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14 Claims. (ClL 15—510)

This invention relates to the application of thin layers
onto flat plates or other flat surfaces, and more particu-
larly to an improved device for applying thin layers of
controllable and adjustable thickness to such plates or
surfaces.

In various operations, such as that of chromatographi-
cally separating mixtures of chemical substances into thin
sorption layers, means are required capable of applying
uniform thickness layers of the materials or mixtures to
the plates, the materials or mixtures at this time being
either in paste form or highly viscous. Various arrange-
ments are known for applying these layers, including one
method in which a predetermined amount of a viscous
mixture is applied to a glass plate and is thereafter thinned
out with a suitable tool, such as a spatula, to a thickness
of about 2 to 3 mm. Other arrangements have involved
a funnel-shaped device secured to a base plate, and through
which glass strips, having a width of about 1.5 cm., are
pushed so that the plates will be coated with a layer of
about 3 mm. thick. However, for chromatography em-
ploying very thin layers of materials, with thicknesses of
between 20 and 30 microns, such techniques are not suit-
able.

Additionally, the higher development of thin layer
chromatography, and particularly two-dimensional chro-
matography, has resulted in relatively large plates of
square or polygonal shape being employed in the place
of the previously used relatively narrow glass strips, these
relatively large plates having a number of advantages. A
prerequisite for successful chromatography with such rela-
tively large plates is that the layers have a uniform thick-
ness at all areas of the plates, and that there be no grooves,
cleavages or beads on the layer surface so that the latter
will be homogeneous and even. Known devices are not
capable of covering a large plate with a layer of material
of uniform thickness as, in all known prior art arrange-
ments, there always occur frequent “set off” areas where
the apparatus is applied to or lifted off from the plate. At
these set off areas, the layer will be thicker than.in other
aréas. Careful studies have indicated that difficulties of
this nature cannot be overcome simply by enlarging known
apparatus as, if the known apparatus and devices are
enlarged, then the difficulties are increased.

Another known disadvantage of prior art devices, par-
ticularly in chromatography and in other applications
where rather thin viscous masses are used, is that these
thin pastes or masses cannot be applied with the known
devices because they tend to flow out of the device before
the application procedure is initiated. Additionally, prior
art known devices for thin layer chromatography can be
used only with strips having a predetermined width and,
when the width of the strip is changed, another device has
to be used which is constructed and dimensioned in ac-
cordance with the width of the new strip.

. The present invention is directed to a device by means
of which large square or polygonal plates, as well as a
series arrangement of narrow or wide strips, either per se
or in combination with quadratic plates, can have a rela-
tively thin paste-like substance applied thereto in a uni-
form thickness layer in a single working operation. It is,
accordingly, an object of the invention to provide a device
which, is capable of applying uniform thin layers of a rela-
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tively thin paste-like substance to relatively large area
plates or surfaces.

While devices are known in other arts for applying a
thin layer of material along a path of a predetermined
width to be coated, it has been found that these are not
particularly applicable to applying thin layers of the type
just mentioned above and consisting of relatively thin or
free-flowing material. Also, these known devices are not
effective for a large volume operation wherein it is desired
to coat a relatively large number of strips or plates in a
relatively short time. This latter factor is important, par-
ticularly when using silica-gypsum materials which solid-
ify rapidly, or when using any other materials or mix-
tures which solidify rapidly.

" Thus, another object of the invention is to provide an
applicator having a substantially flat undersurface in which
there is formed an accurately dimensioned horizontally
extending outwardly opening notch formed by undercut-
ting the relatively flat support surface. This notch con-
stitutes a discharge notch for the material to be applied to
a glass strip or plate of any desired width and which rests
on a base plate, in such a manner that the glass plate can
be coated with a uniformly thick layer of the material in
a single operation and in a relatively short time.

A further object of the invention is to provide such an
applicator including a sleeve rotatably mounted in the
applicator and movable between a material receiving posi-
tion and a material discharge position, this sleeve having
a slot extending longitudinally thereof and having parallel
edges and which may be selectively wholly or partially
registered with a substantially rectangular slot in the appli-
cator and leading to the horizontal discharge notch. - By
relative angular adjustment of the sleeve, the rate of out-
flow of the material may be accurately controlled. Fur-
thermore, due to the provision of this angularly adjust-
able sleeve, the pressure head of the material in the appli-
cator does not act entirely at the horizontal exit notch,
and by rotating the sleeve to a position in which its slot
is out of registry with the slot leading to the horizontal
discharge notch, the material can be retained against run-
ning out of the applicator except when it is desired to
discharge the same. Furthermore, with the sleeve “closed,”
the applicator may be lifted from the base plate without
any material running out of the applicator,

A still further object of the invention is to provide an
applicator of the foregoing type in which a vertically ad-
justable slide is provided to control the effective vertical
extent of the discharge opening of the horizontal discharge -
notch. Thereby, the thickness of the layer of material
applied to the plate can be very accurately controlled.

