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The invention relates to an apparatus for freeze-dry 
ing products containing water in vacuum, said apparatus 
being of the type that has a cabinet with built-in cooling 
surfaces for freezing the water vapour out as ice, and 
means to thaw the formed ice 05. 

In connection with freeze-drying in vacuum of prod 
ncts containing water it is necessary to remove very large 
volumes of vapour from the products. At a pressure of 1 
torr it is thus necessary to remove approx. 1000 m.3 of 
vapour pr. kg. of evaporated water. It is known to pre 
cipitate the large volumes of vapour as ice on the cooling 
surfaces at a temperature of, for instance —-35° C. 

There is known an apparatus in which the cooling sur 
faces are placed in the cabinet in which the drying takes 
place. This is a space saving and cheap solution which, 
though, has the very essential drawback, that the ice must 
be removed from the cooling surfaces after each drying 
operation so that said surfaces can become effective again 
for the subsequent drying operation, and this removal of 
the ice, which as a rule takes place by thawing, requires 
a certain amount of time which thereby is lost as pro 
duction time for the apparatus. 

Furthermore ‘there is known an apparatus in which 
the mentioned drawback has been remedied by placing 
the cooling surfaces outside the drying cabinet itself in 
a special closeable chamber. In the last part of the drying 
period the water vapour emission from the material is, 
as a rule, much less than in the preceding part of the 
drying period. The smaller amount of water in the last 
part of the drying period can often be removed by means 
of the evacuation plant alone or possibly by means of a 
small auxiliary cooling surface, and said closeable cham 
ber with cooling surfaces can then be closed off from the 
drying cabinet in this period, and it can be de-frosted, so 
that the next drying period can be initiated immediately 
after the termination of the preceding drying period. This 
known apparatus has the drawback that it is rather bulky 
and expensive. It is thus necessary to use a very large 
pipe for the connection between the cabinet and the special 
chamber, and this fact in connection with the fact that 
the space in the cabinet is not utilized as intensively as 
in the above mentioned construction with built-in cooling 
surfaces, entails that the total volume to be evacuated 
will be relatively large so that a rather large evacuation 
plant must be employed. Furthermore, the separation 
into a cabinet and a special chamber entails increased 
mounting expenses. 
The object of the invention is to device an apparatus 

of the type indicated in which the drawbacks mentioned 
above are remedied so that a good utilization of the pro 
duction time is obtained by means of a relatively cheap 
apparatus that does not require much space. The charac 
teristic features of the apparatus according to the inven 
tion are that the cooling surfaces are separated from the 
rest of the cabinet by means of partition walls which have 
an aperture with a closing member that can be opened 
and closed. The function of the apparatus is substantially 
the same as the function of the known apparatus with the 
special closeable chamber for the cooling surfaces, but as, 
in connection with the thawing of the ice off the cooling 
surfaces, there only needs to appear a relatively small 
pressure in the chamber bounded by the partition walls, 

10 

1 , 3,382,586 
Patented May 14, 1968 

2 
e.g. 10-20 torr, and as a still smaller pressure exists in the 
rest of the cabinet, e.g. 1 torr, the stress on the partition 
walls will be slight so that said walls may be made with 
small strength. As there only exists a small pressure dif 
ference it is not necessary either to have a large degree , 
of tightness, and the construction can therefore be made 
relatively cheaply. Especially, there may be employed 
quite simple and cheap closing members. When the closing 
member is closed the ice may be thawed off and the 
cooling surfaces while the drying continues in the rest 

