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57 ABSTRACT 

Apparatus for wet treatment of sheet- or strip-shaped 
material which is provided at its underside with a pho 
tosensitive layer has a liquid-containing vessel with 
rolls which advance the material along a substantially 
horizontal path above one or more liquid applying de 
vices whose hollow tubular housings rotate about hori 
Zontal axes and dip into the supply of liquid in the ves 
sel to apply liquid to the underside of the material. 
Each housing contains a feed screw which rotates 
therewith and conveys a stream of liquid from open 
ings at one end to openings at the other end of the re 
spective housing. A pump draws liquid from the vessel 
and discharges the thus withdrawn liquid into the ves 
sel at right angles to the direction of transport of ma 
terial so that the chemical activity of liquid which is 
being fed by the pump decreases in a direction from 
one marginal portion toward the other marginal por 
tion of the material. Each housing discharges liquid at 
the other marginal portion of the material whereby 
such liquid flows transversely of the path and its 
chemical activity decreases in a direction counter to 
that of the chemical activity of liquid which is being 
fed by the pump. This insures a more uniform treat 
ment of each portion of the photosensitive layer. 

13 Claims, 6 Drawing Figures 
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APPARATUS FOR WET TREATMENT OF SHEET 
OR STRIP MATERAL 

BACKGROUND OF THE INVENTION 

The present invention relates to apparatus for wet 
treatment of sheet or strip material, such as photo 
graphic films or web-like carriers for photosensitive 
layers. More particularly, the invention relates to im 
provements in apparatus for wet treatment of running 
sheet or strip stock which is transported through a de 
veloping or like station wherein its photosensitive layer 
is treated with a liquid substance. Still more particu 
larly, the invention relates to improvements in appara 
tus wherein at least one side of running sheet or strip 
stock is provided with a layer of liquid which is being 
withdrawn from a suitable supply by one or more rotary 
members whose peripheral surfaces are in contact with 
the material. 
Apparatus of the just outlined character are often 

used in photographic processing laboratories, for ex 
ample, as developing machines wherein a running sheet 
or strip is first contacted with an activating agent or ac 
celerator and thereupon with a suitable stabilizing 
agent which is applied with a predetermined delay to 
terminate the development of photosensitive material. 
In such apparatus, the uniformity of treatment is of 
great importance, i.e., the chemical activity as well as 
the temperature of the liquid agent or agents should be 
uniform in all portions of the running sheet or strip. 
Even minor deviations of liquid temperature or chemi 
cal activity from a desired optimum value greatly affect 
the quality of the developing treatment. 
Attempts to enhance the uniformity of treatment of 

photosensitive layers with one or more liquid agents in 
clude the provision of a device for circulating the agent 
which device cooperates with means for supplying a re 
generated liquid. The circulating device is normally ad 
jacent to one side of the path for sheet or strip material 
and serves to circulate the liquid substantially at right 
angles to the direction of travel of the material. A draw 
back of such circulating devices is that, when the width 
of a sheet or strip is considerable, the activity of circu 
lated agent decreases appreciably from the one toward 
the other side of the path with the result that the devel 
opment is non-uniform, often to such an extent that the 
final product is practically useless. 

SUMMARY OF THE INVENTION 

An object of the invention is to provide an apparatus 
for wet treatment of running sheet or strip materials 
wherein the characteristics of the liquid agent or agents 
can be maintained within an optimum range to thus in 
sure a highly satisfactory uniformity in the quality of 
treated material. 
Another object of the invention is to provide an ap 

paratus for wet treatment of sheet or strip material with 
novel and improved liquid applying means which com 
plements the action of conventional liquid circulating 
devices to thus insure a greater uniformity in the chem 
ical activity and temperature of one or more liquid 
agents. 
A further object of the invention is to provide in an 

apparatus for wet treatment of running sheet or strip 
stock novel and improved means for circulating a liquid 
treating medium to thus insure that each portion of the 
stock is contacted by a liquid whose activity and/or 
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2 
temperature does not deviate appreciably from a de 
sired value. 
An additional object of the invention is to provide the 

