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FOREWORD

With this monograph, UNIDG s initiating a series of studies on recent
developments in food processing. to be published for the benefit of the
food-processing industries in the developing countries.

The food-processing techniques to be applied, the equipment to be used and the
buildings to be crected in developing countries differ greatly from those found in
industrialized countries. The raw materials vary from country to country, and
differences in capacity of the processing facilities and in the marketing and
distribution facilities for processed foods must be borne in mind. In some instances,
new processing techniques must be developed for tropical or subtropical raw
materials that have not been processed hitherto, even in the developed countries. In
such situations it may be necessary to draw upon experience with other products of a
more or less similar nature. Special attention must be paid to the rapid deterioration

of many food products in tropical climates and to related problems of plant
sanitation and the health of the workers.

The requirements of the marbets in developing countries are of special
importance and will be decisive factors in determining the feasibility of establishing

new industrics, Special low-cost packaging mateials and/or concentrated products
my be required.

A special approach is required in order to meet the technicai and econormic
conditions of food processing in developing countries. In many cases, the technical
advances already in use in developed countries can be applied economically in
underdeveloped countries. Because of technological disadvantages and limited capital
and other resources in developing .ountries, it is evident that the most advanced and
successful process must be used in each case in order to obtain the optimum return
on the investment of capital and human resources. A developing country should not
run the risk of producing processed foods of lower quality or at higher cost than
those of a developed country. The process to be applied must be adapted to the
special characteristics of the available raw materials, the prevailing working
conditions and the special market demands and limitations.

The objective of UNIDO in publishing this series of studies in the
food-processing industry is to make information available to the developing countries
that will help them to gain good technical insight into selected branches of food
processing and to avoid technically obsolescent procedures and processes. It is hoped
that this series of studies will disseminate technological information and know-how

which will serve as reliabie sources of information for governmental authorities as
well as for potential investors.

This monograph was prepared by Mr. Bengt?iallstri)m of Sweden as consultant
to UNIDO. Thanks are due to Alfa-Laval AB, Lund, Sweden, for their generous
co-operation and for permission to use figures from their literature.
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The views and opinions expressed in this paper are those of the consultant and do
not necessarily reflect the views of the Secretariat of UNIDO,
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Fquipnient for concentrating heat-sensitive fiquids
bas for the most part been developed singe |

aird especiallv Tiquid foods
D00, At the beginmimyg of the century
hiquids to be condensed by evaporation were borled m bat

ches at atmospheric
pressire i large open vats. From this stage to the present. verny efficient plants have
developed  that treat the liquids continaousty and genth and that operate veny
cconomicatly in terms of fuel. These two lines of development are, of course.
opposite. Fuel economy requires multiple-stage .lants in which tie heating steam is
used several times. so that one kilogram of water can be evaporated with but g
fraction of a kilogram of heating steam. However. this approach also means that the
liquid must pass through all stages (“effects™) of the plant. This implies a long
in-plant_holding time. Reduction of this tine to a minimum means that the plant
may have but one effect. Such an evaporation process requires a large steam
consumption as much as one kilogram of heating steant might be required to
evaporate a single kilogram of water.

Since the Second World War evaporation teclmology has continued to develop
logicaliy along these 1wo lines. One approach uses inultiple-stage evaporation and has
4 very economicd’ steam consumption. A relatively tong in-plant holding time is
accepted although the time tigures compare very favourably with those of earlier
batch processes. The other approach is based on an extremely rapid e aporation in a
plant that performs only one effect. In plants of this type everything nas been done
to attain a theoretical minimum treatment time, and a high steam consumption is
accepted. However, as this process is normally used for ligh-priced products, the
steam cost is of minor importance,

hu the present study the development of the multiple-stage evaporation process
is considered first., Several interesting designs are observed. One of the first is the
conventional long-tube rising- (or climbing-) film evaporator. which is still widely
used. The liquid to be evaporated enters the vertical tubes at the lower cnd and
passes upwards while boiling. The tube length may range from feur to about seven
meters. This design was developed in France and is classic in the sugar industry, for
instance. The name of Kestner is very often connected with this design.

Forced-circulation evaporation is used for liquids that tend to precipitate and
form deposits on the heating surface. In this system the liquid is repeatedly pumped
through a heat-exchanger where it is heated under enough pressure to keep it from
boiling on the heating surfaces (either tubes or plates). On leaving the heat-exchanger
the liquid is flashed into a vacuum chamber where part of its water is vaporized. A
circulation pump brings the remaining liquid back to the heat-exchanger and
recirculation continues until the concentration required is reached. This type of
evaporator is used in the cellulose industry, for instance.

The next stage of development was invented by an American, Peeble. However,
his idea was not used for several years until just before 1950 when Wiegand. in the
Federal Republic of Germany, began to build falling-film evaporatcrs in which the




hgmd to be concenrared enters vertical tubes at then pper ends and bodimyg ke,
phice white thie heind passes doswnwards tiough then, Fheher concentrations can by
reached ne tis way han with chimbingfilm evaporaton, and a bigher concentration
ratio can be obtamed e sinele passage through one eftect. The holdige tine ot
shortened conaderablv . which explamswhy the tadlme-tilo pronciple s ~o ol ten awed
m the food mdustry today. Wicgand has many competitors, wmong them Holvnek
Schefters and van der Ploeg m the Netherlands, Fagadhare w1 rance and Blaw K nos
ten heence tromvan der Plocg) and Golt Engimee ning m the United States,

At the end of 1957 tie Mwmum Plant and Vessel Company, m the U nited
Kuigdom. presented ats plate evaporator. The operatmg principle ot tiy device
combines climbing- and Talling-film evaporation in a very mteresting way. [he
heating surfuce consists of lct heat-exchanger plates mounted m g frame. While with
this equipment the holding time for the treated liquid is about the same as in g
corresponding falling-film unit, it has the advantages that the heating surfaces can be
opened for inspection or cleaning. that building height is low and that operation is
flexible.

A similar plate evaporator is produced by W, Schimidt KG. a plate
heat-exchanger manufacturer in the Federal Repubiic of Germany,

In 1962, Alfa-Laval AB. in Lund, Sweden, presented its compact machine. called
the expanding-flow evaporator. This design has approximately the same features as
the plate evaporators discussed above, but in-plant holding time has been reduced to
about half that for the falling-film process. Furthermore. the cone plates that form
the heating surfaces have been surrounded by a stainless sicel cover. In this way the
risk of leakage into the boiling liquid has been obviated completely. A detailed
description of this evaporator is given in a later sec tion of this report.

The development of single-stage evaporation toward the shortest possible
holding time has not passed through as many stages. For many years, the best-known
design has been the large-diameter falling-film tube with an internal rotating scraper,
Many patents have been granted. and many modifications are available, but Luwy
AG, in Switzerland, is undoubtedly the best-known manufacturer of this equipment.
Some producers of similar wmachines are Sambay (Samesreuther Miller Schuss
GmbH) and Carl Ganzler Apparate- und Maschincnbau in the Federal Republic of
Germany; Pfaudler Permutit, Rodney Ilunt Co.. the Blaw-Knox Co. (Rotovak) and

the Kontro Company Inc. in the Uunited States. The last-mentioned device has a
conical heating surface.

The rotating conical heating surface was first developed in the United States by
Hickman, for sca-water distillation, beginning in 193S. The design was re-discovered
and modified by Mautner in Yugoslavia and was presented as a commercial unit by

Alfa-Laval in Sweden in 1959, A detailed description of this evaporator is given later
in this report.




Chapter Ong

CENTRI-THERM, EXPANDING-FLOW AND
FORCED-CIRCULATION PLATE EVAPORATORS

The Centri-Therm evaporator

The Centri-Therm machine is manufactured in three sizes: CTIB, CTo and CT9.
Yhe CTIB, with a heating surface of 0.1 m?, is intended primarily for taboratory
purposes, but may also be used in small-scate commercial production. The CT6 and

CTY are commercial machines. Their heating surfaces are, respectively, 2.4 m? und
7.1 m?,

The description below is of the (C'T6 machine but in principle and generat design
also applies to the other two types.

The principal feature of this type of evaporator is the application of rotating
conical evaporaiing surfaces. In conventional evaporators the liquid film is
transported over the evaporsting surface by means of the vapour, and the final
concentration of the product is therefore limited. The transporting force can be
greatly increased with mechanical assistance, which means considerably higher
velocity and therefore a large heat-transfer coefficient and the possibility of
obtaining a higher final concentration. A higher velocity will also mean shorter
holding time on the heated surfaces. and this naturally has a great influence on the
final quality of the product, notably on heat-sensitive liquids. In this device the
mechanical assistance is centrifugal force, which, at the high rotational speeds now
employed, is more than one hundred times as great as the force of gravity.

A cross-section of a Centri-Therm CT6 is shown in figure 1. In the centre there is
a rotating bowl wih double-walled cones. This bow! or rotor-body is fastened to a
tubular shaft. The steam and vapour chambers are separated in the rotor-body by a
partition. Steam is piped up through the hollow shaft to the cones, and the
condensate is removed by means of a paring device and a special outlet pipe placed
inside the shaft. As evaporation normally takes place under vacuum, the vapour
chamber must be surrounded by a cover connected to the condenser.

The liquid to be evaporated is sprayed through the injection nozzles onto the
rotating cone elements. Because of the centrifugal force, the liquid rapidly moves
across the cone surface out to a channel. whence it passes through axial holes i the
rim of the cone el.nent up to a concentrate-paring channel. From here it is taken
out of the evaporaicr bv means of a stationary paring device. The evaporation
process is usually completed in a single passage over the heating surface.