' of the cabinet. 
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According to the invention the apparatus may have par 
tition walls to form two or more chambers, each having 
its own cooling surfaces and its own aperture, and clos 
ing members to open and close said apertures. In this 
manner ice can be thawed off from the cooling surfaces 
in one or more chambers that are closed off from the 
rest of the cabinet while the drying continues by means 
of the cooling surfaces in one or more other chambers that 
are open in relation to the cabinet so that a suitable 
cooling surface is at disposal at all times. In one embodi 
ment there may be two chambers having cooling surfaces 
of equal sizes, ‘but other embodiments are conceivable, e.g. 
with two chambers, one of said chambers having large 
cooling surfaces and being employed in the ?rst part of the 
drying, the other chamber having a small cooling surface 
and being employed in the last part of the drying while 
thawing off is taking place in the ?rst mentioned cham 
ber. An embodiment with three or more chambers with 
cooling surfaces of equal size is also conceivable, it be 
ing possible in this embodiment to interchange in a suit 
able manner, so that in the beginning of the drying there 
is a large cooling surface at disposal, while later a change 
over takes place between the chambers so that thawing 
off at all times is taking place in one of the chambers 
whereas in the ?nal stage thawing off takes place in all 
chambers except one. 
The closing members for two chambers may, accord 

ing to the invention, be adapted to open one of the cham 
bers while the other chamber simultaneously is closed and 
vice versa. By these means a simple and practical con 
struction is obtained where a change-over between the 
cooling surfaces in the two chambers suitably may take 

. place during each drying. 
The apparatus may, according to the invention, have 

time program control members to control the opening 
and closing of the closing members for each of the cham 
bers and the de-frosting of the cooling surfaces in ques 
tion. In this manner a simple and advantageous control 
is obtained. However, it will be possible to provide for 
the control in another manner, eg in dependency of a 
sensing of the ice thickness on the cooling surfaces, a 
summation of the cooling machine calories, a summation 
of the heat supply calories or the pressure in the drying 
cabinet. 
The chamber, or each of the chambers, may, according 

to the invention, ‘be connected to a water vapour generator 
that has a member to maintain the water at a temperature 
below a certain maximum temperature. This maximum 
temperature is determined by the strength of the partition 
walls. Supposedly it would be su?icient to dimension the 
partition walls for a pressure difference of l0—20 torr, as 
the maximum temperature corresponding hereto will be 
sut?cient for a suitably rapid thawing of the ice on the 
cooling surfaces. It is possible to ensure in different man 
ners that the water temperature does not become too high, 
and likewise it is possible to dispose simple and cheap 
security valves or like security means in the partition walls 
so as to avoid too large pressure differences. The water 
vapour generator may, according to the invention, be made 
like a heat exchanger that receives heat from cooling water 
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or cooling medium from the components of the apparatus 
with the purpose of evacuation or of cooling the cooling 
surfaces. In this manner a heating medium with a suitable 
temperature is obtained in a simple manner. 

In the accompanying drawing there is shown an appara 
tus according to the invention, the ?gure showing a vertical 
cross sectional view of a freeze-drying cabinet in an ap 
paratus according to the invention. 
A cylindrical freeze-drying cabinet is made of steel 

plate 1 with reinforcement rings 2 and is placed on legs 
3. In the upper part of the cabinet a rail 4 is suspended 
in which a supporting frame 5 is suspended, said frame 5 
carrying trays 6 for the material to be freeze-dried. The 
trays 6 are inserted between heating plates 7 which form 
part of a heating medium system not illustrated in the 
drawings. 

In the ‘bottom of the cabinet there are cooling surfaces 
11 and 12 in the form of pipes in which a cold cooling 
medium can be circulated from a not shown cooling plant. 
The cooling surfaces are separated from the rest of the / 
cabinet and from each other by means of partition walls 
8 and 9 and by means of a closing member in the shape 
of a hinged valve 10 that may be set to close an aperture 
in one or the other of the chambers formed ‘by the parti 
tion walls. These chambers can be connected to an evacua 
tion plant, not shown, by means of pipes 13 and 14, in 
which closing members 15 and 16 are arranged. Pipes 17 
and 18 are connected to the bottom of the two chambers, 
closing valves 19 and 20 being arranged in said pipes, the 
latter forming a connection to a water vapour generator 
in the shape of a container 21 that is ?lled with water up 
to a level 22. The water in this container can receive heat 
from pipe 23, through which a medium warmer than the 
water can be circulated by means of the connection pipes 
24 and 25. A temperature control member 29 is provided 
inside the container 21 to maintain temperature of the 
water below a certain maximum value which is determined 
by the strength of the partition walls. The container 21 
has a spillover pipe 26 with a valve 27 through which the 
water above the level 22 can be removed in the pause 
between the freeze-drying periods, atmospheric pressure 
existing in the cabinet and parts connected thereto in said 
pause, that is, while a new batch of material to be freeze 
dried is being inserted in the apparatus. 
The freeze-drying process takes place in the following 

