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@ Resinous polymer sheet materials having selective, surface decorative effects and methods of making the same.
@ Resinous polymer sheet material having surface decora-

tive effects. The material is made by applying to a potentially

foamable resinous composition (16) a printing composition

layer (18) forming a pattern and then applying to said printing .

composition layer a resinous polymer wear layer (22) having F I G . 3

therein reactive polymerizable and cross-linkable monomeric

materials. There is included in areas (20) of the sheet material

a polymerization initiator, preferably dicumylperoxide, cap-

able of initiating a polymerization and cross-linking reaction ;-B- : lugw 22 ! 10

of the monomeric materials, and the surface of the wear layer wan ) 20 ,"A" ‘J IJ ! /

is heated in order to develop the foam, preferably also AN ] 17 NA"

mechanically embossed, and to bring about such reaction at 20 1 20

the areas of the polymerization initiator. The melt viscosity of 8

the wear layer at said areas is thereby increased so that said 16~{8,° ‘:o ° g . 16

areas will have a different appearance than the other area of ok’ S, e 12

said wear layer. | ! [ .
Al- B Mfaidg 14

Croydon Printing Company Ltd.
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The présent invention relates to decorative sheet
materials, and more particularly to decorative resinous
polymer sheet materials having controlled, selective place-
ment of surface decorative effects of use as floor, wall and
ceiling coverings; desk, table and counter tops; surface
layers on leather, fabrics, wood, paper, paper products,
glass, metals, plastics, etc.; upholstery, d?épery, clothing
and apparel matefials; iﬁteriors for cars, trucks, trains,
airplanes, and other vehicles or other means of transporta-
tion; covers for books, periodicals and other publications;
boxes, cartons, containers; and other receptacles; maps, road

markers and similar and like articles. Even more particularly,

the present invention is concerned with resinous polymer

decorative sheet materials having smooth, glossy or lustrous

surfaces in some areas; or embossed, dead or dull mat sur-

faces in other areas; or embossed, glossy or lustrous sur-
faces in still other areas; or smooth, dead or dull mat sur-
faces in still further areas; all of such areas sharply con-
trasting with each other and in perfect registry with a
pattern or deéign printed on such decorative sheet materials.
Decorative sheet materials of a resinous polymer
composition have been manufactured for many years and one of
the commonest means of creating or enhancing the decorative
effects has been to provide éelected portions of the surface

of such decorative sheet materials with different types of
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- 3- 0003965

contrasting finishes or effects, or surface gloss or luster

differentials, for example, with smooth, glossy or lustrous
surfaces; embossed, dead or dull mat surfaces; embossed,
glossy or lustrous; and smooth, dead or dull mat surfaces, all
shdrply contrasting with one another.

Many methods, including differential mechanical
embossing, inlaying or chemical etching, and other methods,
have been devised to provide such sharply contrasting sur-
facés but all of such prior art methods have always left
something to be desired. For example, differential mechanical
embossing combined with pattern or design printing has
always created registration problems and related difficulties.
Inlaying and chemical etching methods have normally been
costly aqd process~time consuming. |

It is therefore a principal purpose and object of
the present invention to provide resinous polymer compositions
in sheet material form having selective, surface decorative
effects created by the controlled placement of various
different surface finishes, embossings, or surface gloss
differentials wherein smooth or embossed glossy or lustrous
surface areas sharplg contrast with each other and with smooth
or embossed dead or dull mat finish surfaces, using methods
in which registration probleﬁs and difficulties are substan-
tially completely eliminated and which methods are neither
costly nor process-time consuming.

It has been found that such principal purposes and
objects, and other principal purposes and objects which will
become clear from a further reading and understanding of this
disclosure, may be accomplished by providing a resinous poly-

mer sheet material for use in preparing a product having

-3
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surface decorative effects comprising a base layer or sub-
strate; a printing composition layex forming a pattern or
design on said base layer or substrate; a resinous polfmer
wear layer on said printing composition layer comprising sub-
sta;tially uniformly therein reactive polymerizable and cross-
linkable monomeric materials; and a polymerization initiator
capable of initiating a polymerization and cross-linking re-
action to polymerize and to cross-link said reactive polymer-
izable and cross-linkable monomeric materials to increase
the melt viscosity of said resinous polymer wear layer.

