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{57] | ABSTRACT

An improved process for coating sheet substrates with
thermoplastic polymer is disclosed. In the process the
sheet substrate forms one die lip of the extrusion coating
die. The sheet substrate is passed from face-to-face
contact with the metal block of the extrusion coating
die into a spaced apart relationship with one die lip of
the extrusion coating die, the sheet substrate forming
the second die lip. Molten thermoplastic polymer is
extruded into the space between the one die lip and the
sheet substrate, thereby coating the sheet substrate with
polymer. The preferred polymer is a poly-a-olefin,
especially polyethylene or a copolymer of ethylene and
butene-1. The preferred sheet substrate has orifices in
the surfaces thereof. The process may be used to coat
sheet substrates with a thermoplastic polymer, e.g. in
the manufacture of form boards for the construction
industry. '

7 Claims, 2 Drawing Figures
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1

PROCESS FOR COATING SHEET SUBSTRATES
WITH THERMOPLASTIC POLYMER

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this relssue specifica-
tion; matter printed in italics indicates the additions made

by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present tnvention relates to a process for coating
sheet substrates with thermoplastic polymer and in par-
ticular to an improved process for coating sheet sub-
strates with a relatively thick coating of thermoplastic
polymer in which the sheet substrate forms one die lip
of the extrusion coating die employed in the coating
process.

2. DESCRIPTION OF THE PRIOR ART

Techniques for the coating or lamination of a sheet
substrate with thermoplastic polymer to form coated
panels are known. For example the substrate and the
thermoplastic polymer in the form of film or sheet may
be brought into contact and laminated by the applica-
tion of heat and pressure. Alternatively, the sheet sub-
strate may be coated with thermoplastic polymer in a
heated, and especially in a molten form. Adhesion of the
thermoplastic polymer to the substrate is usually en-
hanced by applying pressure to the coated substrate
before the thermoplastic polymer cools. Adhesives may
be applied to the substrate before the substrate is coated
with the thermoplastic polymer. Alternatively, adhe-
sion-promoting compounds may be applied to the sub-
strate or incorporated into the thermoplastic polymer.

Thermoplastic polymer-coated sheet substrate in the
form of coated panels may be used in a variety of end
uses. For example, polyolefin-coated wooden panels
may be used as concrete form boards, as is disclosed by
D. H. Dawes and J. P. van den Steen in Canadian Pat.
No. 931,486 which issued Aug. 7, 1973. Coated panels
may also be used in the conconstruction industry in
interior and exterior applications. Techniques for coat-
ing wooden structures so as to obtain products of im-
proved properties are disclosed in U.S. Pat. No.
3,544,669 of F. Schock which issued Dec. 1, 1970.

Coated panels having a coating of thermoplastic ma-
terial of a thickness of at least 0.25 mm on a substaniially
inflexible substrate are disclosed in U.S. Pat. No.
4,004,774 of A. J. Houston which issued Jan. 25, 1977.
In the coated panels disclosed by A. J. Houston, the
coating of thermoplastic material i1s mechanically at-
tached to the substrate. The substrate has a piurality of
orifices in the surface thereof that is to be coated, the
orifices being of a shape such that at least in part, the
cross-sectional area of the orifice increases as the dis-
tance from the surface of the substrate increases. The
coating of thermoplastic material is applied so that the
thermoplastic material extends into the orifices at least
as far as the portion of the orifices of increasing cross-
sectional area.

An mmproved process for the coating of sheet sub-
strates with thermoplastic polymer so as to form coated
panels, especially the coated panels disclosed by A. J.
Houston, has now been found.

SUMMARY OF THE INVENTION

Accordingly the present invention provides in a pro-
cess for coating a substantially inflexible sheet substrate
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with a coating of thermoplastic polymer in which mol-
ten thermoplastic polymer is extruded between first and
second die lips of an extrusion coating die and onto a
face of said sheet substrate, said extrusion die being
formed, in part of a metal block having means to feed
molten polymer therethrough to said die lips, the im-
provement comprising feeding the sheet substrate in
face-to-face contact with said metal block over substan-
tially the entire width of said sheet substrate, passing
said sheet substrate from contact with the metal block
into spaced apart relationship with the first die lip, said
sheet substrate thereby forming the second die lip of the
extrusion coating die, extruding molten thermoplastic
polymer into the space between the first die lip and the
sheet substrate and thereby coating the sheet substrate
with thermoplastic polymer.