S




Figure 1. Cross-section of a Centri. T'herm CT6 evaporator
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Figure 2. Cutaway diagram of ua standard cone element in the Centri- Therm CT6
evdporator

The cone clements are stacked upon each other in the rotor body and can casily
be lifted out of the machine for inspection or cleaning.

The distributor is shown in figure 3 and consists of a main pipe with a number of
short branches fitted with nozzles. The liquid to be condensed is fed through the
nain pipe from the top of the evaporator and is sprayed onto the rotating heating
surface in the direction in which the cone is moving. The flow velocity of the
incoming liquid is equal to the speed of the rotating surface so as to prevent drop
formation and splashing.

As noted above, the concentrate is collected in the paring channel. From here it
is removed from the evaporator through the paring device. consisting of a knife-edge
at the inlet hole and the removal tube. It is important that this device be correctly
adjusted. The level is set by means of adjustment washers. The centre position is set
by turning a large flange, which has an eccentric movement (figure 4). The angle
position is adjusted by turning the removal tube in such a way that the outer edge of
the scraping blade is § to 6 mm from the outlet channel and so that there is a relief
angle between the paring device and the outlet channel (figure 5).

————
IThe aevalue may be defined as the amounl of heal (in kilocalories) received from steam per
wjuare metre of surface per hour at a temperalure difference of 10C,
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Figure 3. The distributor (top) removed from the rotating surfaces of the
Centri-Therm CT6 evaporator

Inlet holes of different diameters are available and may be chosen according to
the volume and viscosity of the liquid to be processed.

Seals and packings are haturally important in any system that operates under

vacuum. Stationary seals consist of O-rings, and the rotating part is sealed with
carbon seals.
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Figure 4. Positioning of the paring device in the channel for the concentrate,
Centri-Therm CT6 evaporator

Figure 5. Adjustment of the paring device for the removal of the concentrate,
Centri-Therm CT6 evaporator
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BN TOC2S standess steet Cacrd-proot teehy Packings and O s e normath of ol
and heat-resistant wtnle rubber but tor apphcation W e lemcad a
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abso been supplicd with exptosion-proot motors.

Phe Centre-Fherm evaporator s also manutactured mashlahy crodibied s ersron
Fhis moditication s only available o size CEooand s denominated € bot | he
operatiig principles ot this modification are shown in figure 6 he bgud enders the
distributor at (1) the steam outlet v at (20 the oatlet tor the water from
condensation s at (3). The outlet for the concentrate (9w radil and the
concentrate s collected vn u rotating transport cone (5) and passed by centitugal
force to the upper end of the cone and from there to a cotlecting chamel. as m the
standard machine. The steam et is at ¢6). This moditied version perints highier
concentrations,

A standard one-stage Centri-Therm plant for the condensation of fruit jpee 1y
shown ny figure 7. s principal components are numbered and cxphamed below

(8 Stratncr. the hqmd s strained through a perforated disc i order to prevent
the farger particles front reaching the injection noszles. winch they mmght plug. A
standard plant has onlv one strainer. bui for products that contmn pulp (e.g. citrus
juiee) o set-up wiih two strainers aid ‘wo-way cocks is obtamable that prnts one
filter o be cleaned while the other s use.

(20 Balance tank, with two jloat-oporated valves. The product to be condensed
s conaccted to the upper valve and water to the lower one. Lhe tank will
consequently act as o safety deviee. as the lower valve will admit water it the milow
of the product should cease; the risk of running the evaporator dry s thas
chininated. When Ive or other cleaning fluids are circulating through the balance tank
during cleaning. the water vaive will also automatically compensate for the water loss
due to evaporation.

(3) Positive feed-pump, with variahle-specd drive. The product 1s pumped from
the balance tank to the evaporator by g single-stage pump (Moro H-30 on a standard
16 and Mono H-40 on 4 C19) titted with a variable-speed drive. The use of a
positive pump with variable speed ensures complete control of the feed and also of
the degree of concentration.

(4) Flow-meter. A flow-meter of the rotameter type 15 mserted m the line
between the feed-pump and the evaporator,
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Figure 6. Modified Centri-Therm CT6 evaporator (CT6C) for higher concentrations
(see text for explanation of numbering)
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Figure 7. Standard one-stage Centri-Thenn evaporator for the condensation of fruit
juice (sec text for explanation of numbering)

(5) Modified Centri-Therm, This element of the plant has been discussed in
detail above,

(0) Expansion cooler with thermp-compressor. From the evaporator the
concentrate is drawn into a vacuum chamber. As the vacuum here is much higher
than in the evaporator, some water will immediately flash off and vaporize. As the
latent heat of vapour is high (586 kcal/kg at 20°C) much heat is consumed in the
process and consequently the temperature of the concentrate instantly drops to a
value corresponding to the saturation temperature of vapour at the prevailing vacuum
in the cooler. (The gas drawn off is normally water vapour, but it can of course also
be solvent, alcohol, or the like.) The vacuum in the expansion chamber is created by
a thermo-compressor, the outlet of which is connected to the condenser.

In many cases the viscosity of the product will not permit cooling to the lowest

range. as it may be impossible tc pump the concentrate out of the cooler. An
alternative is to use a swept-surface cooler.

For cooling down to 8°C and 5°C, two-stage compressors are used. Steam
consumption naturally increases considerably when cooling to low temperatures,
partly because more water must be drawn off, but principally because far more
cnergy is consumed to attain the high vacuumn requircd,

Great care must be taken when designing the vapour pipes from the cooler.
Owing to the low pressures, cven minute quantities of vapour will have considerable
volume. and it is recommended that the compressor be fitted as close to the
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expansion chamber as possible i order o avoid an undne pressure-drop on the
suction side. Under no circumstances should the vapour velocity be allowed o

exceed RO mieters per osecond without caretul caleulation of the stibsequent
pressure-drop.

(1) Concentrate-extraction pump, Normally o two-stage Mono 132 (on (o)
or H-42 (on the CT9 model Centri-Thernm) is used.

(8) Condenser. A fluid may exist m the form of a vapour (gas) or as liguid. The
change from the vapour to the liquid state is called condensation. lor a simple fluad,
such as water, the change from liquid to vapour and from vapour to liquid will take
place at a certain temperature at a given pressure. This temperature 1s the saturation
temperature. Thus the pressure at which the evaporation is carricd out corresponds
directly to the temperature of the vapour drawn off fror: :he evaporator, and the
pressure in the vapour pipe will consequently govern the evaporation temperature, A\
condenser is required to reduce this pressure and miintain a partial vacuum.
Condensers arc of two minds: surface condensers and harometric condensers,
commonly of the spray type.

Surface condensers include such well-known designs as the tubular condenser
and the plate heat-exchanger. If the condensate is to be used in a steam boiler or for
other purposes (condensate is excellent for cleaning the plant after operation) a
surface condenser must be used.

Also shown in figure 7 are (9) a liquid-ring air-pump to draw off the
non-condensative gases from the condenser; (10) automatic steanr-regulating valve,
safety valve, steam filter, steam trap, thermometers and related devices: and (11) the
control panel, with push-buttons, contactors and fuses. Accessory equipment for

Figure 8. Surface condenser using plate heat-exchanger components
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de-gerating and pre-heating can be added. as may the aroma-recovery system that is
discussed at the end of this section.

A new surface condenser has been developed that uses plate heat-exchanger
components {figure 8. 1t s called the Alfa-Laval box condenser. Ordinary
heatexchanger plates are used on the cooling medium side. This equipment 1
sintable for pre-heating milk, juices and other foods. since sanitary connexions and
surfaces ire ensured,

Fignre 9 shows a typical barometric condenser of the spray type. It operates as
follows: water is pumped in through the top connexion (1) and is distnibuted
uniforinly over a toothed weir. A curtain of water falls down to a baffle plate, and
the vapour entering through the side inlet (2) is mixed thoroughly with water,
ensuring efficient condensation. The condenser must be accurately levelled when
veocted if an unbroken curtain of water is to be formed. Air and non-condensative
gases are drawn off from the top (3) to a vacuum pump, and water 1s drawn off
through the tailpipe (4),

TC VAT JIM PUMP

1

ATER IN > % 3

——
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Figu:o v. Typical barometric condenser of the spray type (see text Jor explanation
of numbering)
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Orn the steamn side the plate 18 open all along ity upper edge (vee Prgare Ny F s
arrangement provides a large opeming through winch the ligh-vol me vapoirs can
pass. The plates and cover as well as the frame and other components are ot stambess
steel theretore aggressive media may also be handled. The deviee can be arraneed ¢
sait the amount of coohng water available, aud the water SOISUIMPLIon can be ept
fow. Tts dunensions are gquite small,

Ihe platage can be arranged either m parallel or in series. When the pro-tieating
section 15 used. both water and product sides must be parallel. us 1y aho the case
when a very sinall pressure drop is required. Utilizing the condenser as pre-heater
will reduce cooling-water comsumption. especially when the product to be 1rested s
cool as is normally the case with mulk. for example.

If there is no pre-heating section. the platage will usually be in series. thus
permitting the cooling-water to leave the condenser at 1°C or 20( below \apour

temperature. If clear water is being used for cooling. the hot water may then be
collected in a tank tu be used for washing and the like.

Spray condensers are widely used because of their simple design and low cost.
However, they must either be provided with powerful pumps to remove the water
from the tailnipe and some kind of level regulator or be mounted sufficiently high to
allow the water to be drawn off through the tailpipe by gravity. The long pipes and
the erection work required naturally add to their cost.

