NO MORE BLACK BOX
Evaporation and combustion of black liquor – the value
of keeping track of black liquor total solid content
and combustibility

BACKGROUND
A well-functioning chemical recovery process is crucial for a kraft pulp mill, for many reasons
– recovery of active chemicals for white liquor, generating high-pressure steam and
maximizing in-house power generation bring some. By gradually evaporating the black liquor
from the digester, an original solid content of weak black liquor of around 10-15% reaches about
80% – heavy black liquor. Combustion of heavy black liquor provides most of the energy used
in the entire pulping process and is necessary to recover the chemicals NaOH and Na2S. With
close to seven metric tonnes of black liquor for every tonne of pulp produced, the need to handle black liquor effectively is obvious.

THE CHALLENGE
To keep track of evaporation efficiency and avoid fouling and scaling throughout the process,
it is important to keep track of the composition and the total solid content of black liquor. Due
to its sticky and scaling nature, most traditional instruments for analysing black liquor are
heavily affected and need steam, secondary piping, and infrastructure to function.
The combustion of a complex medium such as black liquor is also associated with a lot of
challenges. Fluctuations in the composition and in properties such as viscosity, density,
total solid content and pressure all affect burnability and drop formation when entering
the recovery boiler.

THE SOLUTION
Analysing the total solid content of black liquor
with a non-invasive instrument means that most of
the drawbacks due to the nature of the fluid are eliminated. Also, there is no need for any secondary infrastructure, such as steam, air or a bypass flow;
installation can take place during full production and
no radioactive substances are used. Acosense’s
approach of “listening” to the process and analysing
large amounts of data also makes it possible to map
the black liquor on an entirely new level, to identify
different types and see far deeper into the properties
and combustibility than total solid content data alone.
Analysing specific parts of the acoustic spectrum,
associated with damping due to scaling, can also
indicate scaling or fouling progress.

BENEFITS
•

Installation during full production – no need to wait for a production stoppage

•

No need for secondary infrastructure or cleaning agents such as steam

•

Analyses the total solid content

•

Indicate scaling progress – immediate feedback on scaling progress makes troubleshooting easier

•

Mapping black liquor burnability – beyond solid content

•

The same hardware for washing, circulation, weak, intermediate and heavy black liquor

•

Added features activated remotely – on demand

The possibility to continuously monitor the properties of the black liquor all the way from the
digester to the recovery boiler significantly increases the ability to optimize the recovery
process, reduce steam consumption and maximize power generation. Mapping black liquor
burnability and fluid properties beyond solid content provides a solution to optimize recovery
boiler operation on an entirely new level.

ACOSENSE APPROACH
Operators and process engineers are constantly
working with the challenge of avoiding unfavourable
solid contents, while at the same time making sure the
evaporation is efficient. Continuous monitoring of all
relevant properties and scaling progress, for example,
gives the operator the tools they need to keep the
process as close to optimum as possible.
Acosense online instrumentation uses acoustics to
analyse process fluids in pipes – continuously and in
real time – without invasive installation procedures
or secondary infrastructure to keep the instrument
clean, such as steam. The technology is easy to use,
flexible and presents brand new opportunities for
continuous monitoring, analysis and optimization
of industrial processes.
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One example of process stage analysis. The picture is a
visualization of a rough acoustic analysis of the black liquor
entering the recovery boiler. The dark areas indicate flashing
and with deeper investigation of the acoustic spectra, early
indicators are identified and flashing is potentially avoided.

Only by keeping track of relevant fluid properties and
mapping favourable and unfavourable process stages is
it possible to truly optimize the evaporation and recovAccelerometer
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ery process. Real-time scaling build-up indication and
being able to predict also the burnability of the black
liquor when it enters the recovery boiler, brings a new
set of tools to optimization, troubleshooting and

Schematic drawing of Acosense’s setup. All components are
installed on the outside of the pipe or tank.

process control.

THE RESULTS
The instrumentation consists of sensors for generating
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process the signals. Additionally, a computational unit
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is used for control, computation, signal processing and

analysis of all types of black

prediction of the fluid property.

liquor. Even though high
specific accuracy is a good

The sensors are attached to the outside of the pipe

quality indicator, the main

using heat-resistant adhesive and the signal unit is

advantages for most operators

placed nearby. The signal unit continuously sends a

are the trend, the ability to see

custom-made acoustic signal through the actuator and
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receives the recorded signal from the accelerometer.

of process transitions.

These signals are then processed and forwarded to the
calculation unit which, after further processing of the
data, presents the result through a display, to the local
DCS system or through an interface of your choice.
For black liquor applications, the technology can be
used to analyse e.g. example total solid content,
density and the scaling progress.

PCA analysis indicating
scaling build-up in real time.

ACOSENSE
Based in Gothenburg, Sweden, Acosense provides
instruments and optimization solutions to customers
in the Pulp & Paper industry in Europe, Asia and South
America. With around 70 installations so far (2021),

POTENTIAL SAVINGS
•

evaporation process
•

the technology has, apart from black liquor applica-

Lower steam consumption during the
No need for secondary infrastructure providing
e.g. steam

tions, been proven in green liquor, wastewater, pulp,
coating colour and starch applications.

•

No maintenance or replacement

The non-invasive approach means that there are

•

More power generated

literally no negative effects on the process – no need

•

Avoiding severe problems with early detection

of components

to stop production, no risk for the user and no need

of variation in the process, scaling and solid

for secondary infrastructure – or any wear and tear on

content etc.

the hardware. One set of hardware, with tailor made
software, can provide up to three fluid properties and
at the same time deliver full process section analysis

Example 1:
A rough estimate shows that secondary
infrastructure, such as piping and labour to

with indications regarding e.g. unwanted process

provide steam and air, adds an extra €10,000

stages or unwanted substances in the process.

in direct costs.
Example 2:
Keeping track of washing liquor solid content and

Examples of customers and partners

minimizing water entering the digester, while ensuring digester operation, saves several metric tonnes of
steam downstream in the evaporation process. SCA
Östrand estimates a €300,000-500,000 saving per
year by optimizing washing liquor control with
Acosense instruments.
Example 3:
By keeping track of fouling or scaling build-up in real
time, brand new ways to manage evaporation efficiency
are available. Real-time and online feedback on scaling
when changing e.g. production settings or additives,
increases the potential to optimize the process.
Example 4:
By detecting variations before they become severe
problems, stabilizing the solid content and using less
steam saves an estimated €0.5/bdt.
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