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Abstract 

The cooling performance of water-based quenchant deteriorates continuously in the 
process of using, and finally turns into waste liquid. In order to achieve the purpose of 
recycling quenching waste liquid, a set of technology including nano cavitation 
composite ultrasonic high-efficiency oil removal technology and photoelectric catalysis 
advanced oxidation technology is studied to determine the best treatment time. The 
results show that the cooling performance indexes of waste liquid are all available when 
the process is used for 2h, The quenching waste liquid can be put into production only 
by adding a small amount of stock solution. 
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1. Introduction 

Quenching is an important heat treatment process. Quenching of workpiece is to obtain high and 

uniform surface hardness and enough hardening depth, and there is no quenching crack and small 

quenching deformation on the surface [1]. The ideal quenching medium should make the workpiece 

rapidly cool in the high temperature stage, make the workpiece quickly pass through the pearlite and 

bainite transformation zone, so as to obtain sufficient and uniform surface. 

However, the quenching fluid will continue to deteriorate in the process of use, resulting in 

insufficient hardness, deformation, cracking and other defects of the workpiece [3]. There are a 

variety of reasons for the deterioration of quenching liquid: first, heterogeneous grease, hydraulic oil 

leaked from machine tools and antirust oil brought by workpieces will be emulsified into the 

quenching liquid, which will extend the steam film stage in the quenching process and delay the 

boiling stage, as a result, the heat loss of the workpiece can not be taken away quickly, thus affecting 

the cooling performance of quenching medium [4-5]; second, the microorganism, dirty oil and the 

effective components of quenching liquid can create conditions for the survival of bacteria, and the 

extracellular secretion of bacteria will cause the quenching liquid to stink [6-7]; third, impurities, such 

as oxide skin and dust brought by the workpiece, will participate in the quenching process, affecting 

the thermal diffusion process of nucleate boiling stage and thus leads to the decrease of quenching 

efficiency; the fourth is the loss of effective components.,during the quenching process, the local 

temperature is too high to cause the quenching cooling medium to oxidize and decompose, and the 

decomposed products no longer have the characteristics of regulating cooling performance, and 

become non effective components existing in the quenching liquid [8]; moreover, after the workpiece 

is quenched, a part of quenching medium will be brought out, and the consumption of this effective 

component can be achieved through daily addition of the original liquid to avoid. 

At present, enterprises generally use harmless treatment for waste liquid to meet the discharge 

standard, but most enterprises do not have the qualification of waste liquid treatment, which greatly 
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increases the cost of sewage discharge of enterprises. In view of the difficult treatment and high cost 

of quenching liquid, this study uses nano cavitation compound ultrasonic high-efficiency oil removal 

technology and photoelectric catalytic advanced oxidation technology as treatment process, and 

detecting is in the process of treatment the cooling performance, oil content, microorganism and other 

indicators of quenching waste liquid in the process of treatment, analyzing its change trend, and the 

best treatment time of quenching waste liquid was obtained by comparison, so as to achieve the 

purpose of waste liquid recycling, effectively saving the cost of enterprise sewage and relieving the 

pressure of enterprise discharge. 

2. Experimental Materials And Methods 

2.1 Subjects 

The experimental object is the discarded quenching fluid after the use of a quenching machine tool 

of a crankshaft Co. LTD. Because of the continuous leakage of hydraulic oil in the quenching machine 

tool, a thick oil layer was accumulated on the surface of the liquid. The thickness of the oil layer was 

more than 10 cm according to the preliminary measurement. Due to the lack of effective oil removal 

facilities, under the action of surfactant, these oil have fused with the quenching liquid to form another 

phase with high viscosity. The liquid system in the whole liquid tank is divided into three systems: 

quenching liquid, quenching liquid / oil phase substance and oil; and there are more domestic and 

production wastes floating on the surface. The cooling performance of quenching liquid below oil 

layer is found to be below the standard after testing, so it is placed outside for treatment. 

2.2 Experimental Technology 

In order to realize the recycling of quenching liquid and effectively remove the solid impurities, oil 

and microorganism in the waste liquid, the process flow chart is shown in Fig. 1. 

 

Fig. 1 process flow chart of quenching liquid recycling 

 

Firstly, the impurities of 50 μm and above in the quenching liquid were filtered. Then, the emulsified 

oil in the waste liquid was converted into free oil by nano cavitation combined with ultrasonic high-

efficiency oil removal technology. The free oil floats on the liquid surface under the buoyancy. Then 

the free floating oil on the liquid surface was removed by super hydrophobic active molecular 

coagulation technology, and then the photoelectric catalysis advanced oxidation technology was used 

to inactivate the microorganisms in the waste liquid, finally adds a small amount of the original liquid 

into the treatment liquid, which can make the quenchant return to the normal use of the machine tool. 

2.3 Experimental And Analytical Methods 

2.3.1 Experimental Methods 

The quenching liquid is filtered to remove impurities of 50 μm and above, and then enters the oil 

removal module. In the oil removal module, the hydraulic oil and antirust oil in the quenching liquid 

are removed by the nano cavitation composite ultrasonic high-efficiency oil removal technology. 