apparatus with novel and improved means for applying 
liquid media to running sheet or strip stock and for si 
multaneously effecting a desirable circulation of liquid 
media in the body or bodies of liquid. 
A further object of the invention is to provide the 

above outlined apparatus with novel and improved 
means which complements the liquid circulating action 
of conventional circulating devices and is capable of 
performing additional important functions. 
The apparatus of the present invention is utilized for 

wet treatment of running sheet or strip material, partic 
ularly a material whose underside is provided with a 
photosensitive layer. The apparatus comprises a vessel 
containing a supply of a treating liquid (e.g., a develop 
ing solution) and having an inlet for introduction and 
an outlet for evacuation of sheet or strip material which 
travels in the vessel lengthwise along a path located 
above the supply of liquid, and at least one liquid apply 
ing device which is mounted in the vessel at a level 
below the path and includes an elongated tubular hous 
ing having at least one liquid-admitting opening in the 
region of one end and at least one liquid-discharging 
opening in the region of the other end. The housing is 
rotatable in the vessel about a substantially horizontal 
axis extending transversely of the path, and at least a 
portion of the housing dips into the supply of liquid so 
that its peripheral surface transfers a film of liquid from 
the supply to the underside of the sheet or strip mate 
rial in the path. The liquid applying device further com 
prises liquid conveying means (preferably a feed 
screw) which is mounted in the housing to establish a 
flow of liquid from the liquid-admitting opening to and 
through the liquid-discharging opening when the hous 
ing rotates whereby the housing delivers liquid to that 
marginal portion of the running sheet or strip material 
which is remote from the region of admission of regen 
erated liquid into the vessel. 
The novel features which are considered as charac 

teristic of the invention are set forth in particular in the 
appended claims. The improved apparatus itself, how 
ever, both as to its construction and its mode of opera 
tion, together with additional features and advantages 
thereof, will be best understood upon perusal of the fol 
lowing detailed description of certain specific embodi 
ments with reference to the accompanying drawing. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a longitudinal vertical sectional view of an 
apparatus which embodies the invention; 
FIG. 2 is an axial sectional view of a liquid applying 

device substantially as seen in the direction of arrows 
from the line II-II of FIG. 1; 
FIG. 3a is a diagrammatic fragmentary horizontal 

sectional view of a conventional apparatus, showing the 
changes in chemical activity of treating liquid in a di 
rection at right angles to the direction of travel of sheet 
or strip material; 
FIG. 3b is a similar diagrammatic sectional view of an 

apparatus which constitutes a slight modification of the 
apparatus shown in FIG. 1; 
FIG. 3c is a similar diagrammatic sectional view of 

the apparatus shown in FIG. 1; and 
FIG. 4 is an enlarged sectional view as seen in the di 

rection of arrows from the line IV-IV of FIG. 2. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring first to FIG. 1, there is shown an apparatus 
for wet treatment of sheet or strip material 30, e.g., 
webs of photographic film or webs of flexible carrier 
material the underside of which is coated with a photo 
sensitive layer. The apparatus is assumed to constitute 
a developer for photographic films or the like and is in 
stalled in a laboratory at a developing station 10. A ves 
sel 11 contains a supply 18 of developing or treating 
liquid and is provided with an inlet 13 for introduction 
and an outlet 12 for evacuation of sheet or strip mate 
rial 30. The material which is transported in the vessel 
11 from the inlet 13 toward the outlet 12 advances 
along an elongated path 60 (indicated by a phantom 
line) which is located at a level above the supply 18 of 
liquid in the vessel 11. The means for transporting the 
material 30 from the inlet 13 toward and through the 
outlet 12 comprises a first pair of advancing rolls 14, 15 
which are mounted in the vessel 11 adjacent to the inlet 
13 and a second pair of advancing rolls 16, 17 which 
are mounted in the vessel 11 adjacent to the outlet 12. 
The rolls 16, 17 further serve to remove the surplus of 
treating liquid from the underside of the material 30 
whereby such surplus flows along the lower roll 16 and 
back into the main body of liquid in the vessel 11. 
The shaft 15a of the roll 15 and/or the shaft 14a of 

