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Process and apparatus for the treatment of flat-form material, especially of
printed circuit boards

The invention relates to a process and an apparatus for the treatment of flat-form
material, especially of coated printed circuit boards, solder masks and the like, wherein
the printed circuit boards, starting from a coating station, are subjected to various

treatment processes in succession.

EP 0 586 772 discloses an apparatus for the coating of printed circuit boards wherein
the printed circuit boards coming from the coating station are transferred into an airflow
and drying station, inside the housing of which they are introduced into special holding
elements, which are fastened to one or more endlessly circulating chains, cables or
like transport devices, which transport the printed circuit boards upwards in the

housing of the airflow and drying station, the printed circuit boards being turned over at
an upper turn-around point and conveyed downwards again, before being conveyed
out of the through-flow dryer. In order to utilise the free space above the coating
station, that known apparatus is provided with an air treatment module in a housing
which is connected to the housing of the through-flow dryer above the transport leve! of
the printed circuit boards. That air treatment module has an air filter for the inlet air, a
device for circulating the inlet air and a further device for circulating the outlet air, and a
heating device, a heat exchanger and like units, which are required for the various
treatment processes for the printed circuit boards.

As the printed circuit boards pass through the airflow and drying station, they are firstly
exposed to heated inlet air in the course of being transported upwards and then, while
they are being transported downwards and before they are moved out of the housing
of the through-fiow dryer, the heated printed circuit boards are cooled down again as a
result of the passage of cold inlet air from the air treatment module to a cold air duct
arranged inside the through-flow dryer on the output.side. After flowing over the
surface of the printed circuit boards, the cold air is drawn off into the air treatment
module via a second outlet air duct.
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For controlling the warm and cold airflow in the thi'ough-ﬂow dryer, it is necessary to
provide in the housing thereof appropriate devices and various sensors, proximity
switches and like control elements, which are also exposed to the temperature of the
relevant treatment process and by means of which the level of the treatment
temperature can be defined. An increase in the capacity of that known device is
possible only by increasing the overall size of the installation itself because the
treatment time in the through-flow dryer can be controlled only to a limited extent by

| the circulating speed of the chain conveyor. Furthermore, the processing steps within
the through-flow dryer can be changed only to a limited extent because the individual

treatment stages merge into one another.

The invention is based on the problem of providing a process and an apparatus of the
kind mentioned at the beginning such that the processing steps themselves can be
controlled very accurately and E:hanged as desired, a change in the capacity of the
installation can easily be made and, in addition, the structure of the installation is

simpiified.

The problem is solved according to the invention essentially by conveying the printed
circuit boards in groups into treatment chambers separate from one another, with a
treatment process that can be individually ‘controlled being carried out in each

treatment chamber.

As a result of the fact that the individual treatment processes are carried out in
separate treatment chambers, each treatment process in each individual chamber can
be controlled separately and, as a result, very accurately. An individual process profile

can be established in each treatment chamber.

Because, in contrast to the known mode of construction, each group of printed circuit
boards is stationary in a closed treatment chamber, there is no need for sensors,
proximity switches and like control elements, which previously had to be provided in
the through-flow dryer; consequently, in an individual treatment chamber, it is possible

to use a relatively high temperature, which would lead to problems in the known mode
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of construction because of the various control elements in the combined treatment

Zone.

The fact that each treatment chamber needs to be arranged to accommodate only a
group of printed circuit boards results in an installation of compact construction, it

* being possible to keep down energy consumption because each treatment chamber
has only a minimal volume. The small treatment units require only a small amount of
air to be supplied for the treatment process and the air treatment can, without great
trouble, be so carried out that the requirements of a certain clean-room class are met.
That is aided by the fact that there are no circulating parts present in a treatment
chamber and also no intermixing takes place as a result of backflow.

In addition, the individual treatment units caﬁ have a modular mode of construction,
with the overall result that the installation is very highly adaptable to different require-
ments; for example, a change in capacity requires only the introduction or omission of
modules, the treatment steps in an individual chamber can be changed easily without
affecting the other chambers, and the individual transport units for the groups of

printed circuit boards can be replaced or modified without great trouble.