The expending-flow evaporator

Although the expanding-flow (EF) evaporator bears a superficial resemblance to
the Centri-Therm machine the fundamental principles of these two devices are
completely different. Instead of using double-walled rotating cones, the £F device
operates with single-walled stationary conical surfaces. The incoming liquid is forced
over the surface by means of the vapour in the same way as in the climbing-film
evaporator. Since the cones are siacked upon each other. the heating surface can
casily be adapted to various capacities by using appropriate nuinbers of cones. The
design also permits low height, and the heating surfaces are accessible for cleaning
and inspection. The cone stack is surrounded by an inner hood, which separates
possible drops of liquid from the vapour, and an outer cover. All components are of
stainless steel. standard 18/8 or, for some fruit juices and chemical purposes.

18/10/2.5. Each unit of the EF evaporator Cescribed here has a maximum heating
surface of 35 m2.

The operation of the EF evaporator is diagrammed in figure 10. The liquid to be
heated enters at the bottom through the hollow spindle in the centre and is ejected
through holes in the spindle into the space between two cones. As the liquid is
normaliy pre-heated to a temperature above evaporation temperature in the
evaporator. some water will immedia.ely flash off, and the mixture of vapour and
liquid will begin to move upwards in the space between the cones. At the end of the
passage the vapour will be separated from the liquid and pass through the hole in the
intermediate hood and over to the next effect or to the condenser. The concentrated

hquid drops down to the bottom of the evaporatcr and is drawn out by the
concentrate-extraction pump.
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ngure 10. Cross-section diagram of an expanding-flow (EF) evaporator, showing
direction of flow
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Fhe steam enters the evaporator through the side miet. moves upwards through
holes e the cone brims and i hetween every other passage. In this wav there s
awavssteam on one side ot the cone and hquid on the other. Fhe stean will begin to
condense as the steam-condensate mixture moves down wards - the steam passages.
A the cnd ot the passage the condensate is collected i an outlet connected to the
condensate pump and withdrawn,

\nmdvaduat BE cone 1s dragrammed in figure 11, This component 1s tade froum
a smgle stailesssteel sheet. forming a hght but rigid element. Only one dise s shown
m this hgare. but steant and condensate will not, of course. travel m the sarme passage
as the prodnct, ool been explaimed in the discussion of tigure 10.
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Figure 11. Diagram of an individual cone element of the expanding-flow evaporator

A flow diagram of a typical two-stage expanding-flow milk evaporating plant is
presented in figure 12. In principle, this layout will be the same for several other
products. There are also one- and three-stage plants, as well as combinations with th-
Centri-Therm. aroma recovery plants, etc. These combinations are dealt with later in
a separate section,

The function of the plant is as follows: From a balance tank (1) the milk is
pumped by the feed pump (2) through a regulating valve to the condenser. where
some of the vapour from the second effect is used to pre-heat the milk. From the
condenser the milk goes to a plate heat-exchanger (4), passing a flow-meter (3) of the
rotameter typ . In the plate heat-exchanger the milk is first heated by the condensate
from both effects, whereupon the lemperature is increased in the heating section by
neans of vacuum steam.

From the plate heat-exchanger the heated milk enters the first-effect EF
evaporator (5) where evaporation takes place. The concentrate is then pumped to the
second-cifect evaporator (6). and finally the finished product is removed through
regulating valve (7).
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Figure 12, Flow diagram of a tyvical two-stage milk evaporating plant (see text for
explanation of numbering )

If evaporation is carried far, re-circulation will be required in the last effect. The
pipe from the concentrate pump back to the evaporator serves this purpose.

Component 8 is a pressure-regulating valve by which the amount of re-circulation is
set. This valve will also cven out possible tluctuations in pressure.
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Fo feed the product into the cvaporator trom the bulance tak 4 waras
centrtupal puing iy used. Centntugal pomps are abso osed as concenrrgre td
condensate (1U) pumps. Some products such as sk vtk can contn, cotisider b
quantities ot air As the FF evaporator with practically alway s be cqmppo ot
thermo-compressor. some of the air released nr the fist ettect darmg oper it wan
boe drawn with the vapour through the compresor and mto e Bt et ot
sde AF not removed it will block part of the heatmy surtaces and rodine Bow
tramster. To assist the condensate pump and alsoan order to prevent v 1o Passg
with the condensate. where it may be collected i the plate heat exchiane 1 tiere
special air trap i the suction line hetween evaporator and condensate pump \ir w i)
b drawn off through the 25-mm pipe on the side and onto the conderer. In i
ait-inre there is abso a regulatimg valve (1 1) by which the suction s throttled B ARNTRI
way that only arr and no water. or 4t least only very little of w. will P 1 ths
direction, *

The concentrate pumps are equipped with water<ouled double «cyls o that
there will be a small feed of cooling and sealing water to them (12)

The same type and size of vacuum pump is used for the EF evaporator as for the
Centri-Therm device. Since this element has alrcady been described m  the
discussion of the latter. it need be added only that it might be desired to clean the
plant with acid under vacuum. although such cleaning i1s done normally only with
lye. The use of acid may cause damage to the vacuum pump by excessive corrosion.
as this pump is constructed mainly of cast iron and bronze. However. stamless steel
vacuum pumips will be available to meet such conditions,

The condensers used in EF systems are the same as those used n Centri-Fherm
evaporators and are considered at length above in the section that deals with them

In BV evaporating Systems thermo-compressors are used to save stecit. and the
small teinperature differences usually present (around 14°C) penmt the conmpresson
1o operate with SO per cent live steam and SO per cent vapour. assuming 4 steam
pressure of 810 kg'em?,

Fhe eccononnes are thus considerable, As previously noted. the COMPIEsSSCT st
work within narrow limits regarding pressure and capacity if the highest possible
ctficiency 1s to be attained. Should it be necessary to alter pressure or capacity
shightly, it might be possible to maintain efficiency by merely changing the
compressor nozzle.

The noise created by thermo-compressors is always troublesome. Adequate
insufation is very helpful. however. Also, insulation of the bend after the compressor
with a layer of mineral- or glass-wool, and over this a layer of foam plastic at least
50 mm thick is recommended. This insulation should be protected with a cover of
aluminium or stainless steel.

The steam is highly superheated as it leaves the thermo-compressor, since it is
under great pressure (usually from 8 to 12 atmospheres). This pressure drops sharply
at the nozzle. llowever, before the steam can condense on the surfaces of the cone
stack it must be cooled to the saturation point. Since the latent heat of steam is
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released only dunng condensation, a portion of the heat-transter process nmnist take
place beforchand. The superheated steam is therefore saturated by water-injection,
hot water from the condensate pump is forced through a spray nozzle against the
steam flow and s instantly converted into steam. a process that consunies large
amounts of heat.

A disadvantage ot the use of superheated steam is the risk of fornation of dry
films of the product on the cone surfaces (“*burning on'"') when heat-sensitive liquids
are treated.

The forced-circulation plate evaporator

tn principle. this type of evaporation plant consists of a heat-exchanger. a
vacuum chamber and a circulation pump. The liquid to be evaporated is circulated at
high velocity through the heat-exchanger and is heated under pressure. The heated
liquid leaving the heat-exchanger is subjected to vacuum when entering the expansion
vessel. Part of the water content of the liquid is thus vaporized and drawn to a
condenser. The partly concentrated liquid enters the circulation pump and s
returned to the heat-exchanger for further heating and expansion. Circulation
continues until the required concentration is reached. Fresh liquid is continuously
added to the circulating volume. and concentrated liquid is pumped out of the
system.

The size of plants of this type is limited only by the size of the heat-exchangers
available for use in them. Quite large capacities can be attained with plate-type
heat-exchingers. Arrangements in two or three effects are possible, depending on the
temperature differences that can be used with the liquid to be treated.

The forced-circulation plate evaporator has the advantage that it produces no
deposits even with liquids that are normally difficult to treat or those that contain
particles such as pulp. It can also be used with liquids of high viscosity. On the other
hand, the in-plant holding time of the product is rather long, and the electrical
consumption of the circulation pumps is high.

Comparison of the characteristics of the three types of evaporator

To facilitate comparisons among them. the characteristics of the three
evaporating systems that have been discussed here are set out in table .

Accessory aroma-recovery equipment

As noted,‘various kinds of accessory equipment can be used with the evaporator
systems described above. Among the most interesting of these accessories is the

aroma-recovery plant, designed for use with an expanding-flow evaporator, which is
described in detail below, 2

2The temperatures and cvaporation ratios used in this example apply to the recovery of
apple-juice aroma,
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Fhe aroma-recoveny plant has thiee pninaipal sections the pre-heating e tion,
the aromg-riecoveny sectton and the aroma-condensmg sectton. Asshownn the Tow
sheet Chare 13) the plant. taken as o whole, consists not only of equpment for
recoveny ob groma trome evaporated vapoars but also of an evaporator to extract the
aroma trom thie puce Noromathy speakmy however, the tenm “aroma-recovery plam’
wters enhy o the section concerned with the recovery and concentration ot e

evaparated aroma

Phe roance cniers the plant through a balance tank that ensures o regular rate
ot teed through o float-controlled mlet valve. The juice © then moved by g
centritugal pump to aplate heat exchunger 1) where it s pre-heated by regeneration
to approxmately 70°C, Here the de-aromatized juice frone the evaporator s utthoed
ay heatmge mcdam. The capaaty s adjusted by means of the valve on the outlet of
the teed pump and o flow-meter,

Fhe pre-hieated jaice s then fed into an EF evaporator (2) where 10 per cent of
the ncommg jee 1s evaporated at atmospheric pressure at 100°C. The quantity of
water evaporated can be checked by means of a flow-meter mounted in the pipeline
to the next evaporator ettect.