manner: Fresh goods in the trays 6 are placed in position 
in the cabinet between the heating plates 7. The cabinet 
is hermetically sealed and is evacuated, for instance 
through the pipe 13 with the valve 15 open, until the 
pressure has been reduced to approx. 1 torr. The necessary 
conditions for freeze-drying the goods are then present. 
Heating medium is then supplied to the heating plates 7 
and cooling medium is supplied to the cooling surfaces 12. 
The closing valve 10 is in its right hand position, shown 
with full lines. The valve 19 is closed. So as to avoid 
rupture of the partition walls evacuation of the space 
around the cooling surfaces 11 must be provided for. This 
can possibly be done by not closing the valve 10 tightly 
or by keeping the valve 16 open during the ?rst evacua 
tion period in each freeze-drying process. As a result, the 
stress on the partition walls 8 and 9 will be reduced so 
that said walls may have substantially smaller strength 
than the steel plate 1. 
The goods in the trays 6 now emit water vapour which is 

precipitated as ice on the cooling surfaces 12. When the 
ice thickness on the cooling surfaces 12 has‘ grown so 
much that the latter’s efr’ectivity has been reduced con 
siderably the valve 10 is moved to the left hand position 
shown with dotted lines. The valve 16 is opened whereas 
the valve 15 is closed. The pressure in the cabinet will then 
be kept down through the pipe 14. Furthermore, the cool— 
ing surfaces 11 now are supplied with cooling medium, 
whereas this is no longer the case for the cooling surfaces 

- 12. The valve 20 is closed and the valve 19 is opened. The 
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water vapour from the goods will now be precipitated as 
ice on the cooling surfaces 11. The cooling surfaces 12, 
which are separated from the rest of the cabinet, are con 
nected to the container 21 by means of the 'pipe 17 and the 
valve 19. Water vapour is developed from the water in 
the container 21, said vapour ?owing up through the pipe 
17 and condensing on the ice on the cooling surfaces 12. 
Hereby heat is transmitted to the ice and the pressure in 
the chamber in question increases so that the ice melts 
successively. The water from the melting process flows 
through the pipe 17 down int-o the container 21. 
When so much ice has accumulated on the cooling 

surfaces 11 that the latter’s e?ectivity has been consider 
ably reduced, and when the cooling surfaces are complete 
ly free of ice, a change-over of the valves 15, 16, 19 and 
20 and the hinged valve 10 is carried out so that cooling 
surfaces 11 and 12 exchange functions. In this manner a 
change-over between two groups of cooling surfaces is 
carried out until the drying is terminated. At this point 
the water will be removed to a desired degree from the 
goods in the trays 6 and will ‘be collected in the container 
21 that must have a correspondingly large volume. When 
the drying is terminated the pressure in the cabinet and 
the container 21 is increased to atmospheric pressure. The 
dried goods are taken out and packed and the water is let 
out of the container 21 until level 22 is attained. To control 
automatically the operation of respective closing mem 
bers, the apparatus may have a control means which is 
adapted to control operatively the valves 10, 15, 16, 18, 
19 and 27 according to a predetermined time program, or 
in dependency of a sensing member (not shown), such as 
for instance a member for sensing ice thickness on the 
cooling surfaces 11 and 12, or a pressure sensing member 
in the drying cabinet. 
The shown and described embodiment is only to be 

considered by way of example as different variations are 
conceivable within the scope of the invention. 
What we claim is: 
1. Apparatus for the freeze drying in vacuum of prod 