By way of example, embodiments of the invention are described below in greater detail

with reference to the drawing, in which

Fig. 1 shows a side view of a first embodiment of a treatment installation having
separate treatment chambers; '

Fig. 2 shows, in sectional views, an airflow chamber;

Fig. 3 shows, in sectional view, a .drying chamber;

Fig. 4 shows, in diagrammatic form, a modified form of the embodiment according to
Fig. 1; |

Fig. 5 shows, in plan view,' a second embodiment;

Fig. 6 shows, in plan view, a third embodiment: and

Fig. 7 shows a section along the line A-A' in Fig. 6.
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Fig. 1 shows, in a diagfammatic side view, a coating inétallation in which printed circuit
boards 1 are deposited, one after the other, by an unstacking device 2 onto a
transporter pathway 3, which passes through a first coating station 4, a turning

station 5 and a second coating station 6, from where the transporter pathway 3 passes

into the closed housing of a treatment installation 7.

In the treatment installation 7 there are provided pallet trolleys 8 for the purpose of
accommodating a group of printed circuit boards 1, which in the em:bodiment according
to Fig. 1 are conveyed_above the level of the trénsporter pathway 3 through treatment
chambers 12, 13, 14, which are separate from one another. In the view according to |
Fig. 1, on the lower level on the input side there is an empty pallet trolléy 8, in which
the printed circuit boards coming from the coating station 6 are introduced one above
the other from top to bottom into holdfng elements 9, with the' result that the individual
printed circuit boards are stacked, spaced apart ffom one another, in the pallet troiley.
In that process, the pallet frolley_B is raised stepwise by a lifting device 10 so that each
pair of holding elements 9 wil'l be aligned with the end of the transporter péthway 3 for
the purpbée of transferring a printed circuit board. from the transporter pathway to the
paliet trolley. The printed circuit boérds 1 therein are arranged to rest on thé holding
elements 9 by way of their edges which are not provided with surface coating, or by
way of the edge of a holding frame that holds a printed circuit board while it is being
transported through the coating and treatment installation. Then, the filled paliet

trolley 8 is raised by the lifting device 10 to the upper transport llevel. That region of the
liting device 10 forms a buffer station 11. '

From the buffer station 11, a pallet trolley 8 full or pattly"full of pﬁnted circuit boards is
moved along the upper transport level into an airflow chamber 12, which is separated
from the buffer station 11 and the 'adjoining drying chamber 13 by means of separafing
walls 15. The drying chamber 13 is followed by a further drying chamber 13" and then a
cooling chamber 14. From the cooling chamber 14 the pallet trolley 8 is conveyed into
a buffer zone 16 on the output side, where the paliet trolley 8 is loWered by a further
lifting device 10 to the lower transport level. In the position shown in Fig. 1, the
individual printed circuit boards 1 are deposited from the pallet troliey 8 onto the
transporter pathway 3 leading out of the treatment instaliation 7, the unloading being
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carried out by raising the pallet trolley 8 stepwise in the same manner as loading,
according to the first-in first-out principle.- Then, the empty pallet trolley 8 is returned
along the lower transport level from the output-side buffer zone 16 to the input-side
buffer zone 11, where the empty pallet trolley is shown in Fig. 1.

In the embodiment shown, each pallet trolley 8 is provided with a separating wall 17
which, in conjunction with the separating walls 15 of the individual treatment chambers,
separates each treatment chamber from the adjacent one. For that purpose, the
separating walls 17 of the individual pallet trolleys 8 and/or the separating walls 15 of
the individual treatmént chambers are provided with sealing devices (not illustrated),
such as, for example, lip seals, which ensure a substantially air-tight seal between the
individual treatment chambers. In the illustrated embodiment, the individual pallet
trolleys are provided with only one separating wall 17 so that in the last treatment
chamber (the cooling chamber 14) the side is open towards the buffer zone 16. It is
also possible, however, for separating walls 17 to be provided on both sides of a pallet
trolley so that the last treatment chamber is also separated off from the buffer zone 16.

Each pallet trolley 8 is provided with spaced-apart supports 18, on which the individual
holding elements 9 are mounted one above the other. Those supports 18 are
displaceably mounted on a pallet trolley, so that the distance between the supports 18
can be adjusted to the width of the printed circuit boards 1 in question. The length of a
pallet trolley 8 preferably' corresponds to the maximum length of the printed circuit
boards to be treated.

