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Black liquor combustion in the recovery boiler pro-
duces molten smelt that flows out of a typical boiler 

through several spouts at temperatures ranging from 
780°C to 830°C, at a flow rate of about 1 L/s per spout. The 
smelt then falls into a dissolving tank, where it dissolves 
in weak wash. Figure 1 illustrates smelt flowing into a 
dissolving tank. To minimize the intensity of the violent 
smelt-water interaction in the dissolving tank, the smelt 

stream is broken up into droplets using high pressure 
steam shatter jets. Shattering the smelt stream into smaller 
droplets also facilitates a more rapid and complete dissolu-
tion of the smelt in the dissolving tank. The resulting solu-
tion, called green liquor, is sent to a causticizing plant to be 
treated and converted back into white liquor.

As molten smelt falls into the dissolving tank, it transfers 
heat to the water in the tank, causing the water to rapidly va-

Acoustic analysis of recovery boiler 
dissolving tank operation and smelt 

shattering efficiency
HUGO LEPAGE, WILLY WONG, MARKUS BUSSMANN, and HONGHI TRAN

SEPTEMBER 2016 | VOL. 15 NO. 9 | TAPPI JOURNAL  591

RECOVERY CYCLEPEER-REVIEWED

ABSTRACT: The interaction of molten smelt and water inside a recovery boiler dissolving tank produces loud 
noise and can be violent even during normal boiler operation. Inadequate shattering of the smelt stream leads to 
even more violent interaction, as evidenced by an increased acoustic intensity of the dissolving tank. On rare occa-
sions, a violent dissolving tank can explode, causing equipment damage and even injury to personnel. To warn oper-
ators of changes in dissolving tank conditions, an acoustics-based monitoring system could be developed. To assess 
the feasibility of such a system, acoustic observations were recorded at three pulp mills. Analysis of the recordings 
indicates that when a smelt stream is not being shattered, the intensity of the dissolving tank soundscape increases 
significantly and the frequency spectrum changes. We also observed a large variation between different mills both 
in average intensity and in signal variance. The results of this study suggest that the development of a monitoring 
system is feasible.

 Application: If an acoustics-based automated monitoring system is successfully developed to track the dissolv-
ing tank activity in real-time and warn boiler operators of changing conditions, it can help pulp mills significantly 
improve their recovery boiler operation and safety.

1. A molten smelt stream shattered by a steam jet before entering the dissolving tank.
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porize. When smelt is well shattered, this rapid vaporization 
is dispersed throughout the tank, and small-scale single drop-
let smelt-water interaction promotes the rapid and complete 
dissolution of large quantities of smelt. But even during normal 
boiler operation, dissolving tanks are loud and violent, and 
the rumbling of some tanks can be felt throughout the recov-
ery boiler. 

When shattering is less effective, heat transfer from the 
smelt will be more locally intense, and lead to the rapid forma-
tion of larger amounts of vapor. In extreme cases, violent dis-
solving tank operation can lead to a dissolving tank explosion, 
causing equipment damage, an unscheduled boiler shutdown, 
and even injury to personnel [1]. In the past 45 years, 34 dis-
solving tank explosions in North America have been reported 
to the Black Liquor Recovery Boiler Advisory Committee 
(BLRBAC) [2,3]. The total number of tank explosions is likely 
higher since not all incidents are reported to BLRBAC.

Experienced recovery boiler operators claim that they can 
sense anomalous tank behavior simply by listening to how it 
sounds. When the acoustic signature of dissolving tank activ-
ity is recognized by operators as atypical, they will seek to 
determine the reason for the anomaly. An automated monitor-
ing system based on acoustics could track dissolving tank ac-
tivity in real-time, and warn a control room of changing con-
ditions. There are several possible causes of upset conditions 
in the dissolving tank. These may include: 1) inadequate smelt 
shattering due to reduced steam flow or shatter jets that are 
fouled and/or misaligned; 2) smelt runoff due to, for example, 
movement of a char bed or when plugged smelt spouts sud-
denly clear [4]; and 3) the presence of high viscosity jellyroll 
smelt that may be difficult to shatter. The use of acoustics 
would be advantageous since a monitoring device could be 
placed outside the dissolving tank, away from the harsh con-
ditions within the tank.