The invention further provides a method of making
a resinous polymer sheet material having surface decorative
effects comprising laying down or forming a base layer or sub-
strate; applying a printing composition layer forming a
pattern or design on said base layer or substrate; applying
to said’ printing composition layer a resin;us polymer wear
layer having substantially uniformly therein reactive poly-
merizable and cross-linkable monomeric materials; including
in areas of said resiﬁous polymer sheet material a pol&meriza-
tion initiator capable of initiating a polymerization and
cross-linking reaction to polymerize and to cross-1link said
reactive polymerizable and cross-linkable monomeric materials;
and heating the surface of said resinous polymer wear layer
to cause said polymerization initiator to bring about a re-

action polymerizing and cross-linking said reactive polymer-
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izable and cross-linkable monomeric materials at the areas
of said polymerization initiator, whereby the melt viscosity

of said resinous polymer wear layer in said areas is in-

creased.

L4

It has been found that such heating toAa.suﬁficient-
ly elevated temperature, preferably accompanied by mechanical
embossing, for a sufficient period of time and the accompany-
ing éressure polymerizes and/or cross-links the reactive,
polymerizable monomeric materials and also increases the
melt viscosity of the wear layer but only in those areas
lying directly over the polymerization initiator or catalyst.

As a result, in such areas, the mechanically embossed, flat

dead or dull mat finish or texture is better capable of
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resisting and softening and the melting effects of the
elevated temperatures during any subséquent fusion and/or
blowing or foaming operations and therefore such areas re-
main substantially as they were originally mechanically
5 formed in such areas.
But, in those other areas where no polymerization

.and/or cross-linking of the reactive, polymerizable mono-
meric materials took plac: in the resinous wear layer and
wherein the melt viscosity thereof did not materially in-

10 crease, the mechanically eitbossed flat, dead or dull mat
finish or texture is not ca:able of resisting the softening
and melting effects of the ¢ levated temperatures during
any subsequent fusion and/or blowing or foaming opera-
tions and therefore softens znd melts Vsufficiently as

15 to flow together and form ¢ sleek, glossy or

¥
3
Pt
L
¥




LAt W

ST WY
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lustrous finish which contrasts sharply with the adjacent flat, de3d

or dull mat finish of the polymerized and/or cross-linked areas of

higher melt viscosities.

It is to be appreciated that the above simplified and abbreviated
illustrative method is merely one of several variations capable of
making the resinous polymer sheet materials of the present invention;
that it is merely illustrative of the broader aspects of the present
invention; and that some conventional and standard steps, such as,

for example, heating, gelling, cooling, drying, etc., have been

omitted for purposes of clarity and brevity.

In the following specification and accompanying self-explanatory
drawings, there are described and illustrated preferred and typiéal
embodiments of the prasent invention but it is to be appreciated that
the present invention is not to be construed as limited to such
preferred and typical embodiments as are specifically disclosed and
illustrated therein but to include other similar and eguivalent

embodiments, as are determined by the scope and the spirit of the

appended claims.

Referring to the accompanying self-explanatory drawings,

FIGURE 1 is a fragmentary, diagrammatic, elevational, cross-sectional
view of one embodiment of the present invention, showing the resinous

polymer composition in its initial form, prior to heating and blowing.

FIG. 2 is a fragmentary, diagrammatic, plan view of the resinous
polymer composition of Figure 1, but shown in its final form, after

heating and blowing;

NP
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FiG. 3 ig a fragmentary, diagrammatic, elevational, cross-
sectional view of the embodiment of Figure 1, also shown in
its final form after heating and blowing, the cross-section
being taken on the line 3--3 of Figure 2;

FIG. 4 is a fragmentary,.diagrammatic, elevational, cross-
se;tional view of another embodiment ¢f the present inven-
tion, showing the structure thereof, prior to heating and
fusion;

FIG. 4A is a fragmentary, diagrammatic, elevational, cross-
sectional view of the emboéiment of Figure 4, showing the
structure after}heating and fusion;

FI1G. 5 is a fragmentary, diagrammatic, elevationél, cross-
sectional view of still another embodiment of the present
invention, showing the structure thereof, prior to heating
and blowing;

FIG. 5A is a fragmentary, diagrammatic, elevational, cross-
sectional view of the embodiment of Figure 5, showing the
structure thereof, after heating and blowing and the subse-
qguent removal of release paper;

FiG. 6 is a fragmentary, diagrammatic, elevational, cross-
sectional view of a further embodiment of the present inven-

tion showing the structure thereof, prior to heating and

-

fusion;

FIG. 6A is a fragmentary, diagrammatic, elevational, cross-
sectional view of the embodiment of Figure 6, showing the
structure thereof, after heating and fusion}

FIG. 7 is a fragmenéary, diagrammatic, elevational, cross-
sectional view of a still further embodiment of the present

invention, showing the Btructure thereof, subsequent to heat-

ing and blowing;