Instead of the holding elements 9 shown, which are in the form of supporting ribs
inclined slightly downwards and which can be used to receive printed circuit boards of
a certain thickness that are sufﬁcient.ly rigid or do not sag excessively, it is also
possible to provide other holding elements, for example gripping devices or clampmg
elements, by means of which also thin printed circuit boards can be held spaced apart
one above the otherin a pallet trolley.



|
|
I

WO 98/48601 ) PCT/EP98/02020

6

The supports 18 with the holding elements 9 are mounted on a pallet trolley 8
preferably so as to be exchangeable, so that a pallet trolley can be quickly re-equipped
to accommodate other printed circuit boards. '

With the individual pallet trolleys 8 in the position shown in Fig. 1, the empty pallet
trolley is firstly filled with printed circuit boards 1 while the pallet trolley in the output-
side buffer zone 16 is being emptied and the airflow, drying and cooling treatment of
the printed circuit boards is taking place in the individual treatment chambers. In the
next step, the filled pallet trolley is raised in the buffer zone 11 and then, after the pallet
trolleys have been moved from one treatment chamber to the next, the freshly filled

pallet trolley is introduced into the airflow chamber 12, while the pallet trolley from the

. cooling chamber 14 is being moved out into the buffer zone 186, the pallet trolley from

the second drying chamber 13' is being moved into the cooling chamber 14 and the

. paliet trolley from the first drying chamber 13 is being moved into the second drying
- chamber 13'. During that step the emptied paliet trolley in the output-side buffer

zone 16 can be returned to the first buffer zone 11 and then, after the completely

processed pallet trolley 8 has been lowered in the second buffer zone 16, the

- described operation is repeated.

The buffer zones also serve to allow, for example, a loading operation on the input side
to be carried out without interruption while the procedure on the output side is -

interrupted as a result of a malfunction.

Fig. 2a shows, in cross-section, an airflow chamber 12 having an inlet air duct 20,
which opens out above and to the side of the airflow chamber 12 and upstream of
which, outside the airflow chamber, there can be arranged a heat exchanger 21 having
a condensation drain 32. In the inlet air duct there is preferably arranged a filter 22,
downstream of which is a heating element 23. A motor-operated fan impeller for the
movement of air is designated by the reference numeral 24. In the cross-sectional view
according to Fig. 2a, the inlet air duct extends downwards on the right-hand side,
through the height of the pallet trolley, which is open to the side, to the closed base of
the airflow chamber 12. Preferably, at least on the side of the inlet air flowing into the

pallet trolley, a guide grating 25 is provided, which ensures uniform distribution of air to
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the entire area through which air is flowing and laminarisation of the flow and as
uniform as possible a distribution of the flow of the inlet air between the printed circuit
boards in the pallet trolley as indicated by horizontal arrows 26. On the opposite side of
the treatment zone in which a pallet trolley (not illustrated in Fig. 2) is located, there
extends over the height of the treatment zone, and therefore of a pallet trolley, an
outlet air duct 27, which is in communication with an outlet opening 28 shown in

Fig. 2c, which is on the same side as the inlet opening, with the result that the outlet air
can be passed through the heat exchanger 21. A further motor-operated fan

impeller 29 for circulating air is preferably provided in the outlet air duct 27.

The plan view in Fig. 2b shows that the inlet air duct 20 extends over about half of the
upper region of the airflow chamber 12 and then widens and extends over the entire
width of the treatment zone. Correspondingly, the upper region of the outlet air duct 27
occupies about half the width of the airflow chamber.

The other treatment chambers can also have a corresponding structure, with a
circulating fan 31 having a flap valve 30 prefefably being provided in the drying
chambers and in the cooling chamber, as shown in a cross-section of a drying
chamber 13 in Fig. 3. When operating with circulating air, the air in the drying or
cooling chamber is mixed with fresh air and circulated through'the treatment zone and,
therefore, the pallet trolley.

When a pallet trolley 8 is changed from one treatment chamber to the next, the
treatment process in the individual treatment chambers is stopped, with the result that
air no longer flows in the treatment chamber and no intermixing of the airflows takes
place when the pallet trolley changes from one treatment chamber to another.

Because the individual pallet trolleys are stationary in the relevant treatment chamber
during treatment, approbriate control elements for the transport of the pallet trolleys
can be arranged outside the housing of the treatment instaliation 7, with the result that
the air flowing through the aitflow and drying chambers can be set at very high
temperatures, without the sensors and control elements being damaged as a result.
Treatment temperatures of from 20 to 200°C can be provided.
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As a re_sult of the fact that each individual treatment chamber 12, 13, 14 is separated
from the adjacent one, a suitable process profile can be established in each treatment
chamber, for example having a slowly or rapi_dl_y increasing temperature, airflow speed,
air circulation and/or the like. C_onsequently, the treatment of the coated printed circuit

boards can be controlled and influencéd in a very specific manner.

