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ABSTRACT 
   
This paper presents initial experimental results of non-destructive supervision of the steel 
quenching process. Specimens are quenched in water or polymer-water solutions with 10 % or 
20 % concentration. The resulting acoustic emission (AE) is recorded using a piezoelectric 
hydrophone. Basic acoustic emission characteristics of the quenching process, such as signal 
duration, peak amplitude, energy or counts over time are presented. Specimen hardness is 
measured after quenching. A correlation between hardness and AE characteristics is 
established. Results show a nearly linear correlation of hardness and signal duration. This 
method of non-destructive testing could be used as quality control of the steel quenching process. 
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1. Introduction 
   
The quenching process is used in the heat treatment research and industry to harden metals. 
Depending on the type of steel, the specimen is heated to a temperature of around 860 ºC and 
then cooled in a specific quenching media. If the cooling rate is sufficiently high, a diffusionless 
martensitic phase transformation occurs in the material.  
During immersion quenching, several stages of heat transfer from the specimen occur. These 
phenomena are accompanied with the release of transient elastic energy waves, also known as 
acoustic emission (AE). AE can be used to characterize the quenching process in a non-
destructive way.  
Previous work on this topic was performed by Ravnik and Grum [1, 2]. They measured sound 
pressure changes during quenching and discerned heat transfer stages such as the vapour blanket 
and nucleate boiling stage. Prezelj and Čudina [3] recorded the sound pressure field during the 
quenching of steel specimens in different water solutions. Kobasko and Moskalenko [4-6] used a 
noise control system to determine the absence of the vapour blanket heat transfer stage. Stöbener 
and Goch [7] measured the wetting state of specimens by using the pulse-echo ultrasonic 
method.  
This paper proposes a method of monitoring the quenching process using recorded AE 
characteristics. Specimens are quenched in water and polymer-water solutions. A short summary 
of recorded AE characteristics is provided in correlation with specimen hardness after 
quenching. 
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2. Experimental methods 
 

A steel for quenching and tempering, 25CrMo4, was used for the experiments. It was provided in 
shape of round bars and cut to size. Final specimen dimensions were ϕ25×100 mm with a surface 
roughness of Ra = 11.5 µm. The specimens were heated in a furnace to an austenitizing 
temperature of 860 ºC for 40 min. Each specimen was separately removed from the furnace and 
quenched in a sufficiently large glass container. Water, 10 % or 20 % polymer-water solution 
were used as the quenchant. The resulting AE signature was recorded using a piezoelectric Brüel 
& Kjær type 8103 hydrophone and Vallen Systeme AE measurement system AMSY-5. The AE 
measurement system is presented in Fig. 1. The material hardness measurements were performed 
using the Vickers hardness test with a 1 kgf load and 20 s loading time. Hardness was measured 
across the specimen radius with 0.5 mm between measurements. AE characteristics analysis was 
performed using Microsoft Excel.  
 

 
 

Fig. 1: Quenching AE experimental system. 
 

 
3. Results and discussion 
 
The results of peak AE amplitude versus time are presented in Fig. 2 for specimens quenched in 
water, 10 % or 20 % polymer-water solution. When quenching in water, the vapour blanket stage 
of heat transfer exhibits high AE peak amplitudes up to 90 dB. During transition into nucleate 
boiling, the amplitude level decreases. Nucleate boiling stage is characterized by a rapid drop of 
peak AE amplitude in comparison with quenching in 10 % or 20 % polymer-water solution. The 
signal duration of quenching in water reaches up to 20 s. As the nucleate boiling transitions into 
convective cooling the peak AE amplitude decreases below the threshold detection level. When 
quenching a specimen in 10 % polymer-water solution, the polymer coating stage exhibits 
similar peak amplitude levels as the specimen quenched in water. The amplitude decrease in the 
transition stage is more apparent than for water quenching. The nucleate boiling stage lasts 
longer, and the signal duration extends up to 32 s. Nucleate boiling is characterized by a slower 
decrease of amplitude over time. The signal duration is extended due to the lower cooling 
capacity of the 10 % polymer-water solution in comparison with water. When quenching in 20 % 
polymer-water solution, the polymer coating stage is characterized by a low number of detected 
signal packets. The polymer dissolves from the water and surrounds the specimen, resulting in a 
slower cooling rate. The polymer coating then starts to rupture and boil, increasing the peak AE 
amplitude, followed by a decrease of peak AE amplitude due to transition into nuclear boiling 
and the slower bubble generation. The AE signal duration time is significantly longer in this 
case, up to 48 s.  
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Fig. 2: Peak AE amplitude versus time for quenching in water, 10 % or 20 % polymer-water 
solution. 

