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Description

Field of the invention

The present invention relates to a method and an
apparatus for the processing of photographic sheet
material, in particular film or other photo-chemical mate-
rial, particularly for developing exposed photographic
material. In such a process the sheet material is brought
into contact with aqueous processing liquids in a
processing machine which comprises at least one wet
processing station followed by a drying station in which
wet sheet material comes into contact with heated drying
air.

Background of the invention

A known apparatus for the processing of photo-
graphic sheet material comprises at least one wet
processing station followed by a drying station in which
wet sheet material comes into contact with heated drying
air. A typical drying station comprises a drying chamber,
a heater for heating air entering the drying chamber to a
drying temperature, and a fan for recirculating a major
proportion of drying air from the drying chamber through
the heater directing the remaining proportion thereof
through an exhaust outlet. Usually, a fresh air inlet is pro-
vided for supplying fresh air through the heater into the
drying chamber.

In the drying of wet photographic sheet material at
high throughput rates, such as may be necessary in
automatic processing machines, it is important not to
expose the sheet material to too high a temperature once
the film has dried, otherwise dimensional instability may
arise. An ideal drying environment is achieved using dry-
ing air which is not too hot and has a low relative humidity.
However, if such conditions were to be employed in an
apparatus such as described above, the drying chamber
would need to be very large or the throughput of sheet
material would have to be reduced.

Summary of the invention

It is an object of the present invention to provide a
method and apparatus for drying sheet material in which
the above mentioned problems can be overcome.

According to a first aspect of the invention, there is
provided a method of drying wet photographic sheet
material in a processing apparatus comprising at least
one wet processing station followed by a drying station
in which wet sheet material is brought into contact with
heated drying air, characterised by the steps of:
feeding wet sheet material sequentially through
upstream and downstream drying chambers;
heating air entering the downstream drying chamber to
a downstream drying temperature;
recirculating a major proportion of drying air from the
downstream drying chamber while taking in a minor pro-
portion of fresh air through a fresh air inlet;
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heating air entering the upstream drying chamber to an
upstream drying temperature, higher than the down-
stream drying temperature;

recirculating a major proportion of drying air from the
upstream drying chamber while taking in a minor propor-
tion of air from the downstream drying chamber.

Preferably, the temperature of drying air in the
upstream drying chamber is within the range 50°C to
60°C, resulting in a (wet bulb) temperature lower than
40°C on the wet sheet surface and the temperature of
drying air in the downstream drying chamber is within
the range 45°C to 55°C. Ideally, the temperature of dry-
ing air in the upstream drying chamber is at least 5 C°
higher than the wet bulb temperature of drying air in the
downstream drying chamber.

From 70% to 80% of drying air from the downstream
drying chamber may be recirculated and similarly for the
upstream drying chamber.

In a preferred embodiment of the invention, the wet
sheet material is fed through the upstream and down-
stream drying chambers at a linear speed of from 0.5 to
1.4 m/ min, such as about 0.8 m/ minute.

A drying assembly comprising a conveyor for mate-
rial to be dried which travels in countercurrent to the dry-
ing air and which assembly comprises a succession of
stages in each of which are provided means for heating
and circulating the air, is known from GB 2 043 860 A.
This known drying assembly is intended for drying
tanned hides, more particularly for drying hides after
their varnishing or podding, and forms thereby an art
which is far remote from photography and is not very crit-
ical as to uniformity of drying.

In photography on the contrary, rapid and uniform
drying is necessary to speed-up production and to
ensure uniform density. It is well known that on some
photographic materials densities increase slightly as the
gelatin dries, others loose density, and slow drying may
produce areas of uneven density. At the other hand,
excessive drying temperatures cause weakening of the
gelatin whereby the image quality is reduced, they can
cause reticulation of the gelatin and still other defects.

Another disadvantage of a high drying temperature
is that it can affect the dimensional stability of the support
of the photographic material. This can have adverse con-
sequences in the production of colour proofs and the like,
wherein a colour proofing material is exposed in succes-
sion to four colour separationimages, and wet processed
and dried after each exposure. The correct register of
the distinct separation images can become unsufficient
thereby so that the quality of the final colour proof can
become unacceptable.

Drying at a temperature which is slightly lower in the
downstream than in the upstream drying chamber(s) lim-
its the risk of such dimensional changes.

As a matter of fact, the temperature in the first drying
step can be relatively high in order to reduce the relative
humidity, since the temperature of the photographic
material, e.g. a colour proof, corresponds to the wet bulb
temperature and thus is relative low (e.g. smaller than
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40 °C). In the further drying step(s) the photographic
material is almost dry and in consequence the drying
temperature may not be too high. Yet such lower temper-
ature produces a sufficient drying since a given rate of
environmental air is heated which, in combination with
the smaller moisture content of the photographic mate-
rial, produces a small relative humidity.