Still a further object of the invention is to provide novel
means, including cooperating indicating means, for ac-
curately adjusting the position of this slide in accordance
with the desired thickness of the layer of material to be
applied.

A still further object of the invention is to provide such
an applicator in which the composition of the material
may be gradually and uniformly changed throughout the
length of the working stroke of the applicator.

Another object of the invention is to provide such an
applicator including agitator means operable to maintain
the material in the applicator thoroughly mixed to prevent
settling and sedimentation thereof.

A still further object of the invention is to provide such
an applicator in which the mixture may be prepared with-
in the applicator and then discharged in a regulated man-
ner therefrom.

For an understanding of the principles of the inven-
tion, reference is made to the following description of
typical embodiments thereof as illustrated in the accom-

.panying drawings.
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In the drawings:

FIG. 1 is a perspective view of one form of applicator
embodying the invention;

FIG. 2 is a longitudinal sectional view through another
form of applicator embodying the invention, and includ-
ing an angularly adjustable flow control sleeve;

FIG. 3 is a transverse sectional view through the appli-
cator shown in FIG. 1;

FIG. 4 is a transverse sectional view through the appli-
cator shown in FIG. 2;

FIG. 5 is a plan view illustrating the base plate with
the plates to be coated arranged thereon, and further il-
lustrating the applicator in operative association with the
base plate;

FIG. 6 is a perspective view of another form of appli-
cator embodying the invention;

FIG. 7 is an elevation view of a control slide used in
the applicator shown in FIG. 6; ‘

FIG. 8 is an end elevation view of the control slide
shown in FIG. 7;

FIG. 9 is a longitudinal sectional view through the ap-
plicator shown in FIG. 6;

FIGS. 10 and 11 are transverse sectional views through
the applicator shown in FIG. 6, FIG. 10.illustrating the
angularly adjustable sleeve in the material receiving posi-
tion and FIG. 11 illustrating the angularly adjustable
sleeve in the material discharging position;

FIG. 12 is a plan view of the base plate with the plates
to be coated arranged thereon, and illustrating the appli-
cator of FIG. 6;

FIG. 13 is a longitudinal sectional view through an-
other form of applicator embodying the invention; ’

FIG. 14 is a plan view of the applicator shown in
FIG. 13;

FIG. 15 is a transverse sectional view. of the applicator,
taken on the line 15—15 of FIG. 14; and

FIG. 16 is a longitudinal sectional view through ar. ap-
plicator of the type shown in FIGS. 13 and:14, and illus-
trating an agitator device, '

Referring first to the embodiments of the invention
shown in FIGS. 1 through 5, each applicator includes a
relatively elongated body, of essentially quadrilateral or
other polygonal cross section, illustrated. at 1 (FIGS. 1

and 3) and 1’ (FIGS. 2 and 4), and having a flat under-

surface 21 or 21’. Each block 1, 1’ may be made. of
metal, synthetic resin, or.any other desired material, and
is formed with a cylindrical bore 1b extending longitudi-
nally thereof. In the embodiment of the invention shown
in FIGS. 1 and 3, the block 1 is formed with a preferably
rectangular and longitudinally extending discharge slot
1a, opening through the bottom surface 21 of the block,
and with a filling slot 1c opening through the top surface
22 of the block.

The applicator as a whole is indicated. at 9, and- each
block 1 or 1’ has secured to one end. thereof a relatively
large handle plate 5 provided with an opening 23 Plate
5 is arranged to engage one longitudinal edge of a support
surface or plate 6 on which the plates 7-and the relatively
narrow strips 7a are positioned, locating strips 8 and 8a
being provided.to properly position.the plates 7 and the
strips 7a on the support surface 6, as best seen in FIGS.
2 and 5.

