
Sept. 25, 1951 P. S. BAKELS 2,569,141 
METHOD AND APPARATUS FOR TREATING 

SEPARATING SUSPENSIONS 
Filed Dec. 10, 1946 

I 32. 

FG, 2. 

nventor 
PETER S. BAKELS 

-2 1. - 
- rva. .' - / - 

Attorneys 

  



Patented Sept. 25, 1951 

2,569,141 . . . . . " 

METHOD AND APPARATUs FoR TREATING 
SEPARATING SUSPENSIONs 

Pieter S. Bakels, Geleen, Netherlands, assignor to 
De Directie van de Staatsmijinei in Limburg, 

2,569,141 

UNITED STATES PATENT OFFICE 

acting for and on behalf of the State of the 
Netherlands, Heerlen, Netherlands 

Application December 10, 1946, serial No. 715,227 
- - - 

In washery plants using separating suspen 
Sions, it is necessary, for practical operation, to 
recover and, reuse the suspension particles re 
Sulting from the de-watering and rinsing of the 
separated products. For one thing, the suspen 
ision particles are generally of too. great value 
to be thrown away and, additionally, the con 
tamination of the separated products by the sus 
perasion particles is unpermissible. In the case 
of coal, for example, these suspension particles 
would increase the ash content of the cleaned 
coal. . . 
The suspension caught beneath the screens is 

very dilute. It has been customary heretofore 
to send this dilute suspension to a second screen 
with very fine meshes. This second screen must 
have a high capacity and due to its fine meshes, 
it wears out quickly, 

In the separation of raw coal in a washing. 
box using a separating suspension, the suspen 
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are provided above the screens so as to rinse the separated products as thoroughly as possible as 
they pass along the screens. 
The tanks have bottom outlets connected through pipes 2 and 3 to a pipe 4 which de 

livers to a separator f 5 here shown as being of 
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sion particles become contaminated with small 
coal particles already present upon delivery of 
the raw coal to the washing box and resulting 
also from disintegration arising from the action 
in the box. It is usually desirable to recover these 
coal particles since they are of value in them. 
selves and, moreover, should be removed from the 
separating suspension since they adversely af 
feet the latter. 
A principal object of the present invention is 

to greatly reduce the scope of the second screen 
ing action by separating the suspension into frac 
tions of relatively high concentration and rela 
tively low concentration, substantially all of the 
suspension particles of the low concentration 
fraction being smaller than a predetermined size, 
Hence, by the invention it is only necessary to 
screen the fraction gf relatively high concentra 
tion for the removal of unwanted particles above 
the said predeterfiined size. It is also an object 
of the invention to recover the coal particles 
from the suspension. Suitable apparatus for the 
practice of the invention is shown by way of ex 
arrisle in the accompanying drawing in which: . 

Figure 1 diagrammatically shows an installa 
tion, arid - - - - 

Figure 2 shows in axial section a cyclone which 
appears in Figure 1: 

Referring to Figure 1, reference numeral 5 
designates a washing box of the sink-float type 
of kown design, the box discharging at one end 
onto a screen 6 and at its 6ther end onto a screen 
7, receiving tanks 8 and 9 being disposed below 
the screens. Water and particles which will pass 
the screen drop therethrough immediately upon 
delivery to the screens and spray heads G and 
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the froth flotation type and acting also as a 
hydraulic classifier. Preferably a Kleinbentinek 
machine is used, the machine including a gen 
erally conical tank is with froth removal at 17, 
a sump 18, and a riser 9 to a side overflew 
trough 29. A machine of this type is described on 
pages 430 to 432 of “The Cleaning of Coal' (1928) 
by Chapman and Mott. Because the Kleinben 
tinck machine is to operate as a hydraulic classi 
fier as well as a froth flotation unit, it will include 
the following arrangement: An inner chamber 
f 60 of truncated cone shape is centrally dispose 
in the tank 16 and contains a screw 6f fix 
a shaft i62 driven by a pulley (63. The diluted 
suspension from line 4 is admitted te the inier 
mixing chamber 60 through a pipe 4a and a 
frothing agent is added at the top of this chana 
ber. The materials are thoroughly mixed in 
chamber 60 and pass with entrained air through 
the holes (64 disposed close to the base 65 of the 
mixing chamber into the outer chamber or suffip 
18. At about half the height of the outer cham 
ber an annular screen 166 is fixed horizontally 
to insure quiescent conditions in the space above 
it. The frothed coal particles pass through the 
screen and are scraped off by a scraper 67 into 
a surrounding launder 7. The non-floating mas 
terial returns through a series of holes 69 to the 
mixing chamber, where it is again agitated, 
Finally, the particles pass through the openings 
70 into the lower cone i? and are discharged 