Fhe tenth part of the liquid that contains wnost of the volatile flavours is then
vondensed and super-cooled in the condensing section of a plate heat-exchanger (3).
The condensate and non-condensable gases. whicir are saturated with aroma vapours.
are piped o an ee-water-cooled section for the recovery of as much as possible of
the aroma substances. This section consists of a specizl evaporation-condensation
unit (4), gescribed below. a laboratory glass cooler (5) and an ice-water-cooled
blocking condenser for the vent gases (6) that derives its cooling water from an
1cc-water generation plant (7). Operating conditions and the quantity of evaporated
vapours may be checked by means of u flow-meter and a sight glass.

The evaporation-condensation unit (4) is of a special type. with two sections
mounted under the sume hood. The lower one operates as an evaporator in which
one tenth of the flow is vaporized by live steam; in the upper section these vapours
are condensed directly by the cooling-water.

Finally, the wroma substances, which by now have been concentrated to a
one-hundredth part of the raw juice volume, pass by gravity through the laboratory
glass cooler (5). This aroma concentrate can be filled into light-proof demijohns and
stored at ord. ary cellar temperatures for future use.

Before leaving the plant, the vent gases from the two evaporating stages pass
through the ice-water-cooled blocking condenser (6). Here they are cooled and most
of the aroma sub,tances are condensed. This condensate runs back to join the aroma
concentrate fron the condenser.
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Chapter Two
APPLICATIONS IN THE FOOD AND BIOCHEMICAL INDUSTRIES

Three types of modern evaporators have been described. They operate in
different ways and have different characteristics. Together they form a complete line
of machines that can, singly or in combination, perform almost any concentration of
fluid that might be required in the food and biochemical industries.

Almost all organic substances are very sensitive to heat. Temperature and
treatment time are therefore of utmost importance. Thus, increasing the treatment
{2mperature of such material by 10°C approximately doubles the rapidity with
which it will deteriorate. This means, for example, that a processing temperature of
70°C for 10 seconds is comparable to 60°C for 20 seconds, 50°C for 40 seconds,
40°C for 80 seconds, 30°C for 160 seconds, and so on. Thus, using modern
cvaporators with relatively brief product-holding time, the same results can be
achieved at a relatively high temperature as were obtained in older equipment that
operated at a lower temperature and higher vacuum for a lorger time. The new
condensing and vacuum equipment is therefore simpler, easier, and more economical
to use. At the same time, there is less deterioration and higher quality of the final

product when using the same temperature as before. This is illustrated in the
products discussed below.

This list is not exhaustive: only examples taken from different industries have
been selected. Some of these product lines are discussed in greater detail than others

in the hope that they might serve as typical examples of how complete processing
lines can be arranged.

Dairy products

L]

Milk products are today the greatest source of protein for human consumption.
However, production centres are away from the large population centres, and it is
one characteristic of a microbiological product such as milk that the untreated
product is very perishable, and transportation of it for considerable distances is
consequently impossible. Various processes are available for overcoming these
difficulties, and the most important of these to date is the transformation of liquid
milk into a powder. This is achieved by drying the liquid in either of two ways: spray
drying and roller drying. As the drying process is relatively expensive, the liquid is
first concentrated in an evaporator, as this pre-treatment is less costly than drying,

Steam consumption (in kilograms) per kilogram of water removed by evaporation is
approximately as follows:
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(kg)
Spray drying 3.0
Roller drying 1.5
Single-stage evaporation 1.1
Three-stage evaporation 0.3

Spray drying or roller drying can be done either at the milk-collecting centre
(alternative A) or away from it (alternative B). These two alternatives are diagrammed

in figure 14.

A Production at the milk-cc'lecting centre
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Figure 14. Two alternative methods of milk powder production
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Figure 15 shows o prmcipal flow sheet of a double-cffect evaporation plant and 4
normal spray drver. This arrangement can be used tor skim nnlk. whole nitk,
fatenriched nuis and whey. In the latter case. however. some minor modifications
might be needed as described below,

For spray-drymg purposes skun mulk s normally concentrated in the evaporation
plant from 9 to 45-45 7 DS.? When roller drying 1s used, the concentration ratio as
normally lower due to ditficulties n roller-drying higher content of DS. Normul
figures are 30 to 35-387 DS but some types of roller dryers can treat up to 437 DS,

In the evaporating and drying of skim nulk, cost is a prime consideration. This
means that the most econonugcal plant must be chosen in each case, and the total
amount of powder to be produced per year and the expected number of operating
hours per year are of great importance. Aimong others, the questions in Diagram A
she uld be considered.

When planning an evaporation plant, it should be recognized that the inclusion
of many stages raises primary cost but reduces operating cost. If skim milk for
treatment is available for only a short season, only a few stages are generally used. On
the other hand, if the milk supply is fairly even over the year, the use of relatively
many stages is generally more economical. However, many local conditions, such ac
the costs of heating steam, cooling water and labour must be considered. A complete
cost evaluation should be made.

However, even in an existing plant, the operator can do much to increase
production economy and efficiency. Operating conditions are very sensitive to milk
quality, and everything should be done to transport and store the milk at the lowest
possible temperature before concentration and drying. Better microbiological quality
of the milk means fewer interruptions in operation and longer operating times
between cleaning cycles. These circumstances are of particular importance in
countries with warm climates.

Milk characteristics to be avoided are high bacteria content and high acidity.
Measures that can be taken to prevent them include shortening of pre-treatment
storage time: cooling as much and as rapidly as possible; reduction of evaporaiion
ter.perature; and reduction of the temperature difference between steam and milk in
the evaporator.

Roughly the same general rule as for skim milk can be applied to whole nilk.
Very often a plant is laid out for both products; in this case the evaporation capacity
is lower when treating whole milk than when treating skim milk (difference is 10 to
15 per cent). Whole milk is generally concentrated to about 48% DS before spray
drying. Inlet concentration is 12% DS.

Surplus whey from cheese factories is generally removed in order to produce
cattle feed and to avoid drainage problems. Evaporation is normally followed by
roller drying. As with skim milk, it is most important to treat the whey when it is as

fresh as possible. Longer storage or transportation time must take place at a low
temperature (less than 5°C).

1 Pcrcfntage of dry substance content. See¢ definition in Annex.
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Piagram A, Evaporation and drving of skim milk

The problems involved in the evaporation of whey are very much dependent on
the type of cheese from which it originutes. This is also a determining factor for the
maximum  outlet  concentration from the cvaporator. Inlet concentration s
approxime tely 07 DS, Outlet concentration may vary from 30 to approximately
SSUDS.

It a higher concentration is required this can be reached by mounting a
single-stage “finisher”™ after the pre-evaporator. The forced-circulation type of
evaporator ¢can be used. and a concentration of approximately 70% DS is then the
maximum. However, when Centri-Therm evaporator is used instead, a maximum
concentration of approximately 809 DS can be reached.

When producing roller-dried powder, the concentration reaches 30-457% DS, For
the sprayv process a higher concentration can be used, 45-557% DS. In this case special
action must be taken to avoid clogging of the powder in the outlet from the drying
chamber and the cyclones. The powder is very hygroscopic: however. it will be less so
if some of the sugar in the concentrate is crystallized prior to drying. This can be
done by cooling the concentrate below 10°C after it leaves the evaporator and
heepmy it at that temperature for about 24 hovrs. The concentrate will then have a
sandy consistency and will yield a less hygroscopic powder when spray dried. The
oy stallization process in the concentrate may be accelerated by seeding with whey
powder or factose.

The production ot sweetened condensed milk presents special problems. A plant
for this purpose is diagrammed in figure 16 and discussed below. After pre-heating,
the nulk 1s stored in a tank. where sugar is added. The pre-heating temperature is of
uportance tor the final thickening. Low-temperature heating (60-65°C) tends to
vield a final product that thickens rapidly, but higher pre-heating temperatures
reduce thickening. The best results are usually achieved by pre-heating the milk to
about 77-80°C. By adding one kilogram of water per kilogram of sugar, a syrup is
obtamed that is added to the pre-heated miik.

- Concentration takes place in a two-stage forced-circulation evaporator. This type
ot machie provides a sufficient holding time and the most convenient treatment for
formung sugar crystals ot the optimum size. The concentrate is filled into a jacketed
tank with a scraper. After holding for about one hour (agitator running) at the
conventrate temperature (normally about 50°C), the batch is cooled to about 20°C

By water or even we-water i the tank jacket. The product is then ready to be filled
S s contaners,
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Figure 16, Suggested flow diagram for the manufacture of sweetened condensed
milk

A typical temperature programme for the production of sweetened condensed
milk in a plant such as that shown in figure 15 is the following:

milk tank 50°C
evaporator

(stage ) 75-500C

(stage 1) 45.50°C
finished product

(after cooling) ca, 20°C

Two typical recipes for the production of sweetened condensed milk are the
following: (@) 1000 kg skim milk plus 163.5 kg sugar (with some water), to yield a
product that will contain 47.5 per cent sugar, 25.2 per cent non-fat substances (such
as casein) and 27.3 per cent water; and (b/ 1000 kg whole milk (2.85 per cent fat),
207 kg sugar (with some water), to yield a product that will contain 46.4 per cent
sugar, 20.2 per cent non-fat substances, 6.4 per ¢~nt fat and 27.0 per cent water.

