases to said slurry in said liquid-diaphragm 
chamber in a counter flow path directed away from 
said interface and in an area effective to substantially 
prevent infiltration of said gas into said interface. 

7. Apparatus as claimed in claim 6, in which said 
means for applying said seal liquid comprises a reser 
voir containing said seal liquid, liquid-injection means 
for injecting said seal liquid into said slurry in said liq 
uid-diaphragm chamber, liquid-transfer means to sup 
ply said seal liquid from said reservoir to said liquid 
injection means. 

8. Apparatus as claimed in claim 7, including a check 
valve disposed between said liquid-transfer means and 
said liquid-injection means to prevent reverse flow to 
ward said liquid-transfer means. 
9. Apparatus as claimed in claim 7, including sensing 

means detecting the concentration of said gas en 
trained in said slurry, control means responsive to said 
sensing means to control the flow rate of said seal liquid 
to said liquid-injection means. 

10. Apparatus as claimed in claim 6, in which said 
seal liquid comprises the component liquid of said 
slurry. 

11. For use in conjunction with a slurry pump having 
a liquid-diaphragm chamber for containing in opera 
tion slurry and a diaphragm liquid thereabove defining 
an interface therebetween, an apparatus for preventing 
gas in a gaseous phase entrained in said slurry from in 
filtrating into said diaphragm liquid, said apparatus 
comprising means to apply under pressure a seal liquid 
free of entrained gases to said slurry in said liquid 
diaphragm chamber in a counter flow path directed 
away from said interface and in an area effective to 
substantially prevent infiltration of said gas into said in 
terface. 

12. The apparatus as claimed in claim 11, in which 
said seal liquid comprises the component liquid of said 
slurry. - 

13. The apparatus as claimed in claim 11, in which 
said means for applying said seal liquid comprises a res 
ervoir containing said seal liquid, liquid-injection 
means for injecting said seal liquid into said slurry in 
said liquid-diaphragm chamber, and liquid-transfer 
means to supply said seal liquid from said reservoir to 
said liquid-injection means. 

14. The apparatus as claimed in claim 13, including 
a check valve disposed between said liquid-transfer 
means and said liquid-injection means to prevent re 
verse flow toward said liquid-transfer means. 

15. The apparatus as claimed in claim 13, including 
sensing means detecting the concentration of said gas 
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entrained in said slurry, control means responsive to 
said sensing means to control the flow rate of said seal 
liquid to said liquid-injection means. 

16. A method of preventing infiltration of gas bub 
bles into a liquid defining an interface with a mixture 
of a liquid with insoluble matter comprising, applying 
a seal liquid free of bubbles under pressure to said mix 
ture in the vicinity of said interface as a counter flow 
directed to flow away from said interface and in an area 
effective to substantially prevent infiltration of said gas 
into said interface. 

17. A method as claimed in claim 16, in which said 
seal liquid comprises the component liquid of said liq 
uid mixture. 

18. For use in a slurry pump having a liquid 
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6 
diaphragm chamber for containing in operation a slurry 
and a diaphragm liquid thereabove defining an inter 
face therebetween, a method of preventing gas bubbles 
entrained in said slurry from infiltrating into said dia 
phragm liquid comprising, applying under pressure a 
seal liquid free of bubbles to said slurry in said liquid 
diaphragm chamber in the vicinity of said interface and 
directed to flow away from said interface and in an area 
effective to substantially prevent infiltration of said gas 
bubbles into said interface. 

19. A method as claimed in claim 18, in which said 
seal liquid comprises the component liquid of said 
slurry. 
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