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@) Drying.

@ it is known to dry photographic paper using
radiant heat and air streams passing over the sur-
face of the paper. However, it is important that the
paper is not over- or under-dried. Described herein
is a method and apparatus which dries photographic
paper without the risk of over- or under-drying it.
This is achieved by sensing the moisture remaining
in the paper after it has passed through an initial
heating stage, and using the sensed moisture con-
tent to control the power supplied to heaters and
other devices in subseguent heating stages which
assist in the removal of moisture from the paper.
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The present invention relates to the drying of
materials, particularly, but not exclusively, sheet or
web materials such as photographic paper and
film.

A number of methods are known for drying
photographic paper, for example that shown in Brit-
ish Patent Specification GB-A-1561897. This meth-
od involves directing radiant heat only on to the
non-image-bearing side of the photographic paper
as it travels through a drying chamber and simuita-
neously causing a stream of air to flow over the
image-bearing side of the paper.

When drying photographic paper, it is as im-
portant to ensure that the paper is not over-dried
as it is that is not under-dried. The disclosure of
GB-A-1561897 does not in fact indicate that this is
a factor to be taken into consideration.

It is therefore an object of the present invention
to provide a method and apparatus for ensuring
that the material being dried is not over- or under-
dried.

According to one aspect of the present inven-
tion, there is provided a method of drying a ma-
teriai comprising the steps of applying heat to at
least one side of the material; and sensing the
amount of moisture remaining in the material after
it has been heated so as to determine whether any
further drying is required.

According to a second aspect of the present
invention, there is also provided apparatus for dry-
ing a material comprising heater means for apply-
ing heat to at least one side of the material, charac-
terised in that at least one sensor is provided for
measuring the amount of moisture remaining in the
material after it has received heat from the heater
‘means so as to determine whether any further
drying is required.

Advantageously, the heater means comprises
at least two heating stages, at least one sensor
being positioned between adjacent stages.

Each sensor may be connected fo control
means which controls power supplied to the heater
means.

The apparatus may further comprise blower
means for blowing air on to at least one side of the
material, and each sensor may be also connected
to the control means in order to conirol the power
supplied to the blower means.

Measurement of the moisture remaining in the
material can be achieved by any convenient meth-
od. in one method, at least one of the sensors may
be a capacitance sensor. Alternatively, contact con-
ductive resistance sensors may be used.

For a betfter understanding of the present in-
vention, reference will now be made, by way of
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example only, to the accompanying drawings in
which:-

Figure 1 is a side elevation of drying appara-
tus according to the present invention; and

Figure 2 is a schematic block diagram of a
circuit which may be used in controlling the ap-
paratus of Figure 1.

Although the following description is directed to
the drying of photographic paper it is emphasised
that it is equally applicable to the drying of any
faterial, particularly in sheet or web form. ’

Figure 1 illustrates drying apparatus in which a
sheet or web of photographic paper 2 is being
dried. The paper 2 passes through the apparatus
with its emulsion side uppermost.

Infra-red heaters 4, 4 are positioned below the
path of travel of the photographic paper 2, and are
arranged in two stages. These heaters 4, 4 are
used to heat the wet emuision layer of the paper,
by conduction, through the base on to which the
emulsion layer is coated. A reflector 18 is posi-
tioned around each heater 4, 4’ so that most of the
heat generated by the heater is directed upwards
on io the base of the photographic paper 2.

At the same time as heat is applied to the
paper 2 through its base, unheated air is blown on
to the emulsion side of the paper 2 by fans 6. This
enables water vapour released from the surface of
the paper 2 to be carried away.

Squeegee rollers 8 are provided at the entry to
the apparatus, the paper 2 entering the apparatus
between these rollers. The rollers 8 remove surface
water which then passes out through a drain outlet
10.

Transport rollers 12 are provided at the exit
from the apparatus. These rollers 12 direct the
dried paper 2 on to further processing stages, for
example, to cutting apparatus which cuts the paper
into individual prints.

The squeegee rollers 8 and transport rollers 12
are driven (by means not shown) so as to direct
the paper 2 into and out of the drying apparatus.

A sensor 14 is positioned halfway along the
path which the paper 2 takes through the drying
apparatus, that is between heater stages 4 and 4,
The sensor 14 senses the amount of moisture left
in the paper 2 as it passes that sensor (after
passing through heaters 4). The sensor 14 uses a
proportional capacitance technique to determine
the amount of moisture remaining in the paper.

From the measurements made by the sensor
14, the power supplied to the heaters 4" which
follow sensor 14 (in the direction of travel of the
paper) is controlled so as to, in turn, control the
amount of further drying that takes place.
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Although only one sensor 14 is shown after the
first two heaters 4, further sensors could be pro-
vided at that position if desired.