Evaporators have many other wuses in the Jairy industry, among them the
manufacture of ice-cream and yoghurt, the concentration of buttermilk, and the
production of fat-enriched milk. These arc more specialized processes, and
descriptions of them are not within the limits of this paper.
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Fruit juices

Fioall trontce concentration, as well as an aromaerecovery, 1t s essential to
Aeep the timetemperature relationship at o mumum. The evaporators ot the
Centre-Therm and expanding-tiow tvpes described above are therefore extremely well
suited tor tins purpose. as the an-plant retention time 1 very short. To obtam
optimum gquahty ot the concentrate the Centri-Therm s abwavs used as a “tinisher ™
The size of the Cenni-Therm unit is determined by the capacity of the plant and i
an even higher copacity or better economy are required (muluiple-stage evaporation)
the expanding-flow evaporator 1s used tor pre-evaporation before the finishing stage.

The arcma-recovery problem tor orange juice has not yet been completely solved
commercially. In Furope this problem is not even taken into consideration, and the
juice 18 concentrated in the most gentle and economucal way from the initisl
concentration of about 10-11°Brix to 72°Brix. Older production plants otten use
tubular convection-circulation calandrias in which the holding time for the product is
very long, as much as 30 minutes in some cases. However, it has been found that a
single passage and short evaporation time are of utmost importance for the quality of
the concentrate. The type of evaporation performed by the Centri-Therm machine is
especially gentle to vitamin C (losses less than 2 to 6 per cent), colour (deterioration
of carotenoids less than to 3.0 per cent) and amino-acids (deterioration less than 0.8
to 6 per cent).

It has also been found that retention time is most important in the loss of aroma
substances. The longer the concentrate is retained in the evaporator. the smaller the
quantity of aroma substances that remains in it after the evaporation process. It has
been found that concentrate produced in the Centri-Therm evaporator loses little
aroma; in this respect, this machine is presently the best for concentrating orange
juice.

kuropean processors normally work with relatively small plants in which one or
two Centri-Therm evaporators are sufficient. This means that they obtain high
quality without special arrangements regarding aroma-recovery. For higher capacities,
pre-evaporation  with  the expanding-flow machine takes place before the
Centn-Thenn evaporator is used.

In the United States normal capacities for orange processers are much higher
than in Europe. This means that Centri-Therm plants are quite insufficient and much
e must be taken regarding aroma. Usually the *“‘cut-back” method is used. This
meas that only a part of the fresh aroma-containing juice is concentrated but this is
done 10 a higher degree than is required in the final product. The remaining part of
the fresh juice is added to this concentrate so that the desired concentration is
attained. In this way the final product contains a certain amount of fresh aroma
which gives the necessary appearance. The process is illustrated in Diagram B, in
which the normal concentration figures are also shown.

Tbe pulp content of the fresh juice is a limiting factor as regards concentration.
Too high a pulp content causes the formation of precipitates on the heating surfaces
of the evaporator and thereby towers its capacity. The machine must be stopped for

;Ieaning after a certain time. The following figures show the maximum pulp content
m the fresh juice that can be treated without difficulty:
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Centrr Thepn, when concentrating to 720Bnx, ~ per cent pulp

Cenrrr Therm: moditied design, when concentrating to 720Brs. 10 ped cent palp

Fxpanding-tlow, when concentrating to 409 Brix. 10 per cent pulp

(The pulp-content figures refer to measurements according to the

centrifugal
method )

Diagram B. The “cut-back’’ evaporation process

Figure 17 shows a principal-flow diagram for a normal European complete
orange juice processing plant. Lemon juice is similarly evaporated to a content of
40-45 per cent dry substance. Grape-fruit juice is concentrated in the same way.
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Figure 17. Principat-flow diagram of normal complete orange-juice processing plant
of the European tvpe
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\pple amd peai puecess The system for wmoma recoveny deseribed e thie previous
section s abso athized torapple yuiee the complete process s illustrated i figere 1
Viter vradme and wastung the trunt s ted mto a press to extract the puice. From ths
point W most anportant 1o proiect dhe pace from oxadation and aroma loss
Contact with e must thus be nunrsized. The juce s puinped to g centrifuge ton
clanfication Next conwes the aroma-recoveny procedure. and abont one tenth ot
wiater content s evaporated. the quiee volume being reduced by that amount. 1he
aroma-recovery plant deseribed above s used. and the aroma concentrate teaves it
concentrated 100 to 130 times, aveording to requirements,

Gelatme and preparations for depectinzation (e order to tacthtate  the
precipitation and to make the sediment more compact) are added to the remaining
juice (9Q per cent of the original volume) The process is completed n storage tanks
tor a certum time, the length of which depends upon temperature and type of
additive. Atter settling. the juice is tiltered to produce a briltiantly clear light-amber
colour. The amount of additive to be used und the temperature/time relationship are
recommended by the manutacturers of these preparations.

After depectinization the juice is treated in an evaporation plant tor final
concentration. For plants of lower capacities only the Centri-Therm is used, but for
higher yjuice capacities the pre-evaporator {expaiiding flow) is also used. Normally the
ice 1s concentrated to 70-729Brix, at which concentration the juice is normally
selt-preserving. bvaporation must take place within the briefest possible retention
time so that guality. and especially colour, can be maintained. After cooling, the
concentrate 1s stored in tanks. Juice should be stored at 0-5°C and the aroma
coneentrate at not more than room temperature. For consumption, the concentrate
is diluted und the aroma concentrate added. Pasteurization and filling are done
dtterwands,

Fhis system has several important advantages over the older one in which the
fresh e s stored without aroma-recovery and concentration. For example, fewer
storage Lanks and less building space are required. Also, the quality and aroma of
frosh juiee ~ary considerably  during the season. With the system described, this
vatigtion can be compensated for by dilution and addition of aroma concentrate,
permutting ¢ unitorm and high product quality. Fuithermore, transportation and
hundimg costs can be reduced 1t dilution and titling are performed at a distance from
the pomt of production, '

Frgute 1% diagrams a medium size of production plant in which one expanding-
flow evaporator and one Centri-Ther:n CT6 are combined to form a two-stage plant.
In this way high coneentrate quality (short retention time) is combined with low
steam camsumption,

For mote delicate juices. such as those of berries, aroma recovery cannot be
varried out i the same way as tor apple juice. The reasons for this are that such
lices and therr aroma substances are more sensitive to heat. and that a larger part of
tie quice than 1O per cent (as for apple) must be evaporated in order to obtain
sutherent yield of the aroma recovery. The plant layout diagrammed in figure 19 is
strzgested tor use with paices of s kind.
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Figure 19. Suggested plant for evaporation and aroma recovery with delicate juices
such as those of berries

Instead of heating the juice to 100°C and recovering the aroma in the first stage
of evaporation, the complete concentration takes place in a Centri-Therm device.
Here concentration is completed in single passage to the dry substance content
required. In this way the juice and concentrate temperature will never exceed
evaporation temperature 1w the Centri-Therm machine (about 50°C). All vapours
tormed (contaming the aroma) are condensed m the usual way in a surface
condenser in this case the box condenser. The condensate (containing the aroma) 1s
heated to 100°C and treated twice in the special vaporizerondenser described
earlier. Among the advantages are low-temperature trcatment, recovery of aroma
from all the vapour and comparatively inexpensive equipment.

In the processing of pineapple juice, the extracted juice 1s centrifuged to remove
heavy solids and is heated to 75°C to inactivate cnzymes. Either the aroma-recovery
process or the “cut-back™ procedure is apphed. as described above in the discussion
of citrus juices. After centntuging, the juice may be 9-10°Brix, while in a modern
centrifuge 20-25% DS in the pulp phase can be reached. Aroma recovery takes place
according to the previously described two-stage condensation process. In order to
attain a yield of aroma in the aroma concentrate of more than 60 per cent, the water
evaporation must be increised to 20-25 per cent of incoming juice in the
aroma-recovery evaporator. The de-aromatized juice is normally concentrated to
45-60°Brix. Evaporation tukes place in the expanding-flow machine as
pre-evaporator and, if required, is completed in the Centri-Therm machine.

Grape juice is either concentrated 13, yielding a product that keeps well under
very good storage conditions, or 1:4 to IS, in which case the concentrate is
self-preserving.  The volatile flavouring clements may  be recovered in an
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aroma-recovering  evaporator  such as  the | e
expandug-flow evaporator should be used to produce the 13 concentiate. tog e
higher concentrations the Centri-Ther device should be used

one that has been kll\\la\\&"\l.

In the concentration of grape yuice. special precautions must he fukepy dpnsg the
preaipitaion ol wine-stone (tartaric acid) on the heating surfaces. Shortness of
holding tune on the heating surtaces is of great unportance, and all parts of the phint
throngh which the raw juice or the concentrate will pass  tube bends. valves, puinps,
pre-heater and evaporator should be designed to minimize flow resistance.

Some processing methods that can be used to counter tus precipitanion problem
may be mentioned: (a) cold storage of the fresh juice at  3°C for one week.
de-sulphurization of the juice before concentration (the lower its acidity . the less the
tendency of juice to form deposits). and stabilization of the ice by neatratization,

if this is permitted in the country concerned. Sodiuni bicarbonate is 4 possible
additive.

Another important problem in connexion with the concentration of grape juice
18 that many processers wish to store their fresh juice in order to concentrate it over g
longer period after the rush time of grape-harvest is over. Sulphur dioxide (80,) i
added in order to preserve the fresh juice. At the time of evaporation it is necessary
to remove it and restore the normal content of less than 0.2 per cent. To achieve this
it is necessary to observe certain evaporation conditions closely holding time should
not be too short, evaporation may be increased, and flasli-cooling of the concentrate
may be used in order to increase the sulphur dioxide removal still further. It can also
be removed by eans of special vacuum treatment prior to evaporation,

Apricot, peach. apple and pear purées are concentrated for Jess o

PCHSIVE
canning or for shipinent to consuming centres where they may be combined with
syrups for the prenar;

ation of nectars. Such products are treated only in the moditied
Centri-Therr. with radial outlets from the bowl. The degreee of comcentration

depends o1 the type and kind of fruit and on the pre-treatment. e treatment
sequence s diagrammed i figure 20.