The invention also provides an apparatus for the
processing of photographic sheet material, the appara-
tus comprising at least one wet processing station fol-
lowed by a drying station in which wet sheet material
comes into contact with heated drying air, characterised
in that the drying station comprises:
upstream and downstream drying chambers;

a downstream heater for heating air entering the down-
stream drying chamber to a downstream drying temper-
ature;

a downstream fan recirculating a major proportion of dry-
ing air from the downstream drying chamber through the
downstream heater while taking in a minor proportion of
fresh air through a fresh air inlet;

an upstream heater for heating air entering the upstream
drying chamber to an upstream drying temperature,
higher than the downstream drying temperature;

an upstream fan for recirculating a major proportion of
drying air from the upstream drying chamber through the
upstream heater while taking in a minor proportion of air
from the downstream drying chamber.

Usually, an exhaust outlet is provided through which the
remaining portion of air from the upstream drying cham-
ber leaves the drying station.

Preferred embodiments of the invention

The invention will now be further described, purely
by way of example, by reference to the accompanying
drawings in which:

Figure 1 is a diagrammatic longitudinal section of
one embodiment of a processor for colour proof
material; and

Figure 2 is a schematic longitudinal cross-sectional
view of the drier station of the apparatus shown in
Figure 1.

With reference to Figure 1 there is illustrated a lon-
gitudinal section through an apparatus 10 for processing
exposed photographic sheet material, in particular litho-
graphic printing plates, of the type described in EP-A-
410500.

EP-A-410500 discloses an imaging element con-
taining an aluminium support provided with in the order
given animage receiving layer containing physical devel-
opment nuclei, and a photosensitive layer containing a
silver halide emulsion. Inthe document there is disclosed
a diffusion transfer reversal process (hereinafter called
"DTR process") for obtaining a lithographic printing plate
in which said imaging element is image-wise exposed
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and subsequently developed using a developing liquid
or activating liquid in the presence of a silver halide com-
plexing agent. The imaging element is then guided
through a diffusion transfer zone so that the silver halide
complexes formed during the development step are
allowed to diffuse into the image receiving layer where
they are converted to silver. When the imaging element
leaves the diffusion transfer zone a silver image is formed
in the image receiving layer. The now useless photosen-
sitive layer and optional other layers above the image
receiving layer are then removed by guiding the imaging
element through a washing and through arinsing station.
Finally the element now carrying a silver image on its
surface is treated with a finishing liquid that contains a
so called hydrophobizing agent for improving the hydro-
phobicity of the silver image.

Referring to Figure 1, there is shown diagrammati-
cally a processor 10 for the processing of an exposed
photographic film for colour proofing, which comprises a
developing station 12, a bleach-fixing station 13, a rins-
ing station 14 with a first section 15 and a second one
16, and a drying station 17.

A sheet of film 100 is transported at uniform velocity
through the processor by means of suitably driven pres-
sure roller pairs 18, 19, 20, 21, 22, 23, 24 and 25, the
roller pairs for the dryer being indicated generally as 26.
Each roller pair is mounted between two lateral walls (not
shown) spaced in parallel relationship.

Rinsing station 14 comprises a first section 15 which
is operative as a washing station, and a second station
16 which operates as a rinsing station.

Drier 17 has the form of a flat bed drier comprising
a plurality of blower slots 28, 29 located above the film
path. The drier 17 is subdivided into an upstream drying
chamber 101 and a downstream drying chamber 102.
The upstream blower slots 28 are provided with drying
air from upstream manifolds 30 while the downstream
blower slots 29 are provided with drying air from down-
stream manifolds 31. The manifolds 30 and 31 are not
shown in Figure 2 for the sake of clarity.

Referring to Figure 2, the first or upstream drying
chamber 101 and the second or downstream drying
chamber 102 are shown, connected respectively to the
upstream drying manifold 30 and the downstream drying
manifold 31 shown in Figure 1. The wet sheet material
in the form of a film 100 is fed into the drying station
through a film feed opening 118 and leaves by way of a
film exit opening 120. The film passes through the drying
chambers at a linear speed of about 0.8 m / minute.

A downstream heater 106 is provided for heating air
entering the second drying chamber 102 to a down-
stream drying temperature Tp, of about 55°C, which
depending on the moisture level of the wet sheet material
100 as it enters the second drying chamber 102 is equiv-
alent to a wet bulb temperature of below 40°C. A down-
stream fan 108 recirculates a major proportion of drying
air amounting to about 75% thereof from the second dry-
ing chamber 102 through the downstream heater 106
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while taking in a minor proportion of fresh air through a
fresh air inlet 116.

An upstream heater 110 heats air entering the first
drying chamber 101 to an upstream drying temperature
Ty of about 60°C, that is higher than the downstream
drying temperature Tp. The upstream drying tempera-
ture Ty, depending on the moisture level of the wet sheet
material 100 as it enters the first drying chamber 101, is
equivalent to a wet bulb temperature of below 40°C. The
absolute humidity in the first drying chamber 101 will be
higher than in the second drying chamber 102 since the
wet film 100 enters through the first dryer chamber 101.