In a preferred embodiment of the process of the pres-
ent invention, the sheet substrate has a plurality of ori-
fices in the surface thereof that is to be coated, the
orifices being of a shape such that, at least in part, the
cross-sectional area of the orifices increases by at least
ten percent as the distance from the surface of the sub-
strate increases.

In a further embodiment the thermoplastic polymer is
a polyolefin especially a homopolymer of ethylene or a
copolymer of ethylene and butene-1.

In another embodiment the coating on the substrate
1s, prior to solidification of the molten thermoplastic
polymer, contacted with at least one roll, the roll pref-
erably having a smooth surface.

DESCRIPTION OF THE DRAWING

FIG. 115 a schematic representation of the cross-sec-
t1on of one embodiment of the present invention.

FIG. 2 is a schematic representation of the cross-sec-
tion of another embodiment of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

As stated above the present invention relates to the
coating of sheet with a thermoplastic polymer. The
invention will be described hereinafter with particular
reference to FIGS. 1 and 2.

With reference to the embodiment shown in FIG. 1
the apparatus used in the embodiment comprises an
extrusion coating die, indicated generally by 1, a sheet
substrate 2, and adjustable platform 3 and supports 4.
The extrusion coating die 1 has a metal block 5 with a
planar bottom surface 6 in face-to-face contact with the
upper surface 7, 1.e. the surface that is to be coated with
thermoplastic polymer, of sheet substrate 2. Planar bot-
tom surface 6 of metal block § has a number of recesses
8 therein. In recesses 8 are located rotatable ball 9 and
spring 10. Rotatable ball 9 is held in contact with sur-
face 7 of sheet substrate 2 by spring 10 and facilitates the
movement of sheet substrate 2 with respect to planar
bottom surface 6 of metal block 5.

Metal block 5§ has a channel 11 in fluid communica-
tion with a source (not shown) of molten thermoplastic
polymer. Channel 11 1s, in turn, in fluid flow communi-
cation with die gap 12, die gap 12 being the space
formed between the surface 7 of sheet substrate 2 and
uppet die lip 13. Upper die lip 13 1s attached to metal
block § and 1s located in the side of metal block 5 that is
away from that adjacent to recesses 8 in the planar
bottom surface 6 of metal block §. Die gap 12 is adjust-
able by, for example, adjustment of the upper die lip 13,
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such adjustment being accomplished by die lip adjust-
ment means 14.

Choker bar 18 extends through metal block 5 and
partially into channel 11. The extent to which chaoker
bar 15 extends into channel 11 is adjustable using choker 3
bar adjustment 16. Sheet substrate 2 1s supported by
adjustable platform 3 and supports 4. The position of
adjustable platform 3 with respect to exirusion coating
die 1 may be adjusted using worm screw 17.

In the embodiment shown two rolls 18 and 19 are
shown to be located adjacent to upper die lip 13. The
surfaces of rolls 18 and 19 are in contact with coating 20
on sheet substrate 2. Air cooling means 21 is located
hetween roll 18 and roll 19 and spaced apart from coat-
ing 20. The air cooling means may also be located be- -
fore roll 18 or after roll 19, or any combination thereof.

In the embodiment shown [he sheet substrate 2 has a
plurality of orifices 22 located thercin. Orifices 22 are of
smaller cross-sectional arca near the surface 7 of sheet
substrate 2 than at a position away from the surtace.

In the embodiment shown in FIG. 2 the apparatus
comprises an extrusion coating die, indicated generally
by 31, a sheet substrate 2, support rolls 32 and 33 and
drive roil 34. The extrusion coalting die 31 has a metai
block 35 with a planar bottom surface that consists of
two sections viz. rear extended die tip 36 and front
extended die lip 37. Rear extended die lip 36 1s in face-
to-face contact with upper surface 7, r.e. the surface that
is to be coated with thermoplastic polymer, of sheet
substrate 2. Front extended die lip 37 is in spaced apart
relationship, but essentially parallel to, upper surface !
of sheet substrate 2. The space between front extended
die lip 37 and sheet substrate 2 forms die gap 38.