Concentrated tomato juice is normally referred to as tomato paste or tomato
e. The usual way to concentrate tomato Juice is by means of some kind ot
forced-circulation evaporator, This type of process involves long holding time and
thus endangers the product quality. In practice the high viscosity of the concentrate
also causes fouling of heating surfaces and slows evaporation,

puré

»

A few years ago a better method was suggested by several different people. This
process involves the following treatment: after washing and sorting, the tomatoes are
broken and pulped. The juice obtained is centrifugally separated into pulp and
almost pulp-free serum, Only the serum is concentrated, and the concentrate is

re-mixed with the pulp to give the final product. Figure 21 shows the principal flow
diagram.

The kind of fruit, pre-treatment and the type of centrifugal separator used are
the determining factors for pulp content in the serum phase and for moisture content
in the pulp phase. It is of course intended to maintain not too low a pulp content in




[ ! rushing
T
*
[
[ Mechaosal g
.
Reoating srramer
Pasteyrizer
Cenerr-Therm R Aroma
!‘\A"\ﬁlﬂ'ﬂ! recavery

Figure 20 Treatment sequence in the processing of nectars and other pulpy juices
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Figure 21. Principal-flow diagram of tomato-juice processing (separation method)

the serum but stili reach acceptable evaporating characteristics. Of course, the dry

ghly the same as the pulp content of the pulp phase,
In this way the concentration ratio and evaporation
be kept lower. An example from the field is shown in

substance content, which is rou
should be as high as possible.
capacity for the serum may
Diagram C.
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Dagram ¢ Serum and pulp concentrations in eraporatnon of tomato i,

Fhe degree of concentration of course depends on how much pulp s lett i the
serum. H an almost clear serum Juice is obtained it may be concentrated in the same
manner as apple juice, and a concentration of 70-80°Brix may be reached. If these
precautions are combined with efficient centrifugal separation (high content of pulp
n pulp phase) a final product of 32-357 DS concentration may be reached.

The type of evaporator to be chosen also depends on the remaining content of
pulp in the serum. With clear serum juice the expanding-flow evaporator is used first
for pre-concentration, and then the Centri-Therm machine is used as the finisher.
This combination offers high product quality (minimum deterioration from heat)
and good heat economy.

If the remaining pulp content in the serum exceeds a certain limit all serum
concentration should be done with the Centri-Therm evaporator. This limit depends
on the kind of fruit and pre-treatment. It might be necessary to use the modified
Centri-Therm with radial outlets from the bowl. This modification offers certain
advantages for pulpy products.

Brewery products

In this industry evaporation is achieving ever wider use. For instance. it 1s
expensive to transport hops over long distances. Processes whereby an extract is
produced have therefore been introduced, and the extract is later concentrated by
evaporation. In this way much smaller volumes need be transported.

Concentration of wort and malt takes place as the result of rationalizing
. production. In this way malt or wort are produced at large centres, where they are
concentrated. The concentrate is transported to filling plants, where only brewing,
fermenting and filling take place. Transport may also take place in order to use a
certain type of beer produced at a certain place. Evaporation of beer is done in order
to decrease the alcohol content to a specified limit or to lower storage and transport
costs. Before discussing these concentration processes a complete flow diagram of
brewing is given in figure 22. This shows where in the total process evaporation may
be of interest.

In the concentration of wort, whether hopped or not, the raw wort is fed to
the evaporator at a concentration of approximately 12% DS. Concentration ratio is
about 1:7, which means a concentrate of 80-84% DS. At this concentration wort is
self-preserving. Concentration takes place in the expanding-flow evaporator to about
60% DS and in the Centri-Therm machine to the final concentration. This procedure

gives the most gentle treatment and avoids recirculation in any of the evaporator
stages.
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The wort concentrate may be transported for reconstitution, fermentation and

bottling eisewhere. Plants for these purposes may be small and can be supplied with
wort concentrate from a central brewing plant. As noted above, it is also possible to
concentrale the hopped wort by evaporation: tests of this possibility have been




Aprlications vt toon GHAE e dre i al v

carned out. However, 11 thys process the aromy o1 partiv fost,
addition o1 an ATOT-TCCOVETY UMt 1S 1Ot 1 praciicy!
extract s carried out i the sioe way g for wort

drtid b tos ryne 1,
solut ( OBCCHT aod a1y

Beer may be concentratey erther i order 1o produce a tulls termened meg, With
low alcohol content o1 1o make 4 beer concentrate o export i 1
small volume (low transpoit costs) wand or low alcohol LOntent ino castoms Jduiv )
With such a process 1t 1s possible, for exumple, 1o reduce 1he aleohol content 1rony o
percent to under 0.3 per cent while Hicreasing the div substance content from s hs
toapproximately 20 DS, No change i taste or colows dectrred when tis process
was performed mn a Centr-Therm evaporator. The vapours leasving the CVapo Lo
were piped to a rectitication column tor recovery ot alcohol and arom

Credone witg

Johgredients,

bvaporators can be used in the production of hop >xtract. The hops ae
extracted in a solvent such as methvlene chlonde. The intention of the evaporation
process is to recover as much of tlje solvent as possible and 1o reduce the methylene
chloride content in the concentrate The concentrate is very viseous tabout 4000 (p
at 40°C) and sensitive 1o heat. Evaporation is carned out in the Centri-Therm
miachine at low temperature in two stages.

Largescale production of yeast extract is made possible by the fact that hittle
more than 20 per cent of the yeast produced by batch fermentation methods in the

brewery industry is required for seeding subsequent batches. The production of yeast
extract is shown in Diagram D,

1
{ Liouetying ]

Centrilugal separaton W beil hdies

T

!

Yeast eurace

'y
[ Preve: spinition j

H

! Final ey scation [

Drying

!
+

b Rtraet powder o #anu'es

Diagram D, Production of yeast extract

Liquefaction is carried out by either autolysis (careful application of heat).
plasmolysis (rapidly mstituting autolysis) or hydrolysis (action of hydrochloric acid
under various conditions). After reinoval of the cell bodies ete. the DS content of the
eXtract is in the range of S to 8 per cent.
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Evaporition can be completed erither m two processes as shown i the Juagram
(pre-evaporation and final eveporation) or i one smgle operation. The slternative 1o
be chosen depends on how the concentrated extract will be used . 1 he gentler way 18
o cotrse asingle passage thiough a Centn-Therm evaporator. In either case the
CXITaCt overy senwtive io heat. Methods mvolving relatively high temperatures mus
case precipttation ol iresoluble matter and development ¢ unpleasant birrnt-bitter
Havours, The product becomes more and more sensitive to heat as the DS content of
the exnact nicreases,

Starch derivatives, glucose and sugar solutions

ME stareh dervates ard sugar solutions are well suited to treatment by the
Centri-Fherm evaporator. They are usually very viscous and very sensitive to heat
treatment. The colour, especially for clear solutions, changes very quickly at
mereased temmeratures. It is therefore important to treat these products with the
shortest pocunle retention tine. For a high concentration ratio, better economy and
high capacity the Centri-Therm is combined with the expanding-flow machine in one
or more eftects,

Diagram b presents a principal process diagram for starch conversion, carried out
either with maize or from potatoes. This scheme gives only a rough explanation of
the process; modifications may be needed if the raw material is maize starch or
potato starch. Alterations may also depend upon which final product is required.
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tluvese  Maitose  Dextrose

powder rowier poater

Duagram E. A principal process for starch CORVersion using maize or potatoes
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he concentration of the thin hquor depends on which COMVETSION sysleny |y
wed s Vanations are within the rangee 3430 By vorrespondine to Stureh-nnlh
coneentrations of 1o-23" Banme prior to the converter, Pre-evaporation imcreaes (he
coneentration to ground 60CBrix, Fhas evaporator may he of the exspandme (o
Bpeand moorder to tower the steame cost. mltiple-stage evaporation iy he ased

Phe final evaporanon s carned out in a Centri-Therm evaporator and prodirces
hucos concentration of 80-83 S according to need. It s espectally mportant g
operdie this stage at the lowest possible heat to avoud detenoration. | he colon o
the product is very sensitive to heat. but it has been proved that the colour does not
clinge atall during the passage through the Centri-Therm evaporator.

Another possibility s to complete both evaporation eveles i one evaporation
plant. It his s done i 3 two-stage  Centri-Therm plant, concentrating from
43-829Brix is so gentle that the mtermediate decolonization process can he excluded.
thus permitting savings m labour and charcaoal costs,

Sugar sohutions are usually easy to concentrate to a high DS content. Among the
reasons for these good results are that these solutions form no depusits on the heating
surfaces. as in most cases they are clear. they do not foam and their viscosity 1s not
high at increased concentration. In the expanding-flow evaporator the maximum
obtainable concentration is 65-70° DS in the Centri-Therm machine 80-907 may be
reached. Sugar concentrators are used in the candy processing and pharmaceutical
industries.