In each treatment chamber, the same conditiohs can always be maintained for each
treatment process because the treatment zone is small and enclosed and effects from

other treatment zones do not extend into the chamber.

As a result of the fact that the treatment prqcedure is split up into individual treatment
chambers, the installation can, for example, be so coptrolled that, starting with a
certain pallet trolley, operation'is changed over to another treatment procedure.

Since each treatment chambé; is prov_ide_d with fan impellers, the air throughput can be

adjusted as required.

Each'trea_tment chamber is preferably constructed in the form of a module so that, for
example, in order to enlarge the installation, it is merely necéssary to add additional
treatment modules. The individual treatment modules can have a substantially identical
structure since the airflow path is identical in all the treatment chambers. As a result,
the installation is economical to manufacture, with it being necessary in the upper
region of a treatment chamber only to fit additional fan impellers or guide elements or
to leave out filters and heating elements. Although the housing of the treatment
installation 7 forms a closed unit, it is advantageously made up frorh individual housing
elements, each module for a treatment chamber being provided with a housing portion

that can be sealingly connected to an adjacent housing portion of another module.

Consequently, the installat'ion overall has a very high degree of adaptability to different |

requirements. Individual pallet trolleys can be adjusted to accommodate a certain width .

of printed circuit boards by moving the supports 18, it being possible for a pallet trolley

adjusted to a certain width to accommeodate printed circuit boards of different lengths.
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For printed circuit boards that are, for example, very ihin and require special holding
elements 9, it is necessary merely to exchange a pallet trolley 8 or the supports 18
together with holding elements 9 on a pallet trolley. It is possible, for example, to use a
' different trolley for a different group of printed circuit boards without any changes being
made to the structure of the treatment installation itself. The capacity of the installation
itself can be increased by connecting treatment modules together in series, with, in
addition, the buffer zones offering a further possibility for adjustment of the overall
treatment procedure. In addition, it is possible to vary the treatment steps in the

individual chambers.

A treatment chamber can also be so arranged that, for example, two pallet trolleys can
be accommodated in a treatment chamber, so that two pallet trolleys are subjected to
the same treatment in a treatment chamber at the same time. In that arrangement, the
buffer zones can also be so constructed that only one of the pallet trolleys is lowered,
raised and loaded and unloaded, that is to say only one of the pallet trolieys changes
to the next treatment chamber.

Fig. 4 shows, in diagrammatic view, an enlarged treatment installation 7 and the
sequence of the various transport steps. In contrast to the treatment installation shown
in Fig. 1, in the embodiment according to Fig. 4 a third transport level is provided
above the upper transport level in Fig. 1. In view A, arrows are used to represent the
stacking and unstacking of the printed circuit boards on two pallet trolleys 8 arranged
on a lifting device 33. View B shows the change in position of the loaded and unloaded
pallet trolley resulting from those two trolleys having been raised. View C shows the
empty pallet trolley being lowered and the two pallet trolleys arranged above being
advanced accordingly, each of which is being transferred to another treatment
chamber.

View D shows the empty trolley being moved along the bottom transport level and two
filled trolleys being moved along the top transport level into the position shown in E. In
view F, the two filled trolleys on the left-hand side have been moved upwards and the
empty trolley has been raised to the height of the lower trolley on the right-hand side.
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That is followed in view G by the lowering of the full, completely processed trolley and

the empty trolley, and there then follows the stacking and unstacking as in A.

In the vertical mode of construction, in which the pallet trolleys are moved essentially in
a circuit through the individual treatment chambers, through the loading and unloading
stations and through the return zone, the return region is located on the lower, cold,
transport level, while the warm treatment region is located at the top. That vertical
arrangement makes optimum use of space, while providing an installation that has a

compact structure and can be operated continuously.