Metal block 35 has a channel 39 in fluid flow commu-
nication with die gap 38, channe! 39 bemng connected 1o
a source {not shown} cof molten polymer.

Support rolls 32 and 33 are located under sheet sub-
strate 2 opposite extrusion coating die 31, Drive roll 34
is located bevond the end of front extended die hip 37
and on the opposite side of sheet substrate 2 thereto.
Surface roll 40 is located opposite drive roli 34 te. on
the same side of sheet substrate 2 as front extended die
lip 37. Surface roll 40 is in contact with coating 41.

Air ring 42 is located above coating 41 and adjacent 45
to surface roll 40. Air ring 42 is on the opposite side of
surface roll 40 to front extended die Hip 37.

In operation of the apparatus of FIG. 1, the position
of adjustable platform 3 is adjusted sc that sheet sub-
strate 2 will be in sliding engagement with both planar
bottom surface 6 of meta! block 5 and adjustable plat-
form 3. Sheet subsirate 2 is passed, using driving means
not shown, in sliding engagement with planar bottom
surface 6 and adjustable piatform 3, such passage betng
facilitated by rotatable balls 9. Sheet substrate 2 then
passes into spaced apart relationship with upper die lip
13, thereby forming die gap 12, Moiten thermoplastic
polymer is extruded through channel 11 into die gap 12
The rate of flow of thermoplastic polymer may be ad-
justed in part using choker bar 18, If the sheet substrate
2 has orifices 22, as is shown in the embodiment 1ilus-
trated in FIG. 1, the pressure of the thermopiastic poly-
mer as the result of extrusion of the polymer through
channel 11 forces polymer into orfices 22, 'The thick-
ness of the coating may be adjusted by mm particular
adjusting the position of upper die ip 13. The coating 20
of molten thermoplastic polvmer thus formed on sheet
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4
thereby forming a solidified coating of thermoplastic
nolymer on the sheet substrate

The sheet substrate 2 may be used in relatively long
lengths with the coated substrate being cul mnto desired
length or the sheet substrate 2 may be pre-cui into the
desired lengths and fed to the extrusion coating di¢ tn an
essentially abutting series of sheet substrate sections,

In a preferred embodiment the coating 20 15 con-
tacted with at least one driven roll, rolls 18 and 19 of
FIG. 1, after coating 20 becomes cut of contact with
upper die lip 13. The rolls preferably have smooth sur-
faces and are adapted to provide a smooth surfuce on
coating 20. Coating 20 may also be cocled using air
cooling means 21. In a particularly preferred embodi-
ment as the coated substrate passes from the extrusion
coating die, the still molten coating is contacted with, in
serics, roll 18, cooling air from air cooling means 21 and
roll 19.

In another embodiment an auxihary heater 18 located
in upper die lip 13. The auxihary hcater may be used to
reduce or eliminate “‘cold spots” in the extruded coating
and to reduce or prevent sticking of the coating 20 to
upper die lip 13.

The apparatus of FIG. 2 is operated in 4 manuer
similar to that of FIG. 1. Sheet substrate 2 1s passed,
using drive means not shown and/or drive roil 34, n
sliding engagement with rear exiended hip 36 and sup-
ported by rolls 32 and 33. Sheet substrate 2 15 1n spaced
apart relationship with front extended hp 37, thereby
forming die gap 38. Molten thermoplastic polymer s
extruded through channel 39 into die gap 38. 'The rate
of flow of thermoplastic polymer may be controlied
within channel 39 by means not shown. If sheet sub-
sirate 2 has orifices 22, as is shown in F1{5. 2, the pres-
sure of the thermoplastic polymer as the result of extru-
sion of the polymer through channel 39 forces polymer
into orifices 22. The thickness of coating 41 may be
adjusted by in particular adjusting the position of front
extended hip 37.

Roll 40 is preferably a smooth roll so as to aid o
smnothing the surface of coating 41 although roll 4l
may be adapted to emboss the surface of coatng 41. In
the embodiment shown in FIG. 2 air ring 42 18 adapled
ty cool both coating 41 and roll 40.