ucts containing water, comprising a principal chamber 
‘for containing products to be dried; heating means in said 
principal chamber for heating ‘said products; at least one 
cooling chamber, separated from ‘said principal chamber 
by vacuum-tight partition means, for condensing water 
vapor out as ice; valve means in said vacuum-tight par 
tition means for interconnecting said principal chamber 
and said cooling chamber; evacuating means ‘for evacuat 
ing non-condensible gases from said principal chamber; 
melting means ‘for melting ice formed in said cooling 
chamber; pressure control means for maintaining a pres 
sure substantially lower than atmospheric pressure in said 
cooling chamber during the melting of ice in said cooling 
chamber; a plurality of cooling chambers separated ‘from 
each other and from said principal chamber by vacuum 
tight partition means, a cooling conduit presenting a coo-l 
ing surface ‘for freezing water vapor out as ice positioned 
in each ‘of said cooling chambers, valve means in said 
vacuum-tight partition means for opening a selected one 
of said cooling chambers to said principal chamber, evacu 
ating means opening into said cooling chambers for evacu 
ating the selected ‘one of said cooling chambers and said 
principal chamber, cooling medium means ‘for supply 
ing ‘a cooling medium to the cooling conduit of the 
selected one of said cooling chambers and ‘for preventing 
the supply of said cooling medium to the others of said 
cooling conduits, a water vapor chamber, water vapor 
generating means in said water vapor chamber, and a 
plurality of valves each ‘for opening a corresponding one 
of said coo-ling chambers to said water vapor chamber 
thereby supplying water vapor to the corresponding one 
of said cooling chambers to melt ice formed on the cool 
ing surface of said corresponding one of said cooling 
chambers. 
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2. Apparatus vfor the freeze drying in vacuum of prod 
ucts containing Water, comprising a principal chamber 
for containing products to be dried, heating means in said 
principal chamber for heating said products, at least one 
cooling chamber, said cooling chamber ‘being separated 
from said principal chamber 'by vacuum-tight partition 
means, for condensing water vapor out ‘as ice, valve means 
in said vacuum-tight partition means for interconnecting 
said principal chamber and said cooling chamber, evacu 
ating means for evacuating non-condensible gases from 
said principal chamber, melting means for melting ‘ice 
‘formed in said cooling chamber, pressure control means 
for maintaining a pressure substantially lower than atmos 
pheric pressure in said cooling chamber during the melt 
ing of ice in said cooling chamber, a water vapor cham 
ber, vacuum-tight partition means separating said water 
vapor chamber from said cooling chamber, valve means 
in said ‘last mentioned vacuum'tight partition means for 
interconnecting said cooling chamber and said water 
vapor chamber, said melting means comprising Water 
vapor generating means in said water vapor chamber, 
temperature control means for controlling the tempera 
ture of water vapor generated by said water vapor generat 
ing means, and time control means ‘for controlling said 
valve means to selectively interconnect said cooling cham 
ber and said water vapor chamber. 

3. ‘Apparatus as claimed in claim 1, wherein said water 
vapor generating means comprises a container for water, 
heating means for heating water in said container and 
overflow means for removing excess water above a deter 
mined level from said container. 
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4. Apparatus as claimed in claim 1, wherein said water 

vapor generating means comprises heat exchanging 
means. 

5. Apparatus as claimed in claim 1, further comprising 
time control means coupled to and controlling said valve 
means and each of said plurality of valves ‘for controlling 
the selection of a cooling chamber for ‘freezing water 
vapor from said principal chamber out as ice and for 
controlling the selection of a cooling chamber for melting 
ice formed on the cooling surface thereof. 

‘6. Apparatus .as claimed in claim 2, wherein said valve 
means is positioned to open said water vapor chamber 
into the lowest point of said cooling chamber to drain 
water formed by melting the ice in said cooling chamber 
into said water vapor chamber, and wherein said water 
vapor chamber includes ‘discharge means for discharging 
part of the water therein. 
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