It is also possible to use the Centri-Therm in the manufacture of beet sugar. In
the traditional process the final cooking is carried out in a tubular evaporator called a
"pan” in which concentration and crystallization are simultaneous, resulting in a
wather long holding time and superheating of th2 sugar crystals. Furthermore, after
the crystals have been formed they are submitted to a decreasing tempe:ature in the
tubes of the pan. The crystals are therefore partly dissolved, and during this process
cavities in the crystals are filled with the fresh, contaminated thick liquor. When the
crystals grow again these cavities still contain foreign matter that lowers the quality
of the fimal product. In a modified process the thick liquor is first concentrated to
82-83% in a Centri-Therm and the concentrate is then crystallized by means of
chiliing in a separate vessel, This yields a final product of much higher quality.

Coffee and tea extracts

Every coffee concentrate manufacturer uses its ov1 extraction process; thus the
concentrations preferred for feed and concentrate by different processers vary also.
In the coffee-concentrate industry firms are reluctant to give information about their
processes. Consequently, even if many concentration plants are in operation in this
industry, the manufacturer of the evaporators can know very little about
concentration ratios and the like.

The Centri-Therm is especially suitable for cotfee extraction because of the short
in-plant holding time that it makes possible. Recernt years have seen an increasing
the larger market for coffee

demand for coftee extract evaporation because ot
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Process s oxpesisive, thas any swater that s rernoved betorctand o a g Here the
Conti-Fher otres g exncellont soltton and dcreases thie capiicity ot the diyvimy
plant as well sy coducan Gie opaaatng costss Moreovers thin s done wathieni adverse
ctiect onthe b qreadeiy o s prodoct of the tieezeahiy g processs Noadier type
ciovapoiator s sl ticienth rapad and gentle te pretieat the concentrare oy

feese-diving woitiont Joss o geaaiy o the tinad prodingt

Evaporition dbo torms an essental part ofanstant tea provessing Fheextract s
concentrated vp to 35400 DS o even hagher Preapitation saay occn due o
Toreanig L bur thos cttect can nomndly be overcome by adpustiment ot the
VPOt femperatinie s As e cottee processing. the producers of tea concentrates

e anwilhing 1o disclose any techmical data,

Thickeners, glue, pectin

Pios hieading metudes many diftercut products ot which oniv aselected few are
dealt with hereo All ot these products are charactenized by the facts that they have a
very fngh visosity even at tow concentration and that they are very seusitive to heat,
smee their protem content s high. Atter concentration, drying completes the
production process. Htis therefore most econonncal to reach as high a concentration
as possible betore drying. Viscosity drops with increase in temperature and, 1t the
holding rime can be kept short enough, u relatively igh evaporation temperature can
be accepted A vood approach to the concentration of most of these products is
theretore a relatively hugh eviporation temperature and  low temperature ditference.

Gelatine s made from Indes (of Dirst-class quality) or of bones. After extraction
the usual maxmmum div substance content s 60 DS, To reduce drying costs,
cvaroration should be cartied out to as high a concentiation as possible.

Phe quality of gelatine 1s defmed mterms of viscosity at a certain lemperature
and measured accordmyg to a special method, The viscosity 1s measured in degrees
Bloom. Gelatime s most sensitive 1o heat, and the deterioration is observed in loss of
viscosity o which means a fower value wthe Bloom scale.

Presevaporation normally involves se.oe minor problems. For example, flow
speed must he vopt bogh to maintain sufficent wetting of the heating surtuce.
Capacity s relatively low as caleviated in the amount of evaporation per square
meter ot heating surface. Maximum concentration atter pre-evaporation is about 1077
DS,

Final evaporation is completed m a Centri-Therm plan'. Quality losses from this
pe of evaporation are very low: the viscosity value in the Bloom scale decreases
only ibout 3 per cent. Maumum obtainable concentration depends on the viscosity,
that is. the quality and Bloom-value of the gelatine ted into the plant. For
first-quality products such us those for use in the photographic industry, a maximum
ol 3C-35 0 DS can be reached. Compuring this to conventional evaporation systems
such as the torced ciculation machme. a considerable gain in quality and drying
custs 1s obtuinable
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Fhe maror value ot seaweeds lies i ther telativelv Laree conen
accessible. strongly hydiophihie collordat polyvsacchandes such as agar g and
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gelling agents, emulsion stabilizers, suspending agents, emotlients. demuleents md fo
less casily detined functions covered by the general toom “stabidizer
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Seaweed extracts are very viscous and must be dituted with Wale 1o faci
Bandlimg: Thas water mnst later be removed  For this purpose the
chaporator s recommended. Fos unportant that a bugh ow
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v panding low
peed be mamtamed on
the heating surtace. Recommendations reganding concentration wtic cannot be gin o
liere as the composition of these products varies rom one manitacturer to anothe

Pectin fuctoriec verv often combine processes fou producmg apple-pnce
concentrate during toe season, During oft-season. maclmery and operators are used
for the production of pectin. It must be remembered, however. thit the evaporaton
capacity s much lower when treating a pectn solution than when treating apple
juice. Normally, only about one thud of the water-evaporation capacity for apples
may be calculated tor pectin. Fhis figure is approximate. degrees ol conventration
ete. are of course the determining factors,

The optimum throughput for pectin production requires i far larger quantity ot
raw material than for apple juice. Consequently, if the plant s to be fully utitized,

ltuit must be obtained from other apple-juice processors as well as from 1he
producer’s own sonrces.

Pectin 15 extracted at u reduced pH. Factors such as the type of acid. time,
temperature and pH value are of imporiance to the quality of the pectin p.oduced
and also affect the evaporatinn process.

The concentration of pectin is normally calculated n pectin units or grades. The
grade ot pectin may be defined as tlie number of grams ol sucrose ihat one gram ot
pectin can jellify in a standard jelly that contains 65 per cent soluble solids.

The normal evaporation process is carried out by mieans of a two-stage plant.
(The use of three effects lowers the temperature in the third effect so much that the
viscosity becomes too high.) In both effects a high degree of forced cirenlation is
maintained. Expanding-flow or forced-circulation plate evaporators may be used. A
higher concentration can be reached in the latter alternative, and it is also possible to
combine the expanding-flow device as pre-evaporator and the forced-circulation plate

evaporator as finisher. The maximum obtainable concentration 1s about S pectin
units.
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APPLICATIONS IN THE PHARMACEUTICAL INDUSIRY

The field of pharmaceaticals s so wide and includes products of so many
ditterent kKinds that s upossible to cover itan the lmirted space avatlable here. The
classification that tollows 1y theretore both meomplete and unsysteniatic; only a tew
examples can be given.

Most ot the pharmacentical products are heat sensitive. otten to snch a degree
that even a tast-acting evaporator must be operated at a very low temperature.
Fheretore this hield s Tikely to be that we which most Centri-Therm plants will find
s,

Gentleness of treatment 1s not the sole consideration. This type of industry also
works trequently with small batches of very expensive products. Minimum holding
volume n the plant is then of umportance, and evaporation should be completed
without any losses; the evaporator should be able to be emptied completely. When
small batch sizes are frequent, in many cases the laboratory size Centri-Therm may
be used in production,

Antibiotics

Since the Fist World War many ~ibstances have been discovered that act as
selective bactericides. Notable among wnese agents are the sulphonamides and the
antibioties. Evaporation is involved in the manufacturing of most of these substances.
Only one example. that of the antibiotic streptomycin, is given here.

Streptomycin is grown in a hquid culture medium. After filtering (for example
g rotating vacoum hiter) the pH of the filtrate 1s adjusted. The streptomycin is
recovered in large ion-exchange columins which are eluted by means of hydrochloric
acid. The eluate consists of streptomyein in a clear we cer solution. The Viscosity is
low. and the concentration may be around 50,000 streptomycin units per cubic
centimetre. The solution is evaporated at low temperature to about fourfold
concentration. After precipitation and filtering a sccond evaporation is carried out,
possibly after the add.tion of 1 solvent in order to decrease the water content

further. Final precipitation and crystallization are performed and the product is then
dried under vacuum.

Both concentraiion processes are fulfilled in the Centri-Therm evaporator.
Evaporation temperatue 1s kept below 409C, Among the advantages of this
evaporation process over earlier ones are: continuous operation, higher yield and
better colour (less deterioration).
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Hormones

Several substances m this group sachas adienabin, thyros i ynd ey, NI

cviiporation - then manutactunng. Asan example, the method of imaehn proc sy
iy given below

Ensuling o hormone produced in the Panvieas. isosoecttic mothe teatment o
diabetes. Frozen pancreas glinds of the ox o pig are minced and ey SN
content s extracted with hiydroclileric acid 1nd aleohol This extiact s then filtered
and stored (at vinous stages of the process) and adpusted. The water and aleohol are
temoved from the e tract by evaporation in  Centri-Therm device. und the resulting
concentrate 1s re-filtered and stored. The insulin 1s finally removed by precipitation,
Some processors require as low an alcohol percentage as possible al'ter evaporation,
while otliers permit a higher perceniage. and remove the alcohol after crystallization.
The fat content of th> extract atfects the maximum alcohol percentage that can be
attained.

Enzymes

Several Centri-Therm plants are presently being used in the preparation of
various enzymes, Unfortunately, however, very little knowledge is available about
these processes.