The sheet substrate 2 may be any substantialiy inflexi-
ble sheet substrate that will not melt or be significanily
degraded at the temperatures used in the extrusion of
the thermoplastic polymer. The substrate prefcrably has
a plurality of orifices in the surface thereof that is to be
coated. The orifices preferably are of a shape such that,
at least in part, the cross-sectional area of the orifices
increases by at least ten percent as the distance from the
surface of the substrate increases. The orifices are pret-
erably of a cross-sectional area of greater than 0.035 sq.
cms. The depth of the orifices may be equal to or less
than the thickness of the shect substrate. The preferred
substrate is wood but substrates of metal or of a poly-
mer, especially thermoplastic polymer, that does not
melt or significantly degrade at the temperatures used
the process may be used.

The coating applied to the substrate is preferably of a
thickness of at least 0.25 mm and especially G 5-5.0 mm.

The thermoplastic polymer used for coating 26 miust
he capable of being extruded und must be sohid under
the condittons of the proposed end use of the cogled
substrate. Preferred thermoplastic polymers arc poly-
amides, for example polyhexamethyiene adipamide,
polystyrene, polyvinyl chlonde and poly-a-olefins, for
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example polypropylene and especially homopolymers
of ethylene and copolymers of ethylene and a-olefins,
tor example, butene-1 or vinyl acetate.

The thermoplastic polymer may contain fillers, pig-
ments, stabilizers, foaming agents and/or reinforcing
agents. For homopolymers of ethylene and copolymers
of ethylene and butene-1 the melt index is preferably in
the range 0.2-30.0 and especially in the range 0.3-7.5,
melt index being measured by the method of ASTM

D-1238 (Condition E). Preferred homopolymers of 10

ethylene and copolymers of ethylene and butene-1 are
those of densities of at least 0.935 g/cm3 and especially
at least 0.945 g/cm? and in particular such polymers
having a broad molecular weight distribution.

Suitable polyethylenes may be obtained by any of the
well known polymerization processes; using a coordina-
tion catalyst is a particularly useful route which may be
readily adapted to provide homopolymers of cthylene
as well as copolymers of ethylene and other a-olefins,
for example butene-1.

Processes for the extrusion coating of substrates,
especially wooden substrates having orifices, are sus-
ceptible to a number of potential process problems. The
potential problems include tendencies for “sink marks”
or dimples to appear in the surface of the coating at the
location of the orifices in the substrate, for incomplete
filling of the orifices and for the wooden substrate to
warp and thus become nonplanar. As is illustrated here-
inafter the present invention is capable of producing
coated substrates of higher quality than those from a
so-called “‘conventional” coating process in which the
die is positioned above the substrate and the polymer is
extruded down and onto the substrate. Conventional
processes often include a smoothing roll similar to roll
40 described hereinabove, excess polymer being al-
lowed to accumulate adjacent to the smoothing roll to
ald in the attaining of a uniform coating.

In the process of the present invention the orifices
may readily be filled with the thermoplastic polymer,
Moreover the front extended die lip of the die signifi-
cantly reduces any tendencies for the substrate to warp
and for sink marks to form if the substrate has orifices.

The length of the extension of the die lips is a factor
In the operation of processes of the present invention.
Preferably the length of the front extended die lip is at
least 10 cm and in particular at least 15 cm.

In addition to the use of the extended die lips, the use
of air rings and especially the rate of cooling of the
coating achieved thereby may be a factor in the forma-
tion of sink marks in the coating,.

If the sheet substrate is wood, it is preferable to dry
the surface thereof before coating the substrate accord-
Ing to the process of the present invention. |

While the process of the present invention has been
described hereinabove with particular reference to the
coating of substrates having orifices, the process may be
used with substrates having no orifices or with sub-
strates having slits in the surface thereof, especially
alternating elongated slits at angles of about 45° and
about 135° to the surface.