through a pipe 5'. This fraction contains those 
particles which have the highest settling velocity, 
viz., the coarser particles. The finer particles 
which settle slower are evacuated through the 
pipe 9 and an overflow 20 together with the bulk 
of the water. The purpose of this overflow in a 
Kleinbentinck machine is to maintain the level 
of the liquid in the frothing chamber eonstant. 
If this level is too high, too much water and fine 
heavy particles discharge with the froth. The 
Sump has a bottom opening 5' discharging ento 
a screen 2f above a receptacle 22 and a pipe 23 
leads from a bottom opening 5' of the receptacle 
to a pump 24, trough 20 having a bottom outlet 
connected by a pipe 25 with pipe 23. The pump 
delivers through a pipe 26 tangentially into the 
inlet compartment 27 of a cyclone 28, the cyclone 
including an upper cylindrical portion 29 divided 
by a wall 30 into the inlet eomartient siha sh 
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overflow compartment 31, the wall having a cen 
tral outflow opening 32. The cyclone comprises a 
lower conical portion 33 coaxial with portion 29 
and having an apex opening 34 aligned with open 
ing 32. The apex discharge, Figure 1, is directed 
to the washing box 5 through a conduit 35. The 
overflow chamber is connected by a pipe 36 with 
pipe 37 and 38 going to the spray heads 0 and , ; 
respectively. 

In the operation of the system, the dilute SuS 
pension reaching the separator 5 is separated 
into three fractions; (1) a froth fraction leav 
ing at 7 and containing the undesirable coal par 
ticles which can be sent, for example, to a froth 
flotation plant to be recleaned, as the ash con 
tent of this froth may be rather high; (2) an 
overflow fraction to trough 20 containing fine SuS 
pension particles which can be used again in the 
separating bath; and (3) a thickened fraction 
leaving the sump through bottom opening 5 and 
containing undesired coarser particles in addition 
to the usable suspension particles. Fraction F3 
goes to the screen 2 and the through-put of the 
screen is combined with fraction #2 and sent 
to the cyclone thickener with the thickened prod 
uct being then returned to the washing box. 
While a cyclone thickener is preferred, other 
types, for example, the Dorr type, can be used. 

0 

15 

20 

25 

An example of performance is as follows: The 
output products of a washing box, using a loess 
suspension, are de-watered and rinsed on the 
screens 6 and 7 at the rate of 80 metric tons per 
hour. The diluted suspension caught in tanks 8 
and 9 at the rate of 65 cubic meters per hour has 
a concentration of 94.4 grams per liter, and 5% 
of the particles are above .5 mm. in size. This 
suspension is sent to a Kleinbentinck machine aS 
described above with a diameter of 2 meters and 
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the entering suspension will be separated in this , . 
box into (1) 1.8 cubic meters per hour froth, (2) 
44.3 cubic meters per hour effluent with a concent 
tration of 80 grams per liter Solid material of 
which the particles are all less than .5 mm. in size, 
and (3) 18.9 cubic meters per hour of thickened 
suspension with a concentration of 121.5 grams 
per liter solid material of which 13.3% has a par 
ticle size greater than .5 mm. 

Fraction number 3 goes to the Screen 2 of 
which the openings are .5 mm. Square. The area. 
of the screen is one square meter. 
Thus, the capacity of Screen 2 need be only 

sufficient to accommodate a relatively Small per 
centage of the total dilute suspension collecting 
in tanks 8 and 9. If the diluted suspension went 
directly to the screen, the latter would have to 
have an area of 3 Square meters. Without re 
moval of the fine coal particles they would re 
circulate and accumulate. However, if it is not 
required that the coal particles in the dilute sus 
pension be recovered, any suitable separator, for 
example a cyclone, which will separate the bulk 
of the particles from the bulk of the Water can be 
used. 
The described procedure is of especial in 

portance if the content of fine solid material in 
the dilute suspension is high. 

variations in procedure and form of apparatuS 
are possible within the scope of the invention aS 
defined in the following claims. 