the roll 14 is driven in the direction indicated by the ar 
row. Analogously, the shaft 16.a for the roll 16 and/or 
the shaft 17a for the roll 17 is driven to rotate in the di 
rection indicated by the arrow. 
The apparatus further comprises means for circulat 

ing the treating liquid in the vessel 11. Such circulating 
means comprises a pump 19 which is driven by a motor 
22 (e.g., an electric motor) and draws liquid from the 
vessel 11 by way of a first pipe 20 having an intake end 
communicating with the interior of the vessel 11 in a 
region located below the advancing roll 16. A second 
pipe 21 receives liquid from the pump 19 and dis 
charges such liquid into the vessel between the ad 
vancing rolls 15, 16 at one side of the path 60. The ap 
paratus also comprises means for admitting into the 
vessel or into the pipe 21 regenerated liquid at a rate 
which is necessary to maintain the supply 18 at a con 
stant level 70. The regenerated liquid is admitted to 
compensate for evaporation of liquid from the vessel 
11, to compensate for removal of some liquid by the 
material 30 which leaves the vessel 11 by way of the 
outlet 12, and also to insure that the chemical activity 
of liquid in the vessel 11 remains at least substantially 
constant. The vessel 11 preferably further contains 
and/or is connected with suitable means for insuring 
that the temperature of the supply of liquid does not ex 
ceed or does not drop below a predetermined range of 
acceptable temperatures. Such means may include one 
or more thermometers and one or more heaters for liq 
uid. 

In accordance with a feature of the invention, the ap 
paratus further comprises one or more novel liquid ap 
plying devices one of which is shown at 50. This device 
is mounted in the vessel 11 at a level below the path 60 
and includes a hollow tubular housing 23 in the form 
of a cylinder having a shell 23A ((see FIG. 2) and two 
end walls 23B, 23C. The axis of the housing 23 is pref. 
erably horizontal and extends transversely of the path 
60. The liquid applying device 50 further comprises liq 
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4. 
uid conveying means 25 here shown as a feed screw 
which is received in the interior of the housing 23 and 
has a shaft 24 forming part of drive means for rotating 
the device 50 in the vessel 1 . The threads 25a of the 
feed screw 25 sealingly engage the cylindrical internal 
surface 23b (FIG. 4) of the housing 23. The housing 23 
is mounted in the vessel 11 in such a way that about 
one-third thereof dips into the supply 18 of liquid 
whereby the peripheral surface 23a of the housing 
transfers a film of liquid to the underside of the mate 
rial 30 in the path 60 when the shaft 24 is driven to ro 
tate the parts 23 and 25 as a unit, preferably in a coun 
terclockwise direction, as viewed in FIG. I. Thus, the 
peripheral surface 23a rotates counter to the direction 
(arrow 61) of transport of material 30 along the path 
60. 
The drive means for the liquid applying device 50 

further comprises a gear 24a which is fixed to the shaft 
24 and receives torque from a suitable motor (not 
shown) by way of a gear train. The housing 23 has one 
or more liquid-admitting first openings 26 which are 
provided in the end wall 23B and an annulus of liquid 
discharging second openings 27 which are provided in 
the shell 23A adjacent to the end wall 23C. As shown 
in FIG. 4, the partitions between the second openings 
27 are arranged to cause streams of liquid to flow from 
the housing 23 substantially tangentially of the periph 
eral surface 23a. The means for urging the underside of 
the material 30 in the path 60 against the peripheral 
surface 23a of the housing 23 comprises a stationary or 
movable biasing member 31 having an undulate bottom 
surface 31a and being mounted in the vessel 11 above 
the path 60. The film of liquid which is transferred to 
the underside of the material 30 in the path 60 by the 
peripheral surface 23a adheres to the material 30 and 
advances therewith toward an additional or auxiliary 
liquid applying device 29 here shown as a roll or drum 
driven by a shaft 29a and a gear 29b so as to rotate 
clockwise, as viewed in FIG. 1. The peripheral surface 
29c of the drum 29 dips into the supply 18 of liquid in 
the vessel 11 and applies a film of liquid to the under 
side of the material 30. At the same time, the periph 
eral surface 29c removes spent treating liquid from the 
underside of the material 30. The gear 29b is driven by 
the aforementioned motor for the gear 24a, preferably 
at an RPM which is less than the RPM of the shaft 24, 
i.e., the RPM of the additional liquid applying device 
29 is less than that of the device 50. Also, whereas the 
peripheral surface 23a rotates counter to the direction 
indicated by the arrow 61, the peripheral surface 29c 
rotates in such direction. The RPM of the advancing 
rolls 15 and 16 is preferably less than the rotational 
speed of the liquid applying device 50. Thus, the RPM 
of the device 50 preferably exceeds the RPM of each 
other device (15,29, 16) which dips into the supply of 
liquid in the vessel 11. 
The shaft 24 of the feed screw 25 is sealingly sur 