After the oil removal, the quenching liquid enters the sterilization module, and the microorganisms 

in the quenching liquid are killed by the photoelectric catalytic advanced oxidation technology.The 

microbial concentration, oil content, maximum cooling rate and 300 ℃ cooling rate were measured 
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every half an hour. The total treatment time was 3 hours. The experimental data were divided into 

three groups in parallel, and the average values of the three groups were analyzed. Finally, a small 

amount of original solution was added to the sample with the best treatment effect to test its cooling 

performance. 

2.3.2 Analysis Method 

The experimental indexes include oil content, microbial concentration, maximum cooling rate and 

300 ℃ cooling rate. The oil content was determined by adding 5% hydrochloric acid to the quenching 

liquid, holding at 75 ℃ for 3 hours., the oil content was calculated by reading the oil layer volume 

on the liquid surface; The microbial concentration was obtained by plate counting method. The 

cooling performance was obtained by IVF SQ2 testing instrument. 

3. Experimental Results And Discussion 

Fig. 3 shows the change of microorganisms with the increase of treatment time in the recycling 

regeneration experiment of quenching waste liquid. It can be seen from Fig. 3 that the microorganisms 

are basically killed after 2 hours of the experiment. The bactericidal mechanism of photoelectric 

catalytic advanced oxidation technology is that when the light source with certain energy irradiates 

the photosensitive semiconductor nano catalytic material, the valence band electrons of the 

semiconductor will be excited to undergo inter band transition, the transition from the valence band 

to the conduction band produces the light-generated electron (e-) and holes (h+).At this time, the 

dissolved oxygen adsorbed on the surface of nanoparticles can capture electrons to form superoxide 

anion, and the hole will react with the water on the surface of the material to form hydroxyl radical 

with strong oxidation. The principle is shown in Fig. 2. Superoxide anion and hydrogen oxygen 

radical have strong oxidizability, which can make bacterial , organic acids produced by bacterial 

metabolism、extracellular secretions and other organic pollutants oxidizing to the final products of 

CO2 and H2O, which can repair the properties of quenching liquid and effectively kill microorganisms. 

 

 

Fig. 2 Mechanism of photocatalytic higher oxidation 

 

Fig. 4 shows the change of oil content with the increase of treatment time. It can be seen that the oil 

content in the quenching waste liquid showed a decreasing trend in the first 2h treatment, and then 

showed an rising trend, but the rising trend was very gentle.The mechanism of nano cavitation 

compound ultrasonic high-efficiency oil removal technology is that nano bubbles are produced by 

nano ceramics, which are quickly broken under the action of negative pressure and positive pressure 

generated by ultrasonic wave, tremendous heat and energy will be generated locally in the process of 

cavitation bursting,It can break the binding force between the quenching liquid and the oil, and 

convert the emulsified oil into free oil. The free oil will float on the surface of the liquid under the 

action of gravity and bubble rising. 
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Fig. 5 and Fig. 6 show the changes of the maximum cooling rate and 300 ℃ cooling rate of quenching 

waste liquid in the experimental process. The maximum cooling rate is an index to judge whether the 

workpiece has enough surface hardness [9]. When the maximum cooling rate is more than 140 ℃ / 

s, the greater the maximum cooling rate, the higher the surface hardness of the workpiece after 

quenching. If the maximum cooling rate is less than 140 ℃ / s, the workpiece is prone to soft spots 

and the surface hardness is not uniform. The cooling rate at 300 ℃ is an index to judge whether the 

workpiece will produce cracks and deformation [10]. When the cooling rate is lower than 70 ℃ / s, 

the smaller the cooling rate at 300 ℃, the less likely the workpiece will be deformed and cracked 

after quenching. If the cooling rate at 300 ℃ exceeds 70 ℃ / s, the workpiece is prone to crack and 

deformation. It can be seen that the maximum cooling rate increases with the increase of treatment 

time, and there was a slight decrease after 2h treatment; The cooling rate at 300℃ showed a 

downward trend, and also showed a rising trend after 2h. which is consistent with the variation law 

of oil content and microbial concentration,so the results show that the oil content and microorganism 

concentration are the factors affecting the cooling performance of quenching liquid. The smaller the 

microbial concentration and oil content, the better the cooling performance of quenching liquid. 

The experimental results show that the cooling performance of the quench liquid treated for 2h is the 

best, but the cooling rate at 300 ℃ has not fully met the requirements of workpiece quenching. Adding 

4% stock solution to the sample, it is found that the maximum cooling rate of quenching liquid 

increases to 172℃ / S, and decreases to 61.3 ℃ / s at 300 ℃, which meets the requirements of 

production. 

 

 

Fig. 3 Variation of microbial concentration      Fig. 4 Variation of oil content 

 

 

Fig. 5 Variation of maximum cooling rate    Fig.6 300 ℃ cooling rate variation diagram 
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4. Conclusion 

The actual test data show that the cooling performance of quench liquid can be improved to a certain 

extent by using nano cavitation composite ultrasonic high-efficiency oil removal technology and 

photoelectric catalysis advanced oxidation technology for 2h. only a small amount of original liquid 

is added, and the quench liquid which has been scrapped can achieve the effect of regeneration and 

reuse. The quenching liquid recycling process can effectively reduce the production of quenching 

liquid waste and the amount of raw liquid added, thus relieving the pressure of blowdown and save 

the waste treatment cost of quenching waste liquid. 
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