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What is evaporation?

Industrial evaporation is
employed for the large-
scale production of concen-
trated solutions, playing a
critical role in the manufac-
ture of a variety of products
in the process industry,
including organic and inor-
ganic chemicals, speciality
and fine chemicals, poly-
mers, fertilizers, pulp and
paper, pharmaceuticals and
foods. Nowadays evapora-

tion is also widely used to
produce water and to treat
effluents and waste waters,
often allowing  the recovery
of valuable products.

Scope of evaporation sys-
tems is to concentrate a
solution consisting of a non-
volatile solute and a volatile
solvent (usually water) by
evaporation of the last one,
obtaining a thick liquor or a
crystalline slurry or a distil-
late.

Even if this principle is
essentially a simple one,
industrial evaporation tech-
nology requires efficient
and economically optimized
systems, designed specifi-
cally for the solution media
concerned.
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Technology and experience

Our expertise is based on
the realization of more than
one thousand facilities. Beside
plants for crystallization
many of them are evapora-
tion plants, or complex sys-
tems with integrated evapo-
ration processes. Basing on
our field experience, on our
knowledge of the chemical
and physical properties of
intermediate and finished
products, on the result of
tests performed in our Re-
search Center and on the
use of MESSO proprietary
computer programs we are
able to carry out the most
suitable and cost-efficient
plant concept for each indi-
vidual customer and to mini-
mize operating costs, irre-
spective of whether the
project concerns:
■ Production
■ Regeneration
■ Environmental protection

1
Spin bath regeneration plant

2
Vinasse concentration unit with 
potassium sulfate crystallization
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Our experience in crystalliza-
tion makes us predestinat-
ed for those cases, where
precipitation will occur dur-
ing an evaporation process.

Evaporator types

Depending on the composi-
tion of the solution, its tem-
perature-related behaviour
and its viscosity, the encrus-
tation properties of the dis-
solved substances, and last
not least the production
capacity required, we equip
our systems with various
evaporator types based on
the following main designs:
■ Forced circulation 

evaporators
■ Natural circulation 

evaporators
■ Falling film evaporators 
■ Horizontal tube 

evaporators
■ Flash evaporators

2



Maximum 

cost-efficiency

Special attention is directed
to the relationship between
capital expenditure and
energy costs – the factors
governing the profitability
of a plant. Each plant is
designed and individually
adapted to the special con-
ditions of the customer’s
applications.

Efficient processes

According to the availability
and the cost of the energy,
the process concepts
which we employ are as
follows:
■ Multiple-effect 

evaporators
■ Thermal vapour 

recompression
■ Mechanical vapour 

recompression
■ Combined processes
■ Flash evaporation

Vinasse concentration unit with 
potassium sulfate crystallization,
32 t/h evaporation
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Evaporator designs – the ideal type for each application

The selection of the most
suitable evaporator for each
application is based on the
chemical and physical prop-
erties of the solution in
question. 

Forced circulation 

evaporator

The universal type, used to
concentrate scaling and/or
viscous liquors and when
crystallization is consequent
to concentration.

In this equipment, concen-
trating liquor is kept in circu-
lation by a high flow pump
through the heat transfer
surface (that can be exter-
nal or internal) and evapora-
tion of heated liquor takes
place in the vapour body by
flashing. 

According to requirements,
circulation inlet to vapour
body can be central or tan-
gential, submerged or not
submerged. Special design
is provided to concentrate
foaming liquors.

External heater can be sin-
gle-pass vertical or horizon-
tal multi-pass.

Natural circulation 

evaporator

Compact, straightforward
design; used for not scaling
solutions not leading to
crystallization. Suitable for
the low-to-medium concen-
tration duty range. It may
have internal or external
heat exchanger.

Falling film evaporator

In a falling film evaporator,
liquor is distributed at the
top of the tubular heat ex-
changer and flows down-
ward creating a film. The
turbulence of the descend-
ing film, created by the
vapour generated by boiling,
results in high heat transfer
coefficients and reduced
contact times. There is no
static head to affect the
temperature driving force,
so that the unit can operate

at very low ∆T between
heating steam and liquor.

Vapour-liquid separation is
performed at the bottom of
the heater, in an integrated
vapour body or in a separat-
ed one, obtaining very low
entrainments.

Film mechanism and 
short residence time 
makes this evaporator 
best suitable to treat non-
crystallizing solutions which
are temperature-sensitive,
even if very viscous. 

Horizontal tube 

evaporator

It employs horizontal tube
bundles as heat transfer
surface. Heating medium
flows inside tubes and pro-
cess solution is distributed
over the tube bundle form-
ing a film.