In the embodiment shown in both FIGS. 1 and 2, the
undersurface 21 or 21’ of the block 1 or 1’ is undercut to
form a horizontally extending notch 3 or 3’ which is pref-
erably rectangular in plan and opens through a side. sur-
face of the blotk. Material within the block 1, as in the
bore 16 of FIGS. 1 and 3, will flow through the slot 1a
into the notch 3 and will be distributed by the latter as a
thin layer over the surface of the plates 7.and:7a. The
thickness of the layer of material thus distributed.is.con-
trolled, in the embodiment shown in FIGS. 1 and 3, by a
slide 4 which. is vertically adjustable in a notch 25 in a
side surface 24 of the block 1, the slide 4 being held in
adjustable position by clamping bolts or screws 26.
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The block 1’ shown in FIGS. 2 and 4 is essentially the
same as the block 1 of FIGS. 1 and 3, but in this case the
upper surface 22’ of the block is not formed with a filling
opening. Instead thereof, an angularly adjustable cylin-
drical sleeve 2 is rotatably mounted within the bore and
may have an enlarged end 27 for relative angular ad-
justment of the sleeve. This sleeve 2 is formed with a
longitudinally extending substantially rectangular slot 2a
which is selectively registrable, to a greater or less degree,
with the slot 1’ opening through the lower surface 21’
of the block 1. Thereby, the sleeve 2 may be rotated to
a position in which the slot 2a is in full registry with the
slot 14’, and with the block 1’ in the inverted position the
material to be applied as a layer may be discharged into
the sleeve 2. The sleeve 2 may then be rotated so that
the slot 1a’ is completely blocked, so that the material
may thereby be retained within the applicator at all times.
To discharge material from the applicator, the sleeve Z
is rotated to bring the slot 2a into a desired degree of reg-
istry with the slot 14’ in the block 1’, the degree of registry
being determined by the viscosity of the material and the
desired thickness of the layer to.be applied. In this case,
the thickness of the layer applied onto the plates 7 and 7a
is determined by the spacing or height of the horizontal
discharge slot 3’. For example, the height of this slot
may be a few millimeters, in one case, or in another case
it may be 250 microns, which is optimum for many pur-
poses.

It should be noted that the guide strips 8 and 84, which
are arranged at right angles to each other, preferably have
a thickness as shown in FIG. 2, which is less than that of
the plates 7 and 7a to which the coating or layer is.to be
applied. The length of the plate 6 is selected in accord-
ance with the desired operating stroke, and a length of
about 1 meter will generally. be sufficient. With a base
plate or suppott surface 6 having a length of about 1
meter, about 65 strips each 1.5 ¢m. in width, or 40 strips
each 2.5 cm. in width, can be coated in a single opera-
tion. Alternatively, 5 quadratic plates 20 c¢m. wide can
be coated in a single operation.

While the invention is particularly applicable to the
coating of thin sorption layers for chromatography, it will
be understood that it may well be applied. to any other
operation in which layers of a predetermined thickness
are to be applied to a flat relatively. wide surface.in a
single operation. It is particularly applicable where rela-
tively thin.mixtures are to be applied onto carrier plates.
Examples of this are the production of thin agar or starch
gel layers, such as used. in. electrophoresis in order. to de-
termine the characteristics of colored or uncolored. layers
of synthetic material. Furthermore, the applicator can
be used for applying thin layers of powder which are
to be spread in a thin and uniform layer, such as used in
measuring reflection properties.

Referring. to the embodiment of the invention shown
in FIGS. 6 through 12, the block 31 illustrated therein cor-
responds substantially to the block 1’ previously de-
scribed, and is provided with a cylindrical slotted' sleeve
32 which is substantially identical to the sleeve: 2. The
sleeve 32 may be provided with an operating knob 33,
which is preferably knurled, and with an operating handle
34, as best seen in FIG. 6.