Fig. 5 shows, in plan view, a further embodiment of a treatment installation 7, in which
the individual treatment chambers are an"anged on one horizontal level. In the loading
position between the two separating walls 17, the pallet trolley 8 is loaded with printed
circuit boards in the direction of the arrow 34 and is then moved, transverse to the
loading direction, into an airflow chamber 12, in which there is arranged, for example,
approximately in the centre of the treatment installation 7, an inlet air-duct 35 for
heated air, while on the opposite outer side an outlet air duct 36 is formed by the space
between the pallet trolley and the boundary wall of the airflow chamber 12. While the
other trolleys are each being advanced by one station, the pallet trolley is moved from
the airf_low chamber 12 into a drying chamber 13, which in this approximately
rectangular transport route extends over three trolley Iength.s so that there is room for =
three pallet trolleys at one time in the drying chamber 13. In the next step, the trolley at
the top on the right-hand side in Fig. 5 is moved from the drying chamber 13 into the
adjacent cooling chamber 14, in which there is provided in the central region of the
treatment installation 7 an inlet air duct 37, opposite which, on the outer side, there is
arranged an outlet air duct 38. From the cooling chamber 14 the trolley is moved into
the unloading position shown by reference numeral 39, where the individual printed
circuit boards are deposited onto the transporter pathway 3. After unloading, the empty

trolley is returned fo the loading position.

In that installation, the warm inlet air in the drying chamber 13 is fed in at reference

numeral 40 in an opposite direction (as indicated by arrows) to the direction of
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transport, so that, after flowing through the pallet trolleys 8, the air is drawn off at
reference numeral 41. _

In that horizontal arrangement of the individual treatment chambers, the inlet and outlet
air units, heat exchangers and the like can be arranged above and/or below the
treatment chambers. The omission of lifting devices, as are required in the embodi-
ment according to Figs. 1 and 4, allows the installation according to Fig. 5 to be

produced at a lower cost.

By making the distance between the individual pallet trolleys 8 in the drying zone 13
larger and by providing separating walls that, for example, can be lowered and raised
between the individual portions of the drying zone, it is also possible for separate
drying chambers to be constructed for each individual pallet trolley in that region.

Fig. 6 shows, in plan view, a circular arrangement of treatment chambers, with the
printed circuit boards being fed in radially at reference numeral 42. The individual
treatment chambers and the loading and unloading stations are located on a

carousel 43 having separating walls 44 between the individual treatment zones so that,
after a pallet trolley has been loaded in the loading station 45.and simultaneou_sly a
pallet trolley has been unioaded in the unloading station 46, the carousel is rotated
through an angular unit, so that the loaded pallet troliey is moved from the loading
station into an airflow station 12, while a pallet trolley is moved from the airflow station
into a first drying zone 13. From the second drying zone 13', the trolley is moved into a
cooling zone 14 and, thence, into the unloading station 46. The individual treatment
chambers in that arrangement are formed by the separating walls 44, which are fixedly
mounted on the carousel 43, by the gratings 25 provided at the treatment zones for the
purpose of evening the airflow out and by the units mounted above them in a fixed
position inside the housing of the treatment installation 7, such as fan impeliers,
heating elements and the like, as shown in the partial cross-section in Fig. 7. Inlet and
outlet air ducts can be provided in the central region of the carousel 43.
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As the sectional view in Fig. 7 shows, there is providéd in the loading and unloading
stations a lifting device 47, by means of which a pallet trolley can be raised and

lowered stepwise for the purpose of loading and unloading the printed circuit boards.

Various modifications of the described forms of construction are possible. For
example, a treatment chamber can also be provided with two filters so that the same

treatment chamber can be used for various treatment processes.

The individual treatment zones are preferably so configured as to be interchangeable

with regard to the processing steps.

The individual pallet trolleys 8 can also be provided with insulation at the separating

walls 17.

The described form of construction of a treatment installation is suitable not only for
printed circuit boards, solder masks and the like but also for other flat-form material to
be treated. The coating can be carried out by screen printing, curtain coating or the

like, on one side or on two sides.

Upstream of the first coating station 4 there can be a preheating station, which is
constructed in the same modular mode of construction as the airflow or drying
chambers. Further treatment processes, such as, for example, hardening and the like,

can be provided by further treatment modules.

The printed circuit boards can be taken up and déposited continuously while the
individual treatment processes are taking place in the chambers. The printed circuit
boards remain in a horizontal position during the entire treatment procedure and do not

have to be turned over.

