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BACKGROUND OF THE INYENTION 

s This invention relates to an oil separating method to be 

used, for example, in the case of separating an oil con­

tained in aqueous washing water in an emulsion state and 

.reusing purified water. 

10 There has conventionally been known an oil separating 

method in which air ·is blown in oil-contaminated water, and 

an oil is floated with bubbles of blown air and collected 

at a water surface to purify the oil-contaminated water. 

However, in this conventional method, for example, even 

15 when air is blown in water containing 6,000 ppm of the oil 

over 10 hours, the oil concentration of a treated water can 

be lowered only to about 4,000 ppm, so that the method is 

not satisfactory in the point of separation efficiency. 

20 SQMMARY OF THE INYENTION 

An object of the present.invention is to provide an oil 

separating method by which the conventional problems 

described above can be solved and an oil contained in water 

25 in an emulsion state can be separated from water with high 

separation efficiency. 
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The first invention is an oil separating method in which 

oil-contaminated water in a separation tank is mixed with 

air bubbles in a bubble-generating apparatus provided at 

the bottom of the separation tank to jet out said air-water 

5 mixture into the separation tank, wherein a surfactant is 

previously added to the oil-contaminated water. The second 

invention is an oil separating method in which oil-contami­

nated water in a separation tank is mixed with air bubbles 

in a bubble-generating apparatus provided at the bottom of 

10 the separation tank to jet out said air-water mixture into 

the separation tank, wherein a surfactant and an antifoamer 

are previously added to the oil-contaminated water. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional view showing an embodiment of using 

an ejector as a bubble-generating apparatus. 

Fig. 2 is a sectional view showing an embodiment of using a 

20 static mixer as a bubble-generating apparatus. 

25 

Fig. 3 is a sectional view showing an embodiment of us.ing a 

nozzle having a special structure (MJP) as a bubble-gener­

ating apparatus. 

Fig. 4 is a graph showing oil concentrations of a treated 

water when polyoxyethylenedodecy_lamine is added at various 

concentrations to oil-contaminated water as a surfactant. 

30 Fig. 5 is a graph showing oil concentrations of a treated 

water when alkyl tri-methylamrnonium chloride is added at 

various concentrations to oil-contaminated water as a 

surfactant. 

35 Fig. 6 is a graph showing oil concentrations of a treated 

water when dodecyl tri-methylammonium chloride is added at 



- 3 -

various concentrations to oil-contaminated water as a 
surfactant. 

Fig. 7 is a graph showing oil concentrations of a treated 
5 water when alkyl di-methyl benzylarmnonium chloride is added 

at various concentrations to oil-contaminated water as a 
surfactant. 

Fig. 8 is a graph showing oil concentrations in a treated 
10 water when alkyl di-methylbetaine is added at various con­

centrations to ·oil-contaminated water as a surfactant. 

Fig. 9 is a graph showing the results of using polyoxy­
ethylenedodecylamine as a surfactant and dimethylpoly­

lS siloxane as an antifoamer in combination. 

Fig. 10 is a graph showing the results of oil separation 
only by air bubbles in comparison with the results of oil 
separation of the present invention (10 ppm of polyoxy-

20 ethylenedodecylamine ~s added as a surfactant) . 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

As the bubble-generating apparatus, there may be used, for 
25 example, an ~pparatus having a structure as shown in Fig. 1 

that an ejector 2 and a pump 3 are provided at the bottom 
of a separation tank 1; oil-contaminated water in the 
separation tank 1, which is sucked by the pump 3, is jetted 
out through a nozzle 4 of the ejector 2; outside air is 

30 sucked in an air-sucking room 5 by utilizing negative pres­
sure generated by jet; and the outside air is made bubbles 
in the ejector 2 and jetted out into the separation tank 1 
together with the oil-contaminated water sucked. 

35 Also, there may be used an apparatus having a structure as 
shown in Fig. 2 that a static mixer 6 is used as a bubble-
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generating apparatus; and air sucked from an air-sucking 

inlet 7 is jetted out into the separation tank 1 while 

mixing the air with oil-contaminated water sucked by a pump 

3 in the static mixer .. 6. 

Further, there may be used a nozzle (Mochizuki Jet Pump, 

trade name, manufactured by FSK Inc., abbreviation: MJP) 

having a special structure as shown in Fig. 3 that an air­

sucking inlet 9 and a oil-contaminated water-sucking inlet 

10 10 are provided at around the end of a nozzle 8. In addi­

tion thereto, there may be used an apparatus having a 

structure that oil-contaminated water and air are sucked 

simultaneously from a sucking side by utilizing a vortex 

turbine pump and mixed under stirring with a turbine impel-

15 le~ thereof. As described above, the kinds and structures 

of the bubble-generating apparatuses are not particularly 

limited. However, as shown in the embodiments described 

below, when MJP shown in Fig. 3 is used, particularly 

excellent separation efficiency can be obtained. 