An upstream fan 112 recirculates a major proportion
of drying air amounting to about 75% thereof from the
first drying chamber 101 through the upstream heater
110 while taking in a minor proportion of air from the sec-
ond drying chamber 102 via a passage 109. Air leaves
the first drying chamber 101 through an exhaust outlet
114,

The heated air which is passed into the second dry-
ing chamber 102 consists partly of outside air and partly
of air which has been recirculated from the second drying
chamber 102. It is important to ensure that cold outside
air does not enter the first and second drying chambers
with the film. This is ensured in that the air pressure
inside the drying chambers 101, 102 is higher than the
ambient air pressure. Since the absolute humidity is
lower in the second drying chamber 102 than in the first
drying chamber 101, the drying air is heated by the
upstream heater 110 to reach approximately a compa-
rable relative humidity. The recirculation of heated drying
air reduces energy consumption, while the intake of a
proportion of outside fresh air enables a lower relative
humidity to be achieved.

The first drying chamber is fed with air that does not
include any fresh air, but since the temperature in the
first drying chamber is higher the relative humidity will
drop again. The recirculation of drying air through the
first drying chamber 101 leads to a saving of energy.

The wet film 100 thus first enters a zone with a rather
low relative humidity at a reasonably high temperature.
Since the surface of the film is still wet, the temperature
of this surface will not exceed the wet bulb temperature.
Where the temperature in the first drying chamber is
about 60°C, the wet bulb temperature will be at most
38°C. This supposes however that the film is not com-
pletely dry as it leaves the first drying chamber, for if it
were over heating of the film in the second drying cham-
ber 102 might occur leading to dimensional instability.
The speed ofdrying willdepend upon a number of factors
including the nature of the film material and an operator
can optimise the process by adjustment of the drying
temperature or, less preferably, throughput speed. In the
second drying chamber 102 the temperature is lower, but
the relative humidity is also very low. therefore the con-
ditions for obtaining completely dry film are favourable.
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Claims

1. A method of drying wet photographic sheet material
in a processing apparatus comprising at least one
wet processing station (12, 13, 14, 15, 16) followed
by a drying station (17) in which wet sheet material
(100) is brought into contact with heated drying air,
characterised by the steps of:
feeding wet sheet material (100) sequentially
through upstream and downstream drying cham-
bers (101, 102);
heating air entering the downstreamdrying chamber
(102) to a downstream drying temperature;
recirculating a major proportion of drying air through
the downstream drying chamber (102) while taking
in a minor proportion of fresh air through a fresh air
inlet (116);
heating air entering the upstream drying chamber
(101) to an upstream drying temperature, higher
than the downstream drying temperature;
recirculating a major proportion of drying air fromthe
upstream drying chamber (101) while taking in a
minor proportion of air from the downstream drying
chamber (102).

2. A method according to claim 1, wherein the temper-
ature of drying air in the upstream drying chamber
(101) is within the range 50°C to 60°C, and the tem-
perature of drying air in the downstream drying
chamber (102) is within the range 45°C to 55°C.

3. Amethodaccording to claim 1 or 2, wherein the tem-
perature of drying air in the upstream drying cham-
ber (101) is atleast 5 C° higher than the temperature
of drying air in the downstream drying chamber
(102).

4. Amethod according to any preceding claim, wherein

from 70% to 80% of drying air from the downstream
drying chamber (102) is recirculated.

5. Amethod according to any preceding claim, wherein
from 70% to 80% of drying air from the upstream
drying chamber (101) is recirculated.

6. Amethod according to any preceding claim, wherein
the wet sheet material (100) is fed through the
upstream and downstream drying chambers (101,
102) at a linear speed of from 0.510 1.4 m/ min.

7. An apparatus for the processing of photographic
sheet material, the apparatus comprising at least
one wet processing station (12, 13, 14, 15, 16) fol-
lowed by a drying station (17) in which wet sheet
material (100) comes into contact with heated drying
air, characterised in that the drying station (17) com-
prises:
upstream and downstream drying chambers (101,
102);
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a downstream heater (106) for heating air entering

the downstream drying chamber (102) to a down-
stream drying temperature;

a downstream fan (108) recirculating a major pro-
portion of drying air from the downstream drying 5
chamber (102) through the downstream heater
(106) while taking in a minor proportion of fresh air
through a fresh air inlet (116);

an upstream heater (110) for heating air entering the
upstream drying chamber (101) to an upstreamdry- ¢
ing temperature, higher than the downstream drying
temperature;

an upstream fan (112) for recirculating a major pro-
portion of drying air from the upstream drying cham-

ber (101) through the upstream heater (110) while 45
taking in a minor proportion of air from the down-
stream drying chamber (102).

An apparatus according to claim 7, wherein an
exhaust outlet (114) is provided through which the 20
remaining portion of air from the upstream drying
chamber (101) leaves the drying station (17).
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