A fan 16 circulates air in the space 40 to
provide a small quantity of cooling air for the
sensor 14 and the backs of reflectors 18.

Wire guides 20 are provided to ensure that the
paper 2 is transported across the heaters 4, 4 to
the transport rollers 12.

A sensor 22 is positioned after the transport
rollers 12 so as to provide a final check on the
amount of moisture in the paper 2 as it leaves the
apparatus.

A circuit which may be used to controi the
apparatus of Figure 1 is shown in Figure 2. The
circuit comprises a central logic controller 24 which
has inputs 26 and 28 from the sensors 14 and 22
(not shown), and outputs 30, 32, 34 and 36 which
are connected to the fans 6, fan 16, transport
rollers 12 and heaters 4, 4 respectively (also not
shown).

The present invention has the advantage that
the power consumption is minimised and the dan-
ger of overheating the paper is avoided. Also, the
amount of drying is controlled independently of the
temperature or humidity of the air being used to
dry the material.

When the present invention is used in a dryer
which operates with infra-red radiation and unheat-
ed air, it is very fast. In particular, a high level of
power can be applied at the initial stage and then
the need for any further drying determined as
described above.

The present invention can be used in process-
ing machines to dry coated exposed and pro-
cessed material. It can also be used in drying any
web or material, for example in coating operations,
or in drying chemical solids out of solutions or
other materials.

Although in the above described arrangement,
use is made of non-contacting heaters, contact
heating using a hot surface can also be employed
where appropriate. For example, the wire guides 20
in contact with the base of the paper could be
heated directly. Furthermore, recycled hot air can
also be employed.

Capacitance sensing is the preferred arrange-
ment, although contact conductive resistance sens-
ing can also be used.

Other heating arrangements could also be em-
ployed, for example those using infra-red or micro-
wave radiation.

Although as described above the arrangement
utilises heating the material from one side and
blowing air from the other side, it is emphasised
that any other suitable arrangement could be used
as long as the material is heated from at least one
side. For example, both the heating and the blow-
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ing of air could be on the same side of the ma-
terial. The material could be heated from more than
one side. Similarly, the air could be blown from
more than one side.

Although as described above, the paper can
pass through two heating stages, it is emphasised
that any suitable number of heating stages can be
employed as desired.

Furthermore, as an alternative to the heating
stages being provided by physically successive
heaters, they could be provided by the paper being
exposed to the same heaters more than once by
recycling the paper through the same heaters.

The arrangement described above has the ad-
ded advantage that it can be used under any
climatic conditions without requiring further adjust-
ment. Naturally, adjustment will need to be made
to accommodate materials having different physical
characteristics.

Claims

1. A method of drying a material (2) comprising
the steps of :-
applying heat to at least one side of the material
(2); and
sensing the amount of moisture remaining in the
material (2) after it has been heated so as to
determine whether any further drying is required.

2. A method according to claim 1, further com-
prising the step of blowing air on to at least one
side of the material (2).

3. A method according to claim 2, wherein the
amount of moisture sensed is then used in control-
ling the air being blown.

4. A method according to claim 1, wherein the
amount of moisture sensed is then used in control-
ling the amount of any further heat applied.

5. A method according to any one of claims 1
to 4, wherein the applied heat is infra-red radiation.

6. A method according to any one of claims 1
to 4, wherein the material (2) is in sheet or web
form.

7. Apparatus for drymg a material (2) compris-
ing heater means (4, 4) for applying heat to at
least one side of the material (2), characterised in
that at least one sensor (14) is provided for mea-
suring the amount of moisture remaining in the
material (2) after it has received heat from the
heater means (4) so as to determine whether any
further drying is required.

8. Apparatus according to claim 7, wherein the
heater means comprises at least two heating
stages (4, 4) and at least one sensor (14) posi-
tioned between adjacent stages (4, 4 ).

9. Apparatus according to claim 8, wherein
each sensor (14, 22) is connected to control means
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(24) which controls power supplied to the heater
means (4, 4').
10. Apparatus according to claim 7, further
comprising blower means (6) for blowing air on to
at least one side of the material (2). 5
11. Apparatus according to claim 10, wherein
each sensor (14, 22) is connected to control means
(24) which controls power supplied to the blower
means (6). '
12. Apparatus according to any one of the 10
preceding claims, wherein at least one sensor (14,
22) is a capacitance sensor.
13. Apparatus according to any one of claims 7
to 11, wherein at least one sensor (14, 22) is a
contact conductive resistance sensor. 15
14. Apparatus according to any one of claims 7
to 11, wherein the heater means (4, 4') emits infra-
red radiation.
15. Apparatus according to any one of claims 7
to 11, wherein the material (2) is in sheet or web 20
form.
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