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Abstract 
 
We propose a recycling system that can recover the useful water from the spent water soluble coolant by using a surfactant and pow-

dered activated carbon. The processing of about 70 liters of actual spent water soluble coolant yielded about 60 liters of clear water with 
6.7 of pH and 0.0 of Brix value. About 120 liters of recycle water-soluble coolant was prepared by diluting an emulsion type cutting fluid 
20 times with the recycle water. The recycle coolant has been showing the very similar Brix value and pH changes as those of virgin 
coolant until 100 days usage. The recycle coolant also showed the same potential to inhibit the progress of flank wear as that of virgin 
coolant. These facts indicate that the recycled water can be utilized as a dilutor of renewal water-soluble coolant. 
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1. Introduction 

A water-soluble coolant has been widely used as a cutting 
fluid in various machining process. The main problem with 
water-soluble coolants is that they become contaminated with 
use and have to be replaced with new ones, thus yielding 
waste coolant. The water soluble coolant contains over 300 
kinds of substances and the waste coolant must be treated 
properly before disposal. The methods used in the treatment 
are based on the separation of the oily phase from the aqueous 
phase. Traditional treatment methods require high energy 
consumption or the application of a variety of chemicals, 
which decreases the processing efficiency and increases the 
cost of the process: 30 to 100 yen/L in Japan. In addition, the 
treated water phase often has high BOD and COD levels [1]. 

To reduce the management cost and environmental load of 
water-soluble coolant, we have been studying a recycling sys-
tem for water-soluble coolant [2, 3]. In this paper, we propose 
a recycling system that can recover the useful water from the 
spent water soluble coolant by using a surfactant and pow-
dered activated carbon. Then we show the system perform-
ance of recycling system obtained from the processing of ac-

tual spent water-soluble coolant on a 70 liter scale. Finally, we 
examined the fluid ability of recycle coolant through a drilling 
experiments. 

 
2. Experimental 

2.1 Description of recycle system 

Fig. 1 shows the basic idea of recycle system for water-
soluble coolant. The water-soluble coolant is usually deterio-
rated due to the oxidation of oily additives and contamination 
of tramp oils, chips and microorganisms. Although most of 
the contaminants can respond to well established processing 
techniques such as chemical processing and ultrafiltration, 
some components are difficult to separate. So the recovered 
water is not always drainable as an industrial waste water. In 
the proposed system, we considered that the recovered water 
is utilized as a dilutor of renewal coolant together with the 
difficult-to-separate components. 

 
2.2 Water-soluble coolant 

The spent water-soluble coolant had been used as a cutting 
fluid for about 6 months in a machining center of Yonago 
National College of Technology in Tottori. The original wa-
ter-soluble coolant (virgin coolant) was prepared by diluting 
an emulsion type water-soluble cutting coolant, 20 times with 
tap water in Yonago city, Japan. 
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Fig. 1. Basic idea of recycle system for water-soluble coolant. 
 

 
 
Fig. 2. Process of how to treat water-soluble coolant. 

 
2.3 Processing of spent water-soluble coolant  

About 70 liters of spent water-soluble coolant was proc-
essed by using a trial apparatus. Fig. 2 shows the process of 
how to recover the water from spent coolant. The water recov-
ery process consists of three major steps. At the first step, the 
tramp oil, mostly lubricating oil, is removed by using a gravity 
flow with high frequency vibration. In the second step, the 
emulsified oil is separated from the coolant by adding a sur-
factant. Addition of surfactant gets rid of the stability of emul-
sion through reacting with the emulsifier already existing in 
the coolant. The water/oil separation leaves an aqueous solu-
tion containing some organic and inorganic substances. Fi-
nally, to recover the recycle water, the residual substances are 
separated from the aqueous solution by filtrating with pow-
dered activated carbon bed. 

 
2.4 Reusing of Recycle Water-soluble coolant 

The recycle coolant was prepared by diluting the emulsion 
type water-soluble cutting coolant 20 times with recycle water. 
Before preparing the recycle coolant, the recycle water was 
heated up to 373K for 30 minutes to sterilize, because some 
pieces of microorganisms, which often promote the deteriora-
tion of water-soluble coolant, were retained in the recycle 
water. To observe the fluid ability change of virgin and recy-
cle coolants in operation, we measured the Brix value, pH and 
anti-corrosion performance every two weeks. The Brix value 
is proportional to the concentration of effective components in 
the water-soluble coolant. To evaluate the fluid ability of re- 

Table 1. Cutting conditions in drilling test. 
 