In this embodiment of the invention, the adjustable
slide 40 is formed with a pair of obliquely extending and
relatively aligned longitudinal slots 10 and 10a through
which extend bolts 11 and 11a which are threaded into the
block 31. A clamping bolt 12 is provided for securing
the slide in adjusted position. By loosening the bolts 11,
11a.and 12, the slide may be moved to the right or to the
left to raise or lower the same, after which the several
bolts may be tightened. A scale 13 is provided on the
slide 40 and is cooperable with a fixed indicating. mark
41 on the body 31, and this scale 13 may be calibrated
in millimeters indicating the height of the lower edge
of the slide 40 above the surface or plate to be coated.
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In some operations, it is desired to apply the coating
in such a manner that the effective characteristics or com-
position of the coating will vary in a continuous manner,
or in a quasi-continuous manner, such as stepwise,
throughout the length of the operating stroke. For ex-
ample, it may be desired to attain a stepwise variation
of the basicity of the sorption layer. In such case, the
characteristic of the coating may vary from a strongly
acid condition through the neutral point to a strongly basic
condition, or, alternatively, the variation can be within a
certain range of pH values. As another typical opera-
tion, part of the sorption band may contain an active sorp-
tion agent such as aluminum oxide or silica gel, whose
concentration is increased toward one end of the sorp-
tion band and decreased toward the other end thereof,
while the concentration of an inactive sorption agent,
such as cellulose, may be increased in correspondence
with the decrease in the active sorption agent. The varia-
tion in the layer may take place from left to right or
vice-versa along the length of the layer, or it may vary
throughout the length. Furthermore, the variation may
be either continuous or stepwise.

FIGS. 13 through 16 show an applicator by which such
variable composition or variable characteristics of the
applied layer can be attained. Generally speaking, in this
embodiment of the invention, the angularly adjustable
sleeve is subdivided by axially spaced partitions into a
plurality of adjacent chambers, while the filling slot or
opening of the block member is divided by a diagonally
extending partition, and which may form part of a de-
tachable funnel arrangement for filling the applicator.
Thus, a relatively acid mass can be placed in one com-
partment of the funnel and a relatively basic mass in the
other compartment, the one compartment decreasing in
width from one end of the applicator to the other and the
pther compartment increasing in width from one end of
the applicator to the other. Thus, the relative propor-
tions of basic material and acid material in the respec-
tive compartments of the sleeve will be varied continu-
ously throughout the axial length of the sleeve.

Preferably, a hollow shaft extends through the parti-
tions in the sleeve, and a rod is reciprocable axially of this
hollow shaft. This rod has agitating wings extending
therefrom, through slots, in the hollow or tubular shaft,
into each of the separate compartments. Thus, by rotat-
ing or reciprocating the rod, the individual masses can be
kept thoroughly mixed and prevented from sedimenta-
tion.

In FIGS. 13 through 16, the block 101 is formed, in
the same manner as previously described, with a filling
slot 102 and a discharge slot 103 which leads to a horizon-
tally extending undercut notch 104 in the undersurface of
the block, such as described in connection with FIGS. 1
through 5. The discharge slot 103 opens into such under-
cut portion 104. Regulation of the thickness of the layer
applied to the material is effected by a vertically adjust-
able slide 105 which has vertical slots 106 receiving
screws or bolts 107, and which is vertically adjusted by
a micrometer screw 108 threaded through an eye or open-
ing in an ear 109 of the applicator block. By observation
of the reading of the micrometer screw 108, the height of
the lower edge of the slot 105 above the upper surface
of the plates 7 or 7a to be coated can be readily and ac-
curately adjusted and set.

A semi-cylindrical sleeve 110 is angularly adjustably
mounted in a cylindrical bore in the block 181 and is pro-
vided with a knurled operating knob 122. This sleeve
can be brought selectively into alignment or registry with
a filling slot 102 in the block 101, or into any desired
degree of registry with the discharge slot 103. The in-
terior of the sleeve 110 is divided into individual cham-
bers 112 by means of axially spaced discs 111 fixed on a
shaft 113.

A filling funnel 114 is disengageably mounted in regis-
try with the slot 162 of the block 101, and is divided into
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two chambers by a diagonally or obliquely extending par-
tition 115. By means of the partition 115, a pair of com-
partments 116 and 117 are provided which reversely vary
in width throughout the length of the slot 102. Thus,
an acid phase of the material may be placed into the
space 116 of the funnel, and a basic phase of the same
material may be supplied to the space 117. Thereby,
chambers 112 in the sleeve 110, formed by the discs 111,
will contain variable proportions of the basic and acid
phases of the material, considered longitudinally of the
slot 102, and the mixing in each chamber is in a prede-
termined proportion which is preset by the diagonal par-
tition 115 and the number of chambers 112. Thus, the
mixture may vary in pH values from an acid phase
through a neutral phase to a basic phase, serially of the
chambers 112.