Suitable for non-crystallizing
solutions which are temper-
ature-sensitive. High specif-
ic heat transfer.

Flash evaporator

Evaporation takes place by
adiabatic expansion, so that
no heating surfaces are con-
tacting the concentrated
process solution. Suitable
to treat solutions containing
scaling and crystallizing sub-
stances.  

When used as a ”multi-
flash”, up to 30 stages, the
net energy input can be
very low. 

Forced circulation evaporator 
with internal heat exchanger 
(Roberts type)

Natural circulation evaporator:
short tube vertical with external 
heater

Vapours

Concentrated
liquor

Thin
liquor

Condensate

Heating
steam

Phosphoric acid concentration, 
42 t/h evaporation

Vapours

Concentrated
liquor

Thin
liquor

Condensate

Heating
steam

Vapours

Heating
steam

Condensate

Thin
liquor

Concentrated
liquor

Forced circulation evaporator 
with external heat exchanger
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Horizontal tube evaporator

Falling film evaporator
once-through, with external 
vapour body

Vapour

Concentrated
liquor

Thin liquor

Condensate

Heating steam

Falling film evaporator with external recirculation, 
integrated vapour body

Flash evaporator, horizontal design

Concentrated
liquor

Vapours

Thin
liquor

Vapours

Concentrated
liquor

Thin liquor

Condensate

Heating steam

XXXXXXXXXXXXXXX

Vapours

Concentrated
liquor Thin

liquor

Conden-
sate

Heating steam

Evaporator type Fluid viscosity Fluid conditions accepted

Horizontal film very low (<20 mPa s) non-crystallizing, moderate scaling or fouling, heat-sensitive

Natural circulation low (<50 mPa s) non-crystallizing, salting, low scaling

Flash type medium (<100 mPa s) crystallizing, scaling

Forced circulation high (<300 mPa s) crystallizing, high salting, high scaling

Falling film very high (<1500 mPa s) non-crystallizing, low scaling, heat-sensitive

Flash evaporator, vertical designKey to select an evaporator according to viscosity

Concentrated
liquor

Vapours

Thin
liquor
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Energy saving

One of the outstanding fea-
tures of MESSO evaporation
systems is the reduction of
the production cost to the
minimum. This is achieved
by minimizing the energy
input relative to vaporization
capacity and obtaining long
and stable operating cycles
with minimal maintenance.

We are able to meet the
specific requirements and
satisfy the conditions of
each application by select-
ing the most suitable
process design.

Multiple effect

In multiple-effect configura-
tion, vapours generated in
each evaporator body are
used to heat the following.
Last effect is maintained 
at high vacuum and its
vapours flow to a final con-
denser. According to the
various arrangements and
product characteristics 
each effect can generate
0.8 – 0.9 kg of vapour for
each kg of live steam 
condensed in first effect
heater.

Co-current flow:
solution and vapour flow 
in the same direction

Mixed flow
with the use of an air-cooled evapora-
tor as last effect avoiding necessity of
cooling water

Concentrated
liquor

Thin
liquor

To condensationHeating steam

Concentrated
liquor

Thin
liquor

Heating steam
Air out

Air in

Countercurrent flow:
solution flows in the opposite 
direction to the vapour

Thin
liquor

Concentrated
liquor

To condensationHeating steam

Parallel flow:
solution is fed in parallel 
to all stages

Concentrated
liquor

Thin
liquor

To condensationHeating steam

Pilot facility for the elimination of flue-gas serubber effluent water

Vinasse concentration unit with 
potassium sulfate crystallization,
40 t/h evaporation
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Multiple stage flash evaporator

Thermal vapour 

recompression

When high pressure steam
is available, this can be
used to compress a part of
the vapours generated in
the evaporator to be re-
used as heating medium.
Balance is condensed or
used to heat a following
effect.

Mechanical vapour 

recompression

In mechanical vapour
recompression (MVR) all
the vapours generated are
increased in pressure by
means of a compressor to
be re-used as heating medi-
um. No steam is needed
(except for start-up) and no
cooling water is required.

The compressor can be
centrifugal, axial, volumetric
or fan-type. MVR systems
can be arranged in single or
multiple-effect, single or
multiple stage.

Electrical consumption per
kg of water evaporated
depends mainly on solution
characteristics (boiling point
elevation, heat transfer
coefficient) and in general
can vary from 15 to 
40 kW/ton of evaporated
water.  

Flash evaporator

Flash evaporators are 
usually arranged in multiple
stages, with generated
vapours preheating the 
feed solution.  