The process of the present invention is particularly

useful for the manufacture of the coated panels de-
scribed in the aforementioned U.S. Pat. No. 4,004,774 of
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A. J. Houston. In particular the process of the present 65

Invention may be used in the manufacture of polyethy-
lene-coated wooden form boards for use in the con-
struction industry,

6

The present invention is illustrated by the following
examples:

EXAMPLE ]

Plywood sheets having a width of 15 cm and a thick-
ness of 1.25 cm and having orifices spaced apart at
approximately 2.5 cm centres, the orifices being of a
diameter of 0.62 cm extending therethrough and reamed
to a diameter of 1.2 cm on the side of the plywood that
was not to be coated, were dried in an oven at 121° C.
for 30 minutes. The dried plywood sheets were then
coated using the apparatus illustrated in FIG. 2 and
described hereinabove.

The thickness of the coating was approximately 1.8
mm. The coating could be removed from the coated
plywood sheets only if the polymer was sheared at the
orifices.

In order to test the coated plywood, samples of the
coated plywood were immersed in water for a period of
time. The panels were then examined for cracks extend-
ing from an orifice to an adjacent orifice.

Further details and the results obtained are given In

Table 1.

TABLE I
———— e
Run ] 2 3 4 5 6
Polymer* A B C D E F

R — e

Polymer Temperature 287 271 237 237 237 237
("C)

Melt Pressure

(Kg/cm?) in die 4390 4390 4460 4480 3950 3950
Speed of Plywood 1.5 1.5 1.2 1.2 1.8 1.8
(m/min)

Orifices Filled With |

Polymer (%) 100 100 100 100 100 100
Warpage of Coated

Plywood nONeé nOnNe noné none none none
Sink Marks in

Coating none fone none noneé none none
Testing of Samples

(a) Temperature of

Water (°C.) 80 80 80 80 80 80
Test Time (hours) 24 24 24 24 24 24
Appearance of Yes yes no no yes  yes
Cracks

(b) Temperature of

Water (°C.) 20 20 20 20 20 20
Test Time (hours) 624 624 624 624 624 64
Appearance of

Cracks no no no no no no

*Polymer A - ethylene homopolymer having a density of 0.960, a melt index of 0.75
and a broad molecular weight distribution

Polymer B - ethylene homopolymer having a density of 0.950, a melt index of 4.0
and a medium molecular weight distribution

Polymer C - ethylene/butene-1 copolymer having a density of 0.941, a melt index of
1.25 and & broad molecular weight distribution

Polymer D - ethylene/butene-1 copolymer having a density of 0.946, a melt index of
0.35 and a broad molecular weight distribution

Polymer E - ethylene homopolymer having a density of 0.956, a meli index of 1.0
and narrow molecular weight distribution

Polymer F - ethylene/butene-| copolymer having a density of 0.947, a melt index of
2.49 and a medium molecular weight distribution.

EXAMPLE II

As a comparison the plywood of Example 1 was
coated using a conventional process. A flat film die was
located above the plywood at a height of 0.6 cm. Mol-
ten polymer was extruded onto the plywood and was
allowed to accumulate adjacent to a smoothing roll
located approximately S cm from the die.

Further details and the results obtained were as fol-
lows:
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Run 7 8 9 10
Polymer*" G H i J
Polymer Temperature 240 240 223 240
(°C.)

Speed of Plywood 1.5 1.5 {3 1.5
(m/min)

Coating Thickness 1.2 1.8 1.8 2.1
(mm)

Orifices filled with 50 NM 3G 0
Polymer (%)

Warpage of Coated yes yes yes yes
Plvwood

Sink Marks in yes yes ves YES
Caoating

**Polymer G - ethylene/butene-1 capalymer having a density of £.546, a melt index
of & and & narrow molecuiar weight distribution .
Polymer H - ethylene homopelymerr having a density of 0.560, & melt index of 0.4
and a broad molecular weight distribution

**Palymer [ - ethylene homopolymer having a density of 0.960, a melt index of 5 and
a narraw molecular weight distribution

Polymer J - ethylene homopolymer having a density of 0.955, a melt index of 2.% and
a medium molecular weight distribution

NM . not measured but less than 50%.

EXAMPLE Il

Plywood sheets of the type described in Example 1
were coated with extrusion grade polyvinyl chloride
having a specific gravity of 1.37 and a Shore A hardness
of 85 and which had been obtained from Carlew Chemi-
cals Limited of Montreal, Que., under the trade designa-
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tion Y. 371. Nat. The sheets were coated at a speed of 10

0.5 m/min using the procedure described in Example I.
The melt temperature of the polyvinyl chloride on ex-
trusion was 216" C.