Tool 

High-speed steel 
Parallel shank solid drill 
(without oil hole) 
Diameter 8 mm 

Cutting speed 40 m/min 

Feed 0.15 mm/rev 

Work piece 
Material : S50C 
Thickness : 25 mm 

(through hole) 

 
cycle coolant, drilling tests were conducting intermittently 
ranging over the total of 100 days. The cutting conditions are 
summarized in Table 1. 

 
3. Results and discussions 

3.1 Performance of oil separating system  

Before processing the actual spent water-soluble coolant 
with trial apparatus, the basic performance of the oil 
separating system was experimentally examined by using a 
small-scale (1L/batch) apparatus. The surfactant treatment and 
filtration with powdered activated carbon (AC) bed play the 
most important role in the water/oil separation. Fig. 3 shows 
the Brix value change against the dosage of surfactant, when 
an cationic surfactant was added into the virgin and spent 
water-soluble coolants. The Brix value maintained the initial 
value, around 6.0, until the dosage came up to about 1.0wt% 
and then descended suddenly down to around 0. At the 
moment when the Brix value was down to around 0, most of 
the oil phase was isolated in the upper layer. The Brix value 
started to increase gradually by dosing an excess surfactant. 

The surfactant treatment left an aqueous solution containing 
some pieces of inorganic and organic substances. To separate 
these residues, the aqueous solution was filtered with 
powdered AC bed. In the powdered activated carbon bed, a 
large number of narrow channels were formed by 
consolidating the activated carbon powders under reduced 
pressure (320hPa). When the aqueous solution is passing 
trough the powdered AC bed, most inorganic and organic 
substances are absorbed on the activated carbon. The volume 
of filtrate increased in proportion to the filtration time and the 
virgin and spent coolants showed the same rate of filtration, 
about 0.03 cm3/cm2・s. 

 
3.2 Water recovery from water-soluble coolant  

About 70 liters of spent water-soluble coolant was 
processed by using a trial apparatus. Fig. 4 shows external 
appearances of coolant in the removal step of tramp oils, 
emulsion breaking step and powdered activated carbon 
filtration step. The material balance through the processing is 
summarized in Table 2.  

The gravity flow with high frequency vibration can separate 
tramp oils continuously from the coolant and leave lubricating 
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oil free coolant. In the emulsion breaking step, a cationic 
surfactant was mixed into the lubricating oil free coolant at 
about 10g per 1kg of coolant. The added surfactant obstructed 
the action of surfactants. As a consequence, the emulsified oil 
was separated as a floating matter. In this experiment, about 
120g of floating oily content was generated per 1kg of 
lubricating oil free coolant. Removing the floating oily content 
left a yellowish brown aqueous solution containing some 
pieces of inorganic and organic substances. To eliminate these 
substances, the yellowish brown aqueous solution was filtered 
with powdered AC bed. The filtration of aqueous solution 
yielded about 60 liters of clear water with 6.7 of pH and 0.0 of 
Brix%.  

Finally, the clear water was heated up to 373K for 30 
minutes to sterilize because some pieces of microorganisms, 
which often promote the deterioration of water-soluble coolant, 
were retained in the water. To estimate microbial population 
in the recovered water, colony growth was examined by 
readymade culture plates. No colony growth of colon bacillus, 
staphylococcus and fungus was found as shown in Fig.5. 

 
3.3 Fluid ability of recycle coolant 

About 120 liters of recycle water-soluble coolant was pre-
pared by diluting an emulsion type cutting fluid 20 times with 
a water mixture of 60 liters of recycle water and 60 liters of 
tap water. Fig. 6 shows the external appearance of recycle 
water and recycle coolant. No water/oil separation and the 3rd 
phase formation were found both in the recycle and virgin 
coolants. To keep a fluid’s ability to perform its role in ma-
chining, the cutting fluid has its own optimum range in oil 
concentration, pH Level, microbial contamination and corro-
sion inhibition. Table 3 shows the essential characteristics of 
virgin and recycle coolants right after preparation. Both virgin 
and recycle coolants show the same characteristics and have 
the proper fluid properties as the cutting fluid. 