Thermal recompression:
single-effect

Mechanical vapour recompression:
single-effect

Concentrated
liquor

Heating steam

Thin
liquor

To condensation

Mechanical vapour recompression:
double-effect

Thermal recompression:
triple-effect co-current

Concentrated
liquorThin

liquor

Motive steam

To condensation

Concentrated
liquor

Motive steam

Thin
liquor

To condensation

Concentrated
liquorThin

liquor

Electrical
energy M

Concentrated
liquor

Electrical
energy

Thin
liquor

M
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Phosphoric acid concentration plant,
42 t/h evaporation capacity
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Products evaporated and concentrated in Messo evaporation facilities

Chemical and basic 

process industry

■ Caustic soda
■ Caustic potash
■ Sodium chloride
■ Potassium chloride
■ Sodium chlorate
■ Sodium carbonate
■ Sodium sulphate 
■ Sodium sulphite
■ Ammonium nitrate 
■ Ammonium sulphate
■ Calcium chloride
■ Magnesium chloride
■ Sodium aluminate
■ Pentaerythritol 
■ Sodium formate
■ Sulphuric acid
■ Spin bath
■ Caprolactam
■ Phosphoric acid
■ Superphosphoric acid
■ Urea

The field of application of
MESSO evaporators is very
wide, the following list
being just indicative:

Life sciences industry

■ Citric acid
■ Malic acid
■ Tartaric acid
■ Glucose
■ Dextrose
■ Fructose
■ Erythritol
■ Corn steep water
■ Liquid sugar
■ Distillery and yeast 

vinasses 
■ Corn stillages
■ Vitamin C
■ Monosodium glutamate 
■ Amino acids
■ Fish stick-water
■ Gelatine
■ Milk and whey

Environment protection

■ Landfill leachates
■ Effluents from flue gas 

scrubbers
■ Cooling tower and 

power plants blow-down
■ Pharmaceutical waste 

water
■ Radioactive effluents
■ Any liquid waste 

reduction by 
concentration
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MESSO S.A.
9, Av. du Val de Fontenay
94132 Fontenay-sous-Bois
France
Phone (+33/1) 45 14 01 23
Fax (+33/1) 48 75 02 12
eMail: messo@messo.fr

MESSO AG
Buerglistrasse 29
8401 Winterthur
Switzerland
Phone (+41/52) 2 62 52 00
Fax (+41/52) 2 62 52 06
eMail: contact@messo.ch

MESSO-CHEMIETECHNIK GmbH
Friedrich-Ebert-Strasse 134
47229 Duisburg
Germany
Phone (+49/20 65) 90 30
Fax (+49/20 65) 90 32 99
eMail: info@messo.net

Bio-Ingenieurtechnik GmbH
Hans-Weigel-Strasse 2
04319 Leipzig
Germany
Phone (+49/3 41) 2 57 54 20
Fax (+49/3 41) 2 57 54 00
eMail: sekretariat@bioingenieur.de

MESSO Inc.
563 North Oak Street
Hinsdale, IL. 60521
USA
Phone (+1/708) 6 72 10 68
Fax (+1/708) 6 72 10 67
eMail: t.fakatselis@messo.net

MESSO Italia S.r.l.
Via E. Gadda, 3
20063 Cernusco sul Naviglio
Italy
Phone (+39/02) 9 24 00 46
Fax (+39/02) 9 24 10 11
eMail: messoitalia@libero.it

Range of Products

Crystallization and
evaporation technolo-
gies for the chemical,
pharmaceutical and
food processing indus-
tries, e.g.:
(Entire technology con-
cepts, based on precipita-
tion, evaporation, crystalliza-
tion)

■ Common salt production
plants

■ Reaction crystallization
plants for several
base/acid reactions

Plants for environmen-
tal protection 
(Based on precipitation, 
evaporation, crystallization)

■ Pickling bath liquor recy-
cling plants

■ Spin bath regeneration
plants

■ Landfill leachates concen-
tration plants

■ Industrial waste water
elimination plants

■ Treatment plants for slags
from the secondary alu-
minium industries

■ Vinasse concentration

Plants for chloralkali
technology
(Based on various unit oper-
ations)

■ Chloralkali elektrolysis
plants

■ Chlorine processing and
handling plants

■ Brine preparation and
purification plants

■ Production of inorganic
chemicals

Plants for biological
process technology for
the chemical, pharma-
ceutical and food pro-
cessing industries, e.g.:

■ Citric acid production
plants

■ Radical vinegar production
plants

■ ß-Carotin production
plants

MESSO TECHNOLOGIES GROUP