rounded by the end walls 23B, 23C of the housing 23 
so that the latter can receive liquid only by way of the 
openings 26. About one-third of the diameter of the 
feed screw 25 extends into the supply 18 of liquid in the 
vessel 11. When the gear 24a drives the shaft 24 in a 
clockwise direction, as viewed in FIG. 4, the housing 23 
rotates with the feedscrew 25. The liquid which has en 
tered the housing 23 tends to remain in the lower part 
of the interior of the housing, even when the latter ro 
tates with the feed screw 25, whereby the openings 26 
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draw or suck liquid from the surrounding supply 18. 
The liquid which enters the housing 23 in the direction 
indicated in FIG. 2 by arrows 26.a flows toward the 
openings 27 and is expelled from the housing by flow 
ing tangentially or substantially tangentially of the pe 
ripheral surface 23a. The shell 23A with its openings 27 
acts not unlike the impeller of a radical pump and co 
operates with the feed screw 25 to induce the flow of 
a continuous stream of liquid through the housing 23 
from one side to the other side of the path 60, i.e., in 
the direction in which the pipe 21 discharges liquid into 
the vessel 11 in the space between the advancing rolls 
15 and 16. 
The inflow of liquid into the housing 23 can be en 

hanced by changing the configuration and/or the posi 
tion of openings 26. For example, the openings 26 can 
be designed to provide helical paths for admission of 
liquid into the housing 23. Also, the openings 26 can be 
provided in the peripheral surface 23a adjacent to the 
end wall 23B and may be arranged to induce a tangen 
tial flow of liquid into the housing. The just described 
openings 26 can resemble the openings 27 shown in 
FIG. 4 except that their orientation is opposite to that 
of the openings 27. The extent to which the housing 23 
dips into the supply 18 of liquid influences the rate of 
liquid flow from the openings 26 towards the openings 
27. It was found that the flow of liquid in the housing 
23 is very satisfactory if about one-third of the diameter 
of the feed screw 25 dips into the liquid in the vessel 11. 

FIG. 3a illustrates the effect of circulation of treating 
liquid in a conventional apparatus. The direction of 
material transport is indicated by the arrow 61 and the 
direction of flow of liquid which issues from the pipe 21 
is indicated by the arrow 62. Thus, the regenerated liq 
uid flows at right angles to the direction of transport of 
the material whereby its activity or effectiveness de 
creases in the direction of arrow 62 so that the treat 
ment of photosensitive material along the remote mar 
ginal portion of the strip or sheet is much less intensive 
than along the marginal portion which is nearer to the 
outlet of the pipe 21. The trapezoid 118 indicates the 
decrease in chemical activity of treating liquid in the 
direction in which the liquid flows from the pipe 21 to 
ward the remote side of the vessel. Therefore, the de 
velopment of material which is being treated by the liq 
uid is unsatisfactory because it is much more intensive 
along the marginal portion which is closer to the pipe 
21. This is particularly felt when the material to be 
treated is rather wide and the quantity of treating liquid 
in the vessel is small. 
FIG. 3b illustrates the effect of treatment of material 