20 

As the surfactant, an cationic, nonionic or ampholytic 

surfactant is preferably used. As the cationic surfactant, 

there may be used aliphatic or aromatic quaternary ammonium 

salts, a heterocyclic quaternary arnmonium salt and an 

25 aliphatic amine salt. As the aliphatic quaternary ammonium 

salt, there may be used, for example, alkyl tri-methylarnmo­

nium chloride and so forth; as the aromatic quaternary 

ammonium salt, there may be used, for example, alkyl di­

methylbenzylammonium chloride and so forth; as the hetero-

30 cyclic quaternary ammonium salt, there may be used, for 

example, alkylimidazolinium chloride and so forth; and as 

the aliphatic amine salt, there may be used, for example, 

polyoxyethylenealkylamine and so forth. Further, as the 

nonionic surfactant, there may be used ether type (e.g. 

35 polyoxyethylene alkyl ether and so forth), ester type (e.g. 

polyethylene glycol fatty acid ester and so forth) , ether-

·---~---------
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ester type (e.g. polyoxyethylene sorbitan fatty acid ester 
and so forth) and nitrogen-containing type (e.g. polyoxy­
ethylenealkylamine and so forth) . As the ampholytic 
surfactant, there may be used imidazolinium betaine (e.g. 

5 2-alkyl-N-carboxymethyl-N-hydroxyethyl imidazolinium 
betaine and carboxy betaine (e.g. alkyl di-methylbetaine). 
Further, as the antifoamer, there may be used an alkyl­
modified polysiloxane (e.g. dimethylpolysiloxane and so 
forth}, a highe~ alcohol (e.g. octyl alcohol, 2-ethylhexyl 

10 alcohol and so forth), diisooctyl ether and so forth. The 
amount of .the surfactant to be added to oil-contaminated 
water is preferably 5 to 30 ppm, more preferably 10 to 20 
ppm. The amount of the antifoamer to be added is pref er­
ably 10 to 4·0 ppm, more preferably 15 to 30 ppm. If the 

1"5 amounts of the surfactant and the antifoamer exceed 30 ppm 
and 40 ppm, respectively, their actions on emulsification 
of an oil are strong, whereby the separation rate of the 
oil is made slow. On the other hand, if said amounts are 
less than 10 ppm and 15 ppm, respectively, oil separation 

20 itself cannot be effected. 

According to the present invention, by adding the surfac­
tant or adding both the surfactant and the antifoamer, 
agglomerati.on of oil particles is accelerated, and the 

25 agglomerated oil particles are floated with air bubbles, 
whereby oil separation can be effected with much better 
efficiency than that of the prior art. The present 
invention is described in detail by referring to the 
following embodiments. 

30 

A predetermined amount of city water was charged into an 
inner portion of.a separation tank having a volume of 250 
I, and then a water-insoluble machining oil (produced by 

Idemitsu Kosan, trade name: DAPHNE CUT ST-30) was charged 
35 into the separation tank so that the oil concentration of 

oil-contaminated water in the separation tank became 6,000 

·----------------
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ppm. By actuating a pump 3, the oil-contaminated water in 
the vicinity of a water surface and air existing on said 
water surf ace were sucked from an air-sucking inlet 9 of 
MJP as a bubble-generating apparatus and the charged city 

5 water and water-insoluble machining_oil were mixed for 10 
minutes to prepare oil-contaminated water containing an oil 
in an emulsion state. This oil-contaminated water was 
sucked by a pump 3 at a flow rate of 60 I per minute, mixed 
with air bubbles in various bubble-generating apparatus and 

10 jetted out into the separation tank to effect oil separa­
tion. The air-sucking amount at this time was 1.2 I per 
minute. The results obtained by adding polyoxyethylene­
dodecylamine (produced by Nippon Oil and Fats Co., Ltd., 
trade name: NYMEEN L-201, the same applies to the following 

15 . descriptions) at ·various concentrations to this oil-con­
taminated water (In this embodiment, the surfactant was 
added to the oil-contaminated water received previously in 
the separation tank, but in a system in which oil-contami­
nated water is" introduced into a separation tank continu-

20 ously, it is preferred that a surfactant is previously 
added to the oil-contaminated water to be introduced into 
the separation tank. The same applies to an antifoamer 
described below) and carrying out treatment for 8 hours are 
shown in Fig. 4. In ·Fig. 4, "0", "~", "X" and "·" show the 

25 results obtained by using an ejector, a static mixer, a 
turbo mixer and MJP as a bubble-generating apparatus, 
respectively (the same applies to the following figures 
except for Fig. ro). 

30 Here, the oil concentration on the axis of ordinate was 
measured according to the following manner. 

1) By a constant temperature dryer equipped with a 
thermoregulator, a glass beaker having a volume of 300 cc 

35 is dried at 95 ·c for 2 hours or longer. 
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2) By an electronic balance (minimum scale: 1 mg), the 
weight (defined as W0 ) of the above dried glass beaker was 

measured. 