... I cairn: 
1. In combination, a washing box using a 

separating suspension, screens arranged to re 
ceive the separated fractions, rinsing spray heads 
above the screens, tanks below the Screens to re 
ceive sprayed liquid and suspension, a hydraulic 
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4. 
classifier in receiving relation to said tanks and 
operating to separate the received Suspension into 
fractions of relatively high concentration and 
relatively low concentration of which the former 
contains all the particles larger, than a predeter 
mined size and a portion of particles Smaller than 
said size, a screen arranged to receive the fraction 
of high concentration and having a mesh of Said 
predetermined size, a receptacle arranged to re 
ceive the through-put of the last-named Screen, 
a thickener, means for feeding to the thickener 
the suspension received in said receptacle tor 
gether with said fraction of low concentration, 
and means for directing the heavy fraction from 
the thickener to said washing box. 

2. In combination, a coal washing box using a 
separating suspension, screens arranged to re 
ceive the separated fractions, tanks below the 
screens to receive sprayed liquid and Suspension, 
rinsing spray heads above the Screens, a classifier 
in receiving relation to said tanks and including 
means to separate coal particles from the Suspen 
sion particles by froth flotation and means to hy 
draulically separate the remaining 'Suspension 
into fractions of relatively high concentration 
and relatively low concentration of which the 
former contains all the particles larger than a 
predetermined size and a portion of the particles 
smaller than said size, a screen arranged to re 
ceive the fraction of high concentration classifier 
and having a mesh of Said predetermined size, 
a receptacle arranged to receive the through-put 
of the last-named Screen, a thickener, means for 
feeding to the thickener the Suspension received 
in said receptacle together with Said fraction of 
low concentration, and means for directing the 
heavy fraction from the thickener to Said wash 
ing box. - . 

3. The method of treating a separating SuS 
pension of liquid and particles which comprises 
rinsing the suspension from the separated prod 
ucts, separating the thus obtained diluted Sus 
pension by hydraulic classification into a fraction 
of relatively high concentration and a fraction of 
relatively low concentration and So that the frac 
tion of high concentration contains all the par 
ticles larger than a predetermined size and a 
portion of the particles smaller than said: size, 
screening the last-mentioned fraction to remove 
particles above Said size, combining the through 
put of said screening with the fraction of low 
concentration, and thickening Said combined 
fractions and returning them to the Washing box. 

4. The method of treating a Wash box Sep 
arating suspension containing intermixed coal 
particles which comprises rinsing the suspen 
sion from the Separated products, separating the 
coal particles from the thus obtained diluted 
suspension by froth flotation and Separating the 
remainder of the diluted Suspension by hydraulic 
classification into a fraction of relatively high 
concentration and a fraction of relatively low 
concentration and So that the fraction of high 
concentration contains all the particles larger 
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than a predetermined size and a portion of the 
particles Smaller than said size, Screening the 
last-mentioned fraction to remove particles above 
said size, combining the through-put of said 
screening with the fraction of low concentration, 
and thickening Said combined fractions and re. 
turning them to the Washing box. 

PIETER. S. BAKELS. 
(References on following page) 



2,569,141 
S 6 

REFERENCES CTED FOREIGN PATENTS 
The following references are of record in the Number Country. Date 

file of this patent: 25615 Great Britain ------ May 15, 1924 
UNITED STATES PATENTS 5 496,538 Great Britain T Dec. 2, 1938 

Number Name Date OTHER REFERENCES 
1,656,271 Downs ------------- Jan. 19, 1928 Heavy Media, Separation Process, American 
2,387,866 Walker ------------ Oct. 30, 1945 Cyanamid Ore Dressing Notes July 1942. The 
2,429,436 Walker ------------- Oct. 21, 1947 Central Mill, pages 14, 15, 16 and 17. 