The design of such an automatic system is predicated on a 
better understanding of the acoustic sounds and vibrations 
caused by smelt-water interaction within the dissolving tank. 

These signals must be characterized and isolated from those 
associated with shatter jets, tank agitators, and nearby pumps 
and other machinery. Past and ongoing research at the Uni-
versity of Toronto has focused on smelt-water interaction in 
the dissolving tank [5], smelt shattering effectiveness [6], and 
the possible use of acoustics to monitor dissolving tank op-
eration. 

This paper presents the progress that we have made to date 
on the latter topic, which is the use of acoustics to monitor 
dissolving tank operation. While acoustic analyses have been 
used for years to detect tube leaks in recovery boilers [7-9], 
acoustic monitoring of dissolving tank activity is a novel con-
cept worthy of exploring. 

 
FIELD MEASUREMENTS

In this work, we recorded and analyzed the dissolving tank 
noise signals at three Canadian pulp mills: A, B, and C. The 
recordings at Mill A were taken on December 18, 2013; Mill 
B’s were taken on August 26 and 27, 2014; and Mill C’s were 
on August 28, 2014. 

The equipment used to record the acoustic signal included 
a pre-polarized condenser microphone (PCB 130E20) with 
frequency range of 20 to 20000 Hz (±5 dB), and a high fre-
quency accelerometer (PCB VO622A01) with a frequency 
range of 3 to 9000 Hz (±3 dB). The instruments were con-
nected to a 3-channel signal conditioner (PCB 480B21), which 
in turn was connected to a notebook computer. An external 
USB device (AudioBox, PreSonus Audio Electronics; Baton 
Rouge, LA, USA) was used to stream several channels simul-
taneously. This external sound card kept the signal gain con-
stant, enabling the comparison of the relative noise intensities 
obtained from different dissolving tanks. A sound level meter 
(SoundTrack LxT1, Larson Davis; Depew, NY, USA) correlated 
the voltage recordings from the microphone to sound pres-
sure levels. The open source software Audacity saved all the 
recorded sound signals to files. Figure 2 illustrates the setup 
used during the mill recordings. 

2. Schematic of equipment setup.
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The recording conditions were kept identical for each mill, 
keeping in mind differences in the layout and operating con-
ditions of the plant. In each location, both the microphone 
and sound level meter were mounted on a tripod and placed 
approximately 2 m away from the dissolving tank. The tripod 
was positioned such that it was far from any sound reflecting 
surface. The accelerometer was mounted directly on the ex-
terior wall of the dissolving tank using a magnetic coupler at 
a height half way up from the bottom of the tank. This corre-
sponds to the approximate level of green liquor inside the 
dissolving tank where vibrations were found to be most in-
tense. When the magnetic mount could not be attached di-
rectly to the wall (Mill C), the accelerometer was instead 
mounted on a pipe that was fixed to the dissolving tank.

For the first set of measurements from Mill A, we recorded 
various mill operations using the microphone and accelerom-
eter. During each recording, the sound level meter provided 
an independent measurement and a reference for the absolute 
sound pressure level. For Mills B and C, the microphone, the 
accelerometer, and the sound level meter were recording si-
multaneously, with information from each device being saved 
to a different channel. Continuous recordings at each mill 
captured the conditions of a typical active dissolving tank. In 
order to simulate the malfunctioning of shatter jets, a mill op-
erator adjusted the steam flow rate to the shatter jets.

We analyzed the sound signals to capture the intensity and 
frequency characteristics during both normal operation and 
operation without shattering. Bin widths of 1 s were chosen 
when windowing the signal. This is because 1 s is short 
enough to preserve the time varying characteristics of the 
signal that describes the dissolving tank activity, while reduc-
ing the signal variance and avoiding the introduction of un-
necessary noise. The choice of bin width becomes particu-
larly important for an automatic monitoring system based on 
sound intensity. A system based on the detection of a signal 
exceeding a threshold value must manage a tradeoff between 
rapid detection versus contending with short-time variations 
that can generate false alarms. Window sizes on the order of 
1 s offer the quickest indication of an increase in dissolving 
tank activity without triggering a significant number of false 
alarms.