 
Results of AE energy and cumulative AE energy versus time are presented in Fig. 3 (a) and (b). 
A large portion of the elastic AE energy is released in the vapour blanket or the polymer coating 
stages of the quenching process. Energy release in the nucleate boiling stage is nearly 
insignificant in comparison. Total energy release is the highest in case when quenching the 
specimen in water. The polymer-water solutions with 10 % or 20 % concentration achieve 
similar total AE energy values.  For quenching in 20 % polymer-water concentration, the energy 
release reaches the highest values at the start of the transition stage. 
 

 
 

Fig. 3: AE energy and cumulative energy versus time for quenching in water, 10 % or 20 % 
polymer-water solution. 

 
Results of AE counts and cumulative counts versus time are presented in Fig. 4 (a) and (b) for 
quenching in water, 10 % or 20 % polymer-water solution. All specimens exhibit a high count 
number in the initial vapour blanket or the polymer coating stage. Specimens quenched in water 
or 10 % concentration exhibit a relatively constant count number in the transition and nucleate 
boiling stage. When quenching in 20 % solution, AE counts exhibit a significant increase in the 
transition stage of the process. As is apparent from the count cumulative number versus time, the 
specimen, quenched in 20 % polymer-water solution, achieves the highest count number, as the 
quenching process is also the longest. For specimens quenched in water, AE exhibits a higher 
count number than for specimens quenched in 10 % polymer-water solution. 
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Fig. 4: AE counts and cumulative counts versus time for quenching in water, 10 % or 20 % 
polymer-water solution. 

 
Specimen hardness measurements results are presented in Fig. 5. The specimen quenched in 
water achieves the highest average hardness, 479 HV, followed by the specimen quenched in 10 
% and 20 % polymer-water solution, 465 HV and 416 HV, respectively. All specimens exhibit a 
decrease of hardness towards their core, due to the lower cooling rate in that specific area. A 
summary of recorded AE characteristics is presented in Table 1. 
 
 

 
 

Fig. 5: Specimen hardness across the radius. 
 

Table 1: Specimen hardness and AE characteristics. 
 

PARAMETER  WATER  10 % SOLUTION 20 % SOLUTION 

Hardness[HV 1 ]  479  465  416 

AE signal duration [s]  20.13  31.67  46.35 

Average peak AE amplitude [dB]  63.58  46.98  47.99 

Total AE energy [V2s]  1.64·10-5 6.81·10-6 7.61·10-6 

Total AE counts [/]  274346 116293  910571 
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The correlation between average specimen hardness and signal duration, average peak AE 
amplitude, AE energy and AE counts is presented in Fig. 6 (a)-(d), respectively. The line 
correlations refer to an increase in the polymer-water concentration. AE signal duration and 
hardness correlation is nearly linear and confirms the possibility of monitoring the quenching 
process. The average AE peak amplitude results do not confirm the results of other authors [6], 
as the sound amplitude is not proportional to the intensity of the quenching process in the case of 
10 % and 20 % polymer-water solution. 

 

 
 

Fig. 6: Correlation between specimen hardness and AE characteristics. 
 
 
6. Conclusions 
 
Specimens were quenched in water or polymer-water solutions with 10 % or 20 % concentration 
in order to establish a possibility of monitoring the quenching process using AE non-destructive 
testing. Results provide a comparison of AE characteristics, such as signal duration, average AE 
peak amplitude, AE energy and counts for different quenching conditions. The AE signal 
duration characteristic exhibits a nearly linear correlation with specimen hardness after 
quenching and could therefore be used as a method of steel quenching quality control. 
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