30 in an apparatus which embodies the present inven 
tion. The activity of liquid which issues from the pipe 
21 decreases in the same way as described in connec 
tion with FIG.3a (see the trapezoid 118). However, the 
activity of liquid which has passed through the housing 
23 and has entered the vessel 11 by way of the openings 
27 is just as high or nearly as high as that of the liquid 
issuing from the pipe 21. The liquid which issues from 
the openings 27 flows across the path 60 (arrow 63) 
and its activity decreases in a direction toward the out 
let of the pipe 21. The decrease of activity of liquid is 
suing from the openings 27 is indicated by the triangle 
218 which is superimposed upon the trapezoid 118 so 
that the overall effect of liquid on the photosensitive 
material at the underside of the running sheet or strip 
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6 
material 30 is substantially constant or uniform from 
one side to the other side of the path 60. The flow of 
liquid as indicated by the triangle 218 (arrow 63) is in 
duced by the pipe 20 which draws liquid from the ves 
sel 11 and feeds such liquid to the pump 19. It is as 
sumed in FIG. 3b that the axis of the pipe 21 is located 
in a vertical plane which includes the axis of the shaft 
24. 

FIG. 3c illustrates the effect of treatment of material 
30 in an apparatus which is identical or nearly identical 
with that shown in FIG. 1, i.e., wherein the pipe 21 is 
offset relative to the housing 23, as considered in the 
direction of the arrow 61. The triangle 218 represents 
the drop of chemical activity of liquid issuing from the 
openings 27 and flowing transversely of the direction of 
travel (arrow 61) of the material 30. The overall inten 
sity of treatment is very similar to that described in con 
nection with FIG. 3b, i.e., the chemical activity of liq 
uid is substantially uniform all the way from the one to 
the other marginal portion of the material 30 in the ves 
sel 11. The only difference is that the triangle 218 is 
slightly shifted to the trapezoid 118, as considered in 
the direction of material travel in the vessel 11. This 
does not affect the quality of treatment due to timely 
integration during transport of material from the inlet 
13 toward the outlet 12. 
The housing 23 of the liquid applying device 50 pref 

erably consists of a metallic material which is provided 
with a coating of rubber or the like. The conveying 
means 25 preferably consists of a synthetic plastic ma 
terial which can stand the corrosive action of liquid in 
the vessel 11. The other rotary parts of the apparatus, 
especially those (15,29 and 16) which dip into the sup 
ply 18 of liquid in the vessel 11, preferably consist of 
a metallic material having a coat of rubber or another 
relatively soft substance which can produce sufficient 
friction for satisfactory transport of material 30 
through the vessel. 
The improved apparatus can be used with particular 

advantage for wet treatment of photosensitive material 
in a developing unit which operates with a relatively 
small quantity of a liquid medium. If the supply of liq 
uid is relatively small, even minor fluctuations in chem 
ical activity and/or temperature of the liquid medium 
might greatly affect the quality or intensity of treat 
ment, regardless of whether the fluctuations are of lo 
calized nature or take place at timely spaced intervals. 
The improved apparatus insures a highly satisfactory 
mixing of the supply of liquid as well as a thorough dis 
persion of admitted regenerated liquid to thus reduce 
the likelihood of fluctuations in chemical activity and 
for temperature. 
The drive means for the liquid applying device 50 

may be of the reversible type. This is desirable in con 
nection with the treatment of certain types of materials. 
If the direction of rotation of the device 50 shown in 
FIGS. 1, 2 and 4 is reversed, the liquid will flow through 
the housing 23 in a direction from the openings 27 to 
ward the openings 26. In such apparatus, the openings 
27 are preferably replaced by openings similar to the 
openings 26 and are provided in the end wall 23C of 
the housing 23. 
The apparatus may comprise two or more liquid ap 