The buffer zones can also be provided separately from the treatment chambers,
although it is advantageous to integrate the buffer zones into the closed housing of the

treatment installation 7, as shown.
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The pallet trolleys 8, which form the transport units, are con;)éyéd through the
treatment installation 7 by a conveying device (not described in greater detail). Instead
of pallet trolleys, sled-like accommodation units for groups of printed circuit boards can
be provided, depending on the practical form of the conveying device. |

The described apparatus is especially suitable for the transport of thin printed circuit
boards and/or foils.
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What is claimed is:

1. A process for the treatment of flat-form material, especially of coated printed circuit

boards, wherein the printed circuit boards are subjected to various treatment v
processes in succession, such as alrﬂow treatment, drying, cooling and the like, ‘while

they are being transported through a housing in which the various treatment processes

are carried out,

in which process

individual treatment zones separate from one another are provided in the housing and

the printed circuit boards are conveyed into the individual treatment zones in groups, a

separate treatment process being carried out in each treatment zone.

2. A process according to claim 1,
wherein, before a group of printed circuit boards is transferred from one treatment
zone to another treatment zone, the treatment process is interrupted in the individual

treatment zones.

3. A process according to claim 1, ,
wherein the groups of printed circuit boards are conveyed vertically or horizontally in a

circuit through the treatment zones, which are separate from one another.

4. An apparatus for the treatment of flat-form material, especially of coated printed
circuit boards, having a closed housing (7), through which the printed circuit

boards (1), for the purpose of being treated, are transported by means of a conveying
device,

wherein

the housing (7) is divided up into individual treatment chambers (12, 13, 14) separate
from one another; and, for transport of the printed circuit boards, transport units, such
as pallet trolleys (8), are provided, each of which accommodate a stack of printed
circuit boards (1), the pallet trolleys (8) being transported one after the other in steps

through the various treatment chambers by means of the conveying device.
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wherein a buffer zone (11, 16) is located upstream and/or downstream of the treatment
chambers (12, 13, 14).

5. An apparatus according to claim 4,

6. An apparatus according to claim 4,

wherein the pallet trolleys (8) are transported through the individual treatment
chambers (12, 13, 14) along an upper transport level, while an empty pallet trolley is
returned from the unloading station to the loading station along a transport level

located therebelow.

7. An apparatus according to claim 4,
wherein the treatment chambers (12, 13, 14) and loading and unloading stations are

arranged to form a rectangular or circular shape in a horizontal plane.

8. An apparatus according to claim 4,
wherein each treatment chamber is arranged to accommodate one or more paliet
trolleys (8).

9. An apparatus according to claim 4,

wherein at least one separating wall (17) is fixedly mounted on each pallet trolley (8),
which separating wall (17), in conjunction with the separating walls (15) fixedly
mounted on the individual treatment chambers (12, 13, 14), closes off the treatment
chamber after a pallet troiley has been brought into the treatment chamber and
wherein sealing means are mounted on the stationary separating walls (15) and/or on

the separating walls (17) carried along by the pallet trolleys.

10. An apparatus according to claim 4, wherein

the pallet trolleys (8) are provided with spaced-apart, preferably exchangeable
Supports (18), on which holding elements (9) are mounted one above the other to
provide for the horizontal arrangement of the individual printed circuit boards (1), and
wherein the distance between the supports (18) can be adjusted for the purpose of
adapting to the width of the printed circuit boards.
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11. An apparatus according to claim 4, wherein
each treatment chamber (12, 13, 14) is constructed in the form of a module and a

plurality of treatment chambers can be combined to form a closed housing (7) of a
treatment installation.

12. An apparatus according to claim 11, wherein
each module is provided with the units required for the processing steps, such as
heating device (25), filter (22), fan impeller (24, 29) and the like.

13. An apparatus according to claim 11, wherein

in the upper portion of each treatment chamber (12, 13, 14) there are provided, next to
one another, horizontal portions of an'inlet air and outlet air duct (20, 27), and the inlet
air duct (20) extends over the width of the chamber and extends over the height of the
treatment chamber, while on the opposite side of the treatment zone the outlet air

duct '(27) extends upwards from the base of the treatment chamber and merges with
the horizontal duct portion.

14. An apparatus according to claim 11, wherein
a flow corrector (25) is provided in a tréatment chamber, at least on the inflow side of

the pallet trolieys (8), for the purpose of laminarisation and distribution of the airflow
between the printed circuit boards.

15. An apparatus according to claim 4, wherein
the treatment chambers (12, 13, 14) are provided with stationary separating walls (44)
and are arranged on a carousel (43), which can be rotated in the closed housing (7).

16. An apparatus according to claim 4, wherein
the control elements required for the control of the transport of the pallet trolleys (8)

through the treatment chambers (12, 13, 14) are arranged outside the treatment
chambers.
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