To examine the aged deterioration of recycle coolant, the 
recycle coolant has been used as the cutting fluid in a machin-
ing center of Yonago National College of Technology since 
April 7th, 2008. The aged deterioration test of virgin coolant 
had also been done from July 7th, 2007 to March 21, 2008 by 
using the same machining center. Even after about 100 days 
usage, no breaking down or deterioration of emulsion was 
found in both virgin and recycle coolants. Fig. 7 shows the 
Brix value and pH changes of virgin and recycle coolants 
during the long time usage. The recycle coolant showed very 
similar Brix value and pH changes as those of virgin coolant 
until 100 days usage. Namely, the recycle coolant had the 
same service life as that of virgin coolant.  

To examine the ability change of recycle coolant in the ma-
chining process, a drilling test was conducted intermittently 
for over 100 days. Fig. 8 shows the relation between the num-
ber of machine holes and tool wear. In the dry cutting condi-
tion, the drill was broken at the 36th hole drilling due to the 
adhesion. On the contrary, the recycle coolant showed the  

Table. 2. Materials balance through processing of spent coolant. 
 
Input 
 
 
 
 

Spent water-soluble coolant 
Surfactant 
Powdered activated carbon 
Others River sand (Reusable) 
Electric power 

70 L
0.7 kg

1.05 kg

Output 
 
 
 

Recycle water 
Lubricating oil 
Floating oily content 
Activated carbon (Regenerative) 

60 L
4.0 kg
9.5 kg
1.1 kg

 
 

 
 
Fig. 3. Relation between dosage of surfactant and Brix value. 
 
 

 
 
Fig. 4. External appearance change of actual spent coolant through 
the processing. 

 
potential to inhibit the progress of flank wear as well as the 
virgin coolant. The flank wear was around 200 µm even after 
100 holes drilling and there was no breaking down of drill. 
The long time usage, over 100 days, of recycle coolant also 
showed no effect on the flank wear; the recycling coolant kept 
its ability in drilling process at least for 100 days of usage. 
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Table. 3. Characteristics of virgin and recycle coolants. 
 

 
 

 
 
Fig. 5. Colony growth in recycle water. 
 

 
 
Fig. 6. External appearance of recycle water and coolant. 
 

 
 
Fig. 7. Brix value and pH changes during long time usage. 
 

 
 
Fig. 8. Relation between number of holes and tool wear. 

4. Conclusions 

We propose a recycling system that can recover the useful 
water from the spent water soluble coolant by using a surfac-
tant and powdered activated carbon. The processing of about 
70 liters of actual spent water-soluble coolant yielded about 60 
liters of clear water with 6.7 of pH and 0.0 of Brix value. No 
colony growth of colon bacillus, staphylococcus and fungus 
was found in the recycled water. 

About 120 liters of recycle water-soluble coolant was pre-
pared by diluting an emulsion type cutting fluid 20 times with 
a water mixture of 60 liters of recovered water and 60 liters of 
tap water. The recycled coolant had been used as the cutting 
fluid in a machining center since April 7th, 2008. The recycled 
coolant showed a very similar Brix value and pH changes as 
those of virgin coolant until 100 days usage. Namely, the re-
cycle coolant had the same service life as that of virgin coolant. 
The recycle coolant also showed the potential to inhibit the 
progress of flank wear as well as the virgin coolant. In addi-
tion, the long time usage, over 100 days, of recycle coolant 
showed no effect on the flank wear. This means that the recy-
cled water can be utilized as a dilutor of renewal coolant. 

 
References 

[1] M. Kobya, C. Ciftci, M. Bayramoglu, M. T. Sensoy, Study 
on the treatment of waste metal cutting fluids using electro-
coagulation, Separation Purification Technology, 60 
(2008)285-291. 

[2] Y. Kondo, K. Yamaguchi, S. Sakamoto, A metabolic system 
for water-soluble coolant, water source recovery from spent 
water-soluble coolant, Proc. of 1st Int. Conf. on ICMDT, 
Seoul, Korea, CD-ROM, (2005). 

[3] Y. Kondo, K. Yamaguchi. S. Sakamoto, Study on metabolic 
system for water-soluble coolant, effect of multiple recycling 
on performance of water-soluble coolant, J. of Japan Society 
for Precision Engineering, 73 (12) (2007)1356-1361.  

 
 

Kazuya Takada received his B.S. in 
Mechanical Engineering from Tottori 
University, JAPAN, in 2007. He then 
entered Master’s course of Tottori Uni-
versity in 2008. Mr. Takada is currently 
a student at the School of Mechanical 
and Aerospace Engineering at Graduate 
School of Tottori University in Tottori, 

Japan. His research interests include machining and recycling. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