3) 100 cc of sample water collected from a lower portion 

of a separation tank is charged into the above glass beaker 

the weight of which has been measured, and the weight 
(defined as Wis' wherein i = 1 to n, and n is the number of 

sample-collecting times} of said glass beaker is measured 

10 by the above electronic balance. 

15 

4) .The glass beaker containing the above sample water is 

placed in the above dryer, and said sample water is evapo­

rated (at 95 ·c for about 20 hours). 

5) The weight {defined as Wie• wherein i and n have the 

same meanings as described above) of the glass beaker in 

which the sample water has been evaporated is measured, and 
the oil concentration (defined as Ci, wherein i and n have 

20 the same meanings as described above) is determined accord­

ing to the following equation. 

25 As shown in Fig. 4, by the treatment for 8 hours, the oil 

concentrations of the oil-contaminated water were reduced 

from the initial one of 6,000 ppm to about 40 to 300 ppm. 

It was found that when the nozzle (MJP) having a special 

structure shown in Fig. ·· 3 was used as a bubble-generating 

30 apparatus, the most excellent separation efficiency was 

obtained. 

In the same manner, the embodiment of adding alkyl tri­

rnethylanunonium chloride (produced by Nippon Oil and Fats 
35 Co., Ltd., trade name: Cation ABT2-SOO) as a surfactant is 

shown in Fig. 5, the embodiment of adding dodecyl tri-
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methylammonium chloride (produced by Kao Corp., trade name: 

QUARTAMIN 24P) as a surfactant is shown in Fig. 6, the 

embodiment of adding alkyl di-methylbenzylarnrnonium chloride 

(produced by Nippon Oil and Fats co., Ltd., trade name: 

5 Cation F2-50) as a surfactant is shown in Fig. 7, and the 

embodiment of adding alkyl di-methylbetaine (produced by 

Nippon Oil and Fats Co., Ltd., trade name: NISSAN ANON BF) 

as a surfactant is shown in Fig. 8, respectively. 

10 Fig. 9 is a graph showing the results of using polyoxy­

ethylenedodecylamine as a surfactant and dimethylpoly­

siloxane (produced by Sinetsu Chemical .Co., Ltd., trade 

name: KM73) as an antifoamer in combination. As can be 

seen from Fig. 9, when the surfactant and the antifoamer 

15 are used in combination in oil-contaminated water, not only 

it is possible to achieve separation efficiency equivalent 

to that of the case of using the surfactant alone, but also 

foaming at the water surface of the separation tank can be 

suppressed, whereby collection of the separated and flo.ated 

20 oil can be carried out easily. 

Fig. 10 is a graph showing the results obtained by carrying 

out oil separation only by air bubbles without adding_ the 

surfactant and the antifoamer for comparison (In the same 

25 figure, refer to 11 
• 

11 Incidentally, MJP was used as a 

bubble-generating apparatus) in comparison with the results 

obtained by adding 10 ppm of polyoxyethylenedodecylamine 

(In the same figure, refer to " D ". Incidentally, MJP was 

used as a bubble-generating apparatus). As can be clearly 

30 seen from the graph of Fig. 10, while the oil concentration 

after treatment for 8 hours is about 3,000 ppm in the con­

ventional method carried out without using the surfactant 

and the antifoamer, the oil concentration is reduced to 

about 250 ppm even by treatment for 5 hours when the 

35 surfactant is used. Thus, it can be seen that the effect 

of the present invention is significant. 

-----
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As described above, according to the present invention, 

agglomeration of oil particles contained in oil-contami­

nated water in an emulsion state is accelerated by adding a 

surfactant and/or an antifoamer, and said agglomerated oil 

5 particles are floated with air bubbles, whereby oil separa­

tion can be effected with much better efficiency than that 

of the prior art. Thus, the present invention is suitable 

for the case of separating an oil contained in aqueous 

washing water and reusing water, so that the present inven-

10 tion contributes greatly to the industry. 

·--------- ·--- ------
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Claims: 

1. An oil separating method in which oil-contaminated 

water in a separation tank is mixed with air bubbles in a 

5 bubble-generating apparatus provided at the bottom of the 

separation tank to jet out said air-water mixture into the 

separation tank, 

10 

15 

wherein a surfactant is previously added to the oil­

contaminated water. 

2. The method according to Claim 1, wherein in addition 

to the surfactant, an antifoamer is pr_eviously added to the 

oil-contaminated water. 

3. The method according to Claim l, wherein the surfac-

tant is added in an amount of 10 to 20 ppm. 

4. The method according to Claim 2, wherein the surfac­

tant and the antifoamer are added in amounts of 10 to 20 

20 ppm and 15 to 30 ppm, respectively. 