Dextran

Dextran is a fermentation product of sugar and molasses. It is extracted by
means of alcohol that must be :emovea afterwards. This is done when the dextran
solution is being concentrated prior to spray drying. Pre-evaporation takes place in un
expanding-flow plant which is balanced so that the distillate has a suitable
alcohol/water composition for re-use in the extraction process. The alcoliol/yield in
this stage is of great importance for the economy in the complete process. Final
evaporation is carried out in a Centri-Therm evaporator.
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Some of the econonue factors that shiould be taken into consideration prnior to
the mstatlation or an evapoiaton plant are discussed below, I order to make the
caleulations mmore realistics two examiples have been chosen and actual figures are
given bEquipment prices are approximate export prices from Sweden. All prices and
costs are reterred toom Swedish carrency. While conditions and cost prices vary
considerably Crom one countiy o another, and any exemplitied condition may not
hold true for all readers, ihe figures given below muke it possible to caleulate the
actial costs takme focal crvunintances mto constderation,

Flow diagrams

The two examples selected are both fruit-juice evaporation plants. Alternative A
13 4 low-capacity plant that comprises an sroma-recovery unit, a Centri-Therm CTé6
evaporator and a t1ush cooler: alternative B is a large-capacity plant that comprises an
droma-recovery ot a twosstage expanding-flow evaporator, a thermo-compressor, a
Centri-Thenis evaperator and a flash cooler. These two alternative plants are
diagrammed m figure 23 and compared below.
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Figure 23 Flow chart for one of two  alternative fruit-juice  evaporation
plants  Alternative A




Preanvestment data

Figure 23 Flow chart Jor one of two al*crnative fruitjuice evaporation
plants Alternative B

Capacities
Alternative A B
Feed (kg/h) 1,050 7,000
Feed concentration (7%DS) 11 H
Concentrate (kg/h) 165 1100
Concentrate (%DS) 70 70
Aroma concentrate (kg/h) 10.5 70
Aroma concentrate, concentration 1:100 1:100
Technical data
Alternative A B
Feed temperature (°C) 20 20
Evaporation temperature, aroma
recovery unit (°C) 100 100
Evaporation temperature, pre-evaporator
stage | (°C) - 70
stage 11 (°C) - 49
Evaporation temperature, finisher (°C) 50 53

Concentrate temperature after flash
cooler (°C) 20 20










4n {se of evaporators m the tood and bochenical mdustries

Steam. cooling water and electricity requirements

Alternative A B

Steam:

pre-heater to aroma-recovery

unit (kg/h) 20 130
aroma-recovery unit (kg/h) 130 840
pre-heater (kg/h) 60
pre-evaporator (kg/h) 1,645
finishing evaporator (kg/h) 850 550
flash cooler (kg/h) 30 230
total steam consumption (kg/h) 1,030 3455

Steam pressure for thermo-compressor of pre-evaporator and flash cooler,
10 kg/em?, for other items 3 kg/cm®.

Alternative A B
Cooling water (20°C):
aroma-recovery unit (m3/h) 1.8 1.5
pre-evaporator (m>/h) s
finisher (m3/h) 16.5 15
additional cooling water etc. (m3/h) 0.7 1.§
total water consumption (m3/h)  19.0 62.5

lce-water (2¢C):

aroma-recovery unit (kcal/h) 300 1,800
Electricity, effect installed (kWh): 11.8 256
average consumption 8 18

£

Working capital (in Swedish Kronor = §, KR)

The plants are built as plug-in units and are pre-erected at the factory. This
means minimum on-site installation costs. However, the installation costs, shown
below, hold true only when the locality is sufficiently prepared and steam and water
piping are close to the place where the evaporator is to be situated.



Pre-pivestment data

Alternative A

I quipment price from

Altemative A

Capital costs per year (S, KR) 28,300

Steam, water and electricity per year

(1,400 production hours)
Presumptions: steam cost
waler cost
. electricity
Alternative A
Steam costs 24510
Water costs 2,660
Electricity costs 780
Total 27,950
SeafY

including taxes and costs for social benefits.

Total costs (in Swedish Kronor)

Alternative A

Capital and maintenance costs 28,270
Steam, water and electricity costs 27,950
Staff costs 25,000
Total yearly cost 81,220
Total cost per hour 58.01

Total cost per kilogram of concentrate

manufacturer (S. KR) 195,000
Installation costs (S. KR) 5,000-10,000
Processing costs (in Swedish Kronor)
Capital and maintenan.-e costs

Presumptions: I S-year amortization

interest 8 per cent
maintenance 6 per ceilt

f

440,000
10,000-20,000

8

63,600

S. KR 17:~/ton
S KR O.10/m?
S. KR 0.07/kWh

B
82.230

8,750
1.760

92,740

One skilied man can operate either plant. This labour cost vares within wide
limits. only as an example, the yearly cost in Sweden would be S. KR 25,000,

63.600
92,740
25,000

181,340

12053
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ANNEX

SOME DEFINITIONS

Evaporation is a process for the concentration of a solution by means of boiling away
the solvent, which is often just water. In evaporation the valuable component is the
concentrated liquid that remains after the solvent has been boiled away.

Distillation is an evaporation process in which the condensed vapour contains the
valuable product.

« Rectification means that the condensed vapour from the distillation process (called
the distillate) is again distilled. By repeating this process several times the final
distillate will have a very high percentage content of the light solvent. Repeated
distillation may be performed in the same unit or column.

Stripping means a complete as possible removal of an unwanted component from a
solution. Usually this component has a low content of water or a solvent.

Degree of evaporation may be defined in terms of the concentration ratio, or, to put
it another way, the ratio of feed to concentrate quantity.

Formulas:
e
Feed F=C‘+E=e__l-£ﬁ=e-(‘
1 i
Concentrate C=F—F=—fF=—F
e e—1

e—1
Evaporation E=F—C==—~;—-—~-F=(e~ n-c
€ represents concentration ratio (evaporation ratio).

Dry substance content (DS) is the amount of dissolved substance in a solution. This
amount can be determined by the careful drying and weighing of a sample. For many
solutions there is a known correlation between the percentage of dry substance
content (% DS) and the density; this means that the density can be measured by
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means of an aerometer and then the percentage of diy substaiice DS can be read
W4 table Another methiod is to detenmime the refractometer mdex and trom g lable
obtam the DS Other density scales also exnt ey "Banme and "By

Singlostage cvaporation. bive steam s apphed to the heatmg sutace ot the
evapotator. Fhe vapour  leaving the evaporator condensed moa separate
condenser either a mixing condenser o i surtace condenser. b the former the
vapours are mived with the coohng water: m the atter the vapours are brought 1o a
water-cooled suitace tor condensation.

Multiple-stage cvaporation. Two or more evaporators may be arranged m oseries. In
the first, the liquid boils at higher absolute pressure and temperature than m the
second. The vapour from the first evaporator heats the second. This is double-stage
evaporation, and in this way 2 kg of vapour can be boiled off from liquid by the use
of only 1 kg of steam. Three or more evaporators may be used in series in the same
way.

Thermo-compression. A thermo-compressor is a steanejet ejector, in which the heat
of high-pressure steam is converted into kinetic encrgy that draws off the vapour and
recompresses the mixture to a pressure higher than that of the vapour, The diagram
shows a single-stage evaporator with a thermo-compressor.

High-pressure ceam

toondenser

Diagram.  Single-stage evaporator with single compressor

Heat economy. The nonmal temperature difference between heating steam and
vapour in a stage of a liquid food pre-evaporator is 12-15°C. If a thermo-compressor
is applied to such an evaporator stage about 1 kg of high-pressure steam can compress
1 kg of vapour and thus form 2 kg of compressed vapour. If the temperature
difference is higher more steam 1s needed to compress | kg of vapour, and vice versa.
At the temperature difference mentioned (12-15°C) this means that evaporation of
I kg of water requires only 0.5 kg of steam. This represents a saving of 50 per cent, as
compared to a single-stage plant without a thermo-compressor. In a two-stage plant
the saving 15 33 per cent, and in a threestage plant it is 25 per cent. The
above-mentioned figures are approximate; 1eal figures are slightly lower because of
heat losses ete. For rough calculations the figures in the table may be used.




Use ot evaporators o the food and btochem al wdustrics

Heat economy of different evaporation plants
Lvpe ot plant

Anonant of steam necded 1o

erapordte one Ailogram of warer

(kg)
Single-stage, without thenmo-compressor About 0.6
Si-gle-stage, with thermo-compressor About 0.6
Double-stage, without thermo-compressor 0.3-0.4
Double-stage, with thermo-compressor 0.3-0.4
Triple-stage, without thermo-compressor 0.3-0.4
Triple-stage. with thermo-compressor 0.25-0.3

In the condensers of either the surface or the mixing type the fvll amount of vapour

must be condensed by means of cooling water. Multiple-stage evaporation therefore
also requires less cooling water than does single-stage operation. Consequently,
thermo-compression lowers the cooling water demand still further.

Heating surface. This is the internal metal surface in the evaporator. steam is
condensed on one side and the heat formed is transferred through the metal wall to
the other side where the liquid to be evaporated flows. The heat passes into this
liquid, and in most cases part of the liquid is immediately vaporized. However. in the
case of forced circulation, the liquid pressure is such that no boiling takes place. In
this case the liquid temperature is increased and evaporation takes place in a separate
vessel. Heating surfaces may be of different shapes in different types of evaporator
designs. Tubes, cylinders, cones and plates can be mentioned. .

Boiing point elevation, The temperature of the boiling liquid and that of the vapour
are the same. If a dissolved substance is present in the liquid, the boiling point of the
solution is slightly increased and correspondingly the vapours formed are superheated
to a degree equal to that of the elevation of the boiling point. This results in a
correspondingly smaller temperature difference over the heating surface. This
elevation of the boiling point is proportional to the concentration, molecular weight
and degree of dissociation of the dissolved substance. Usually the elevation is so
slight that it can be ignored in technical calculations. Only when very highty
concentrated solutions or strongly dissociated molecules such as sodium hydroxide
(NaOH) are concerned should the elevation of the boiling point be noted.
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