plying devices 50. For example, the drum 29 can be re 
placed with a liquid applying device having a hollow 
housing and liquid conveying means in the hollow 
housing. 
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A feed screw 25 may alternatively or additionally be 
included in an advancing roll which is mounted in the 
vessel 11 in such a way that about one-third thereof 
dips into the liquid. The wet treatment apparatus may 
then be of a type wherein the photographic film is 
dipped into the liquid, too and which has no liquid ap 
plying devices. 
Further there exists the possibility to rotate the hol 

low tubular housing 23 and the feed screw 25 at differ 
ent velocities by separate drive means for the shaft 24 
and the tubular housing. The direction of rotation of 
the feed screw is determined in accordance with the 
conveying direction of the threads 25a. 
Without further analysis, the foregoing will so fully 

reveal the gist of the present invention that others can, 
by applying current knowledge, readily adapt it for var 
ious applications without omitting features which fairly 
constitute essential characteristics of the generic and 
specific aspects of our contribution to the art and, 
therefore, such adaptations should and are intended to 
be comprehended within the meaning and range of 
equivalence of the claims. 
What is claimed as new and desired to be protected 

by letters Patent is set forth in the appended claims: 
1. In an apparatus for wet treatment of running sheet 

or strip material, combination comprising a vessel for 
a supply of treating liquid, said vessel having an inlet 
for introduction and an outlet for evacuation of mate 
rial whereby the material which travels lengthwise be 
tween said inlet and said outlet advances along a prede 
termined path; at least one elongated roll mounted in 
said vessel and including an elongated hollow cylindri 
cal housing having a peripheral surface contacting the 
material in said path, an internal surface, at least one 
liquid-admitting first opening in the region of one end 
and at least one liquid-discharging second opening in 
the region of the other end thereof, said housing being 
rotatable about a substantially horizontal axis extend 
ing transversely of said path and at least a portion 
thereof dipping into said supply of liquid, and liquid 
conveying means including a feed screw provided in 
said housing and arranged to establish a flow of liquid 
from said first to said second opening, said feed screw 
having threads in at least partial sealing engagement 
with said internal surface of said housing. 

2. A combination as defined in claim 1, wherein said 
peripheral surface transfers liquid from said supply to 
the underside of material in said and the underside of 
material in said path is provided with a photosensitive 
layer. 
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8 
3. A combination as defined in claim 1, further com 

prising means for rotating said feed screw relative to 
said vessel. 

4. A combination as defined in claim 1, further com 
prising at least one liquid applying device mounted in 
said vessel at level below said path, said device being 
rotatable in said vessel about a second axis extending 
transversely of said path and having a peripheral sur 
face dipping into said supply of liquid and contacting 
the material in said path, and drive means for rotating 
said housing and said additional device about the re 
spective axes. 

5. A combination as defined in claim 4, wherein said 
drive means includes means for rotating said housing at 
a first RPM and means for rotating said device at a 
lower second RPM. 

6. A combination as defined in claim 5, wherein said 
feed screw which rotates with said housing at said first 
RPM. 

7. A combination as defined in claim 1, further com 
prising drive means for rotating said housing so that 
said peripheral surface rotates counter to the direction 
of transport of material along said path. 

8. A combination as defined in claim 7, wherein ap 
proximately one-third of said housing dips into said 
supply of liquid. 

9. A combination as defined in claim 1, wherein said 
first and second openings are respectively located at a 
first and a second side of said path, and further com 
prising means for circulating the liquid of said supply 
in a direction from said first toward said second side of 
said path. 

10. A combination as defined in claim 1, wherein said 
second opening is provided in said peripheral surface 
of said housing. 

11. A combination as defined in claim 10, wherein 
said second opening is arranged to discharge liquid sub 
stantially tangentially of said housing. 

12. A combination as defined in claim 1, wherein said 
housing has a cylindrical shell and two end walls, said 
first opening being provided in one of said end walls. 

13. A combination as defined in claim 1, further 
comprising means for advancing sheet or strip material 
along said path, said means for advancing comprising 
a first pair of rolls in the region of said inlet and a sec 
ond pair of rolls in the region of said outlet, said hous 
ing being located between said first and second pairs of 
rolls. 
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