RESULTS AND DISCUSSION
Accelerometer placement

To determine the location where the dissolving tank wall vi-
brations are most intense, we varied the height at which the 
accelerometer was coupled to the exterior wall. Starting from 
the bottom of the dissolving tank, the height of the acceler-
ometer was varied in 20 cm intervals. As shown in Fig. 3, the 
intensity of vibrations increases to a height of approximately 
1.75 m, which corresponds well to the level of green liquor 
inside the tank. Measurements were also conducted at differ-
ent times during the day, to study longer term variations due 
to changes in mill activity. As a control, the microphone simul-
taneously recorded the dissolving tank soundscape. Each mea-

surement corresponds to a different accelerometer height, 
while the microphone position was held constant. Figure 4 
shows that there is no significant difference in the acoustic 
sound level over time and that the differences in Fig. 3 are due 
primarily to the height of the accelerometer.

Effect of smelt shattering
When shatter jets are turned off, a difference in sound inten-
sity can be perceived, the most notable feature being a louder 
rumbling of the dissolving tank. The intensity of the acoustic 
signal is a good primary indicator of changing dissolving tank 
conditions.

Figure 5 illustrates a transition in dissolving tank activity 
from normal operating conditions when all four shatter jets 
are turned off. The mill operator turned off all four jets at ap-

3. Vibration level as a function of accelerometer height on a 
dissolving tank wall, at Mill B. Measurements were conducted 
twice in one day to ensure that variations in dissolving tank 
intensity during an experiment were not the reason for the 
variation in measured intensity.

4. Sound level of dissolving tank activity as recorded by the 
microphone. Each measurement was taken simultaneously to 
the accelerometer recordings shown in Fig. 3.
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proximately the 40 s mark. However, the time taken to com-
plete the task was only approximately controlled. Comparing 
the regions with and without smelt shattering, one can see a 
clear increase in intensity, about 3 dB, corresponding to a dou-
bling in acoustic energy.

Figure 6 shows the intensity recorded with both the mi-
crophone and accelerometer at Mill B. During the recording, 
an operator shut down all four shatter jets for a period of ap-
proximately 20 s. This procedure was performed twice, lead-
ing to the two regions of increased intensity. Again, a clear 3 
dB increase is observed. The same operation was performed 
at Mill C; however, only one of the four shatter jets was turned 
off in this case. The results are shown in Fig. 7. The periods 
during which the shatter jet was turned off are highlighted in 
red. An increase in intensity due to turning off one shatter jet 
can be vaguely identified with the microphone, but not with 
the accelerometer. 

There are several factors that could explain why the Mill 
C signal is less detectable. Turning off only one of the four 
shatter jets results in changes to the operating conditions of 
the dissolving tank that are significantly less than when all 
four jets are turned off, as was done at Mills A and B. 
Moreover, not only is Mill C the loudest of the three mills, 
but Fig. 6 and Fig. 7 show that the sound signal has a standard 
deviation of approximately 2 dB. This variability is itself 
larger than any observed increase in intensity, and it would 
mask any overall energy change caused by turning off only 
one of four shatter jets.

Figure 8 shows steady state 5-min recordings taken at 
each of the three mills where the intensity values have been 
calibrated with the sound level meter. Figure 9 presents the 
time-averaged intensities at each of the three mills, during 
normal operating conditions, and with the jets turned off. 
These figures reveal significant differences in dissolving tank 
behavior at the three mills. The dissolving tank at Mill C is by 

5. Mill A: Sound intensity recorded by the microphone while 
shutting off the shatter jets.

6. Mill B: Sound intensity recorded by the microphone (top) and 
accelerometer (bottom) while shutting off the shatter jets. There 
is a clear (> 3 dB) increase in signal intensity during the two  
20 s intervals when a mill operator shut down the shatter jets.

7. Mill C: Sound intensity recorded by the microphone (top) and 
accelerometer (bottom) while shutting off a single shatter jet. 
The intervals during which an operator turned off a shatter jet 
are highlighted in red. No clear change in intensity is identified.

8. Sound intensity recorded during normal mill operation.
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far the loudest, and the intensity varies with time much more 
than at either Mill A or B.