The polyvinyl chloride coating extended through the
orifices in the sheet to the part thereof that had been
reamed. The coating, which had a thickness of approxi-
mately 0.8 cm, could only be removed from the coated
plywood sheets if the polymer was sheared at the ori-
fices.

We claim:.

[1. In a process for coating a substantially inflexible
sheet substrate with a coating of thermoplastic polymer
in which molten thermoplastic polymer is extruded
between first and second die lips of an extrusion coating
die and onto a face of said sheet substrate, said extrusion
die being formed, in part, of a metal block having means
to feed molten polymer therethrough to said die lips,
the improvement comprising feeding the sheet substrate
in face-to-face contact with said metal block over sub-
stantially the entire width of said sheet substrate, pass-
ing said sheet substrate from contact with the metal
block into spaced apart relationship with the first die
lip, said sheet substrate thereby forming the second die
lip of the extrusion coating die, the first die lip extend-
ing substantially parallel to and in spaced apart relation-
ship from the sheet substrate for a distance of at least 10
cm, said sheet substrate having a plurality of openings
selected from the group consisting of orifices and slits 1n
the surface thereof, extruding molten thermoplastic
polymer into the space between the first die lip and the
sheet substrate and thereby coating the sheet substrate
with thermoplastic polymer.}
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[2. The process of claim 1 in which the thermoplastic
polymer is selected from the group consisting of poly-
amid:ies, polystyrene, polyvinyl chloride and poly-a-ole-
fins.

[ 3. The process of claim 2 in which the thermoplastic
nolymer is polyvinyl chloride.

[ 4. The process of claim 2 in which the thermoplastic
polymer is a poly-a-olefin. ]

[5. The process of claim 4 in which the poly-a-olefin
is selected from the group consisting of homopolymers
of ethylene and copolymers of ethylene and butene-1.}

[6. The process of claim 5 in which the sheet sub-
strate is wood. ]}

[7. The process of claim 5§ in which that part of the
metal block which contacts the sheet substrate in face-
to-face contact is a rear extended die lip. ]

8. The process of claim [5] 5 in which the openings
are orifices, said orifices being of a shape such that, at
least in part, the cross-sectional area of the orifices in-
creases as the distance from the surface of the substrate
Increases.

[9. The process of claim 8 in which the substrate 1s
wood. ]

10. The process of claim [9] 75 in which the first die
lip extends substantially parallel to and in spaced apart
relationship to the sheet substrate for a distance of at
least 13 cm.

11. The process of claim [9] 15 in which an air ring
is used to cool the polymer after extrusion thereof.

12. The process of claim [9] I5 in which a smooth-
ing roll is used to apply a smooth surface to the coating.

13. The process of claim [9) 75 in which the poly-
mer has a density of at least 0.935 gm/cm? and a melt
index in the range 0.2-30.

14. The process of claim [9] 75 in which the poly-
mer has a density of at least 0.945 gm/cm? and a melt
index in the range 1-7.5 and that part of the metal block
which contacts the sheet substrate in face-to-face
contact is a rear extended die lip.

15. In a process for coating a substantially inflexible
sheet substrate with a coating of thermoplastic polymer
having a thickness of at least 0.25 mm in which molten
thermoplastic polymer is extruded between first and second
die lips of an extrusion coating die and onto the face of said
sheet substrate, said extrusion die being formed, in part, of
a metal block having means to feed molten polymer there-
through to said die lips, the improvement comprising Jfeed-
ing a wood sheet substrate in face-to-face contact with said
metal block over substantially the entire width of said sheet
substrate, passing said sheet substrate from contact with the
metal block into spaced apart relationship with the first die
lip, said sheet substrate thereby forming the second die lip
of the extrusion coating die, the first die lip extending
substantially parallel to and in spaced apart relationship

55 from the sheet substrate for a distance of at least 10 cm,
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said sheet substrate having a plurality of openings selected

from the group consisting of orifices or slits In the surface

thereof. extruding molten thermoplastic polymer into the
space between the first die lip and the sheet substrate and
thereby coating the sheet substrate with thermoplastic poly-

mer.
& TR .
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