In order to maintain good mixing with individual cham-
bers 112, and as best shown in FIG. 16, the shaft extend-
ing axially of the sleeve 110 may be a tubular shaft 113’
having slots 118 opening through its wall in each of the
chambers 112. ‘A rod 119 is mounted through the tubu-
lar shaft 113’ for rotation and axial reciprocation, and
has vanes or blades 120 extending upwardly through the
slots 118 into the chambers 112. The rod 119 may be
provided with an operating knob or head 121 so that it
may be readily rotated, oscillated or axially reciprocated.
By virtue of this arrangement, the material in the dif-
ferent chambers 112 may be thoroughly and continuously
agitated to prevent any sedimentation thereof. As an
advantageous feature, the slots 118 may extend helically
so that, upon a reciprocation of the rod 119, the vanes
120 may be oscillated through a predetermined angle.

While specific embodiments of the invention have been
shown and described in detail to illustrate the application
of the principles of the invention, it will be understood
that the invention may be embodied otherwise without
departing from such principles.

What is claimed is:

1. Apparatus for applying thin, uniform thickness lay-
ers of flowable material to the relatively flat upper sur-
faces of plural plates of equal thickness comprising, in
combination, means providing a supstantially flat sup-
port surface on which said plates are positioned in adja-
cent relation; a relatively elongated applicator body posi-
tionable to extend transversely of the support surface and
having a substantially flat undersurface engageable with
said plates; said undersurface being undercut to form a
substantially horizontal discharge notch opening through
a longitudinal edge of the body, and said body having a
substantially cylindrical bore extending longitudinally
thereof and being formed with an elongated slot connect-
ing said bore to said discharge notch for flow of material
from the interior of said bore outwardly through said dis-
charge notch; and means, including said discharge notch,
regulating the thickness of the layer material discharged
through said discharge notch.

2. Apparatus as claimed in claim 1, including a sub-
stantially cylindrical sleeve extending coaxially of said
bore and angularly adjustable therein; said sleeve having
a slot extending longitudinally thereof and selectively
registrable, to a predetermined degree, with said slot con-
nected to said discharge motch to regulate the flow area
of material from said bore into said discharge notch.

3. Apparatus as claimed in claim 2, in which said body
has an upper surface formed with a material filling slot
extending longitudinally thereof; said sleeve being angu-
larly adjustable to register its slot with said filling slot
for filling material into said sleeve.

4, Apparatus as claimed in claim 1, in which said
longitudinal edge is the lower edge of another surface of
said body extending upwardly from said undersurface;
and a relatively elongated flat slide mounted on said up-
wardly extending surface for adjustment vertically thereof
to regulate the effective flow height of said discharge
notch,
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5. Apparatus as claimed in claim 4, in which said
slide is formed with a pair of longitudinally spaced
obliquely extending and aligned slots therein; clamping
means extending through said slots and engaged in said
block; whereby, by loosening said clamping means and
moving said, slide longitudinally of said block, the effec-
tive height of said slide may be readily adjusted.

6. Apparatus as claimed in claim. 5, including coop-

erating scale and indicia means on said. slide and said.

body for indicating the adjusted. height of said slide.

7. Apparatus as claimed in claim 1, in which said
means providing a. substantially flat support surface is a
supporting plate; and guide means secured to at least
one. end of said body and engageable with a rectilinear
edge of said support, plate for guided movement of said
body along said support plate.

8. Apparatus. as claimed in claim 7, including posi-
tioning ledges on said flat support surface engageable
by said plates for location thereof on said flat support
surface, said positioning' ledges having a height above
said flat support surface less than the thickness of said
plates.

9. Apparatus as claimed in claim 3, including plural
axially spaced partitions subdividing the interior of said
sleeve into axially adjacent chambers; and a diagonally
extending partition operatively associated with said filling
slot to subdivide the latter into two filling openings each
communicating with each of said chambers.
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10. Apparatus as claimed in claim 9, including a filling
funnel disengageably securable in registry with said filling
slot, said diagonally extending partition being provided
in said funnel.

11. Apparatus as claimed in claim 9, in which said par-
titions are secured to a shaft extending coaxially of said
sleeve.

12. Apparatus as claimed in claim 9, including agitator
means disposed in each of said chambers; and externally
accessible means operable to conjointly operate said agi-
tator means.

13. Apparatus as claimed in claim 11, in which said
shaft is tubular and is formed with a pair of opposing
slots in each of said chambers; an agitator rod extending
through said tubular shaft and reciprocable axially there-
of; and blades on said agitator shaft extending through
said last-named slots into said chambers.

14. Apparatus as claimed in claim 13, including an
operator on said agitator shaft externally of said body.
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