A plot of the power spectral density helps us understand 
what is happening when the shatter jets are turned off. For 
example, the spectral analysis of Mill A, shown in Fig. 10, 
reveals that when the shatter jets are turned off, not only 
does the acoustic energy increase, but the power spectrum 
also shifts towards the lower frequencies, as energy in the 
lower frequencies (< 1000 Hz) increases while the higher 
frequency energies decrease noticeably. We speculate that 
the decrease in high frequency energy is associated with the 
absence of shatter jet noise. To test this hypothesis, we re-
corded the acoustic signature of compressed air jets in a 
laboratory using a variety of different nozzle types. As 
shown in Fig. 11, we see that for different nozzle types, the 
jet noise lies primarily in the frequencies above 1000 Hz, 
offering a possible explanation for the drop in energy at high 

frequencies. This in turn suggests that the sounds associated 
with dissolving tank activity lie within the lower part of the 
frequency spectrum. We plan to develop a model of a single 
droplet vapor explosion in order to predict sound as a func-
tion of the physical processes involved in smelt-water inter-
action.

SUMMARY
Although experienced recovery boiler operators can assess 
dissolving tank operation and the effectiveness of smelt 
shattering simply by recognizing when the sound level of 
the dissolving tank changes, an automated monitoring sys-
tem based on acoustics could offer operators more timely 
information on dissolving tank operation. However, before 
such a monitoring system can be developed, the dissolving 
tank soundscape must be characterized, and the effect of 
different operating conditions on the soundscape under-
stood.

According to observations at three mills, turning off shat-
ter jets results in about a 3 dB increase in the dissolving tank 
sound intensity, as well as an increase in the variability of 
the acoustic signal. The mill recordings also indicate that 
the majority of the acoustic energy corresponding to smelt-
water interaction in the dissolving tank lies in the lower 
frequency part of the spectrum (< 1000 Hz). Laboratory 
experiments suggest that the higher frequency part of the 
spectrum corresponds mainly to the noise produced by the 
shatter jets. 

The work presented here contributes to the future devel-
opment of a real-time acoustic-based monitoring system of a 
dissolving tank, by relating the sound and the vibration of a 
tank with smelt shattering efficiency. Future work will involve 
developing a model to correlate the acoustic signal intensity 
to a description of shattering efficiency, which could then be 
used to describe shattering efficiency based on the sound of 
a dissolving tank. TJ

9. Comparison of the average acoustic intensity at three pulp 
mills. For Mills A and B, the soundscape of the dissolving tank 
was recorded with the shatter jets on and when all shatter jets 
were turned off.  For Mill C, only one of four shatter jets was 
turned off.

10. Power spectrum for Mill A dissolving tank activity with all 
shatter jets turned on (blue) and all shatter jets turned off (red). 
When the shatter jets are off, low frequencies (< 1000 Hz) gain 
in intensity and high frequencies (> 1000 Hz) lose energy. 

11. Five different shatter jet nozzles were tested at an airflow of 
10 std. ft3/min (SCFM). The results are compared to the ambient 
noise level in the laboratory. Similar results obtained were for  
a 15 SCFM airflow.
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ABOUT THE AUTHORS
We chose this topic to research be-
cause acoustic monitoring of a dis-
solving tank can possibly help mill 
operators predict upset conditions. 
This research brings together the 
work of several projects at the 
University of Toronto. The study of 
the acoustics of vapor explosions 
was combined with ongoing re-
search on shatter jets, as well as 
smelt droplet size distribution to 
obtain a more complete picture of 
dissolving tank operation. 

The most difficult aspect of this research was to 
isolate the relevant sound information from very 
noisy environments. We addressed this issue by 
asking a mill operator to turn off the shatter jets for 
brief periods of time, allowing us to record different 
tank conditions without the steam jet noise.

We quickly discovered that dissolving tanks were 
noisy and humid and it was best not to be around 
them for too long. The most interesting discovery 
from this research was that noise and vibration 
were most intense near the green liquor line.

If an acoustics-based automated monitoring 
system is successfully developed to track the 
dissolving tank activity in real-time and warn boiler 
operators of changing conditions, it will help pulp 
mills to greatly improve their recovery boiler 
operation and safety.

The next step is to monitor dissolving tank 
behavior over longer time scales and learn about 
the acoustic variability over weeks or months. This 
information can then be correlated with different 
operating conditions.
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