~4- 0003965

FIG. 8 is a fragmentéry, diagrammatic, elevational, cross-sec-
tional view of still another embodiment of the present inven-
tion, showing the structure thereof, subsequent to heating and

fusion of the resins:

FIG; 9 1is a fragmentary, diagrammatic, elevational, cross—secf
tidhal view of still another embodiment of the present inven-
tion, showing the structure of the product, either prior to
heating and fusion of the resin, if a blowing or foaming agent
was included in the resinous polymer composition, or subsequent
to the heating and fusion of the resin, if no blowing or foam-
ing agent was included in the resinous polymer composition;
FIG. 10 is a fragmentary, diagrammatic, elevaiional, cross-sec-
tional view of the embodiment of Figure 9, subsequent to the
heatidg and fusion of the resin, plus blowing or foaming, when
a blowing or foaming agent was included in the resinous polymer
composition;

FIG. llsis a fragmentary, diagrammatic, elevational, cross-sec-
tional view of the embodiment of Figure 10, subsequent to the
heating and fusion of the resin, plus blowing or foaming, if a
blowing or foaming inhibitor was included in certain portions
or areas of the applied printing ink composition; and

FIG. 12 is a fragmentary, diagrammatic, elevational, cross-sec-
tional view of the still further embodiment of the present in-

vention, wherein the free radical polymerization initiator,

catalyst, or organic peroxide is contained in a separate layer

of the product.

These Figures have not been drawn precisely or accurately
to scale. Some portions and some dimensions therein
have been drawn to a slightly larger scale, whereas

certain other portions and dimensions  therein
9
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have been drawn to a slightly smaller scale. This has been
done merely to bring out more clearly some of the details of
the smaller portions and to accentuate some of the more im-
portant features and aspects of the present invention, such
as the thickness of the printing ink composi;ion layer which

has been drawn increased manyfold in the Figures.

FIGURES 1 - 3

»

The present invention will be generally described and illus-~
trated primarily with reference to Figures 1-3 which are
illustrative but not limitative of the scope of the broader
aspects of the inventive concept. In these Figures, there is
illustrated a resinous polymer sheet material 10 comprising a
base layer or substrate 11 of a relatively flat sheet backing
material 12 and a potentially foamable polymer composition 13
which, after mechanical embossing at an elevated temperature
and under pressure and after subsequent blowing and foaming

at ap even more elevated temperature, possesses a relatively
high, blown or foamed, uninhibited cellular resinous polymer
composition 14 and a relatively low, relatively unblown or un-
foamed, inhibited, relatively or substantially non-cellular
resinous polymer composition 16. The term "substantially non-
cellular" does not mean completely non-cellular but aoes
indicate that the cells therein, if any, are very much smalier
in size and very much fewer in number than the cells in the
so-called celiular portions 14. A printing ink composition 18,
in the form of a desired pattern or design usually containing

many different colors, is applied to the surface of the

10
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potentially foamable resinous polymer composition 13, prior to
the mechanical embossing at the elevated temperature and pres-
sure and the subsequent blowing and foaming at the even more

elevated temperature.

Thg pattern or desién of the printing ink composition 18
po;sesses certain predetermined areas or colors 20 which, in
this embodiment, contain a blowing modifiér, such as an in-
hibitor, and a free~radical polymerization initiator or cata-
lyst, such as an organic peroxide. However, other predeter~
mined areas or colors 21 do nQt contain any blowing modifier
or any free-radical polymerization initiator or any catalyst,
for purposes to become clearer from a furthér reading and an
understanding of this spécification. A resinous polymer com-
position in the form of a wear layer 22 is applied substan-
tially uniformly over the printing ink composition 18.

As noted especially in Figure 3, the blowing modifier or in-
hibito£ restricts the blowing or foaming of the potentially
foamable resainous polymer compoéition 13 in the areas A which,
correspond to and are in perfect registry with the areas 20.
At the same time, blowing or foaming and expansion of the
potentially foamable Fesinous_polymer composition 13 is not
restricted or deterred in the areas B which do not lie direct-
ly over the areas 20 containing the blowing modifier or in-
hibitor. Thus far, all this is conventional and generally
standard.

It is also to be noted that the free-radical polymerizétion
initiator or catalyst which is also present in areas 20
causes, for reasons which will be explained in greater detail
hereinafter, the surface areas of the wear layer 22

lying directly over the areas 20 to have an embossed flat,
dead or dull mat finish or texture, whereas the other
11
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areas B of the wear layer 22 not lying directly over the areas 20
and which do not contain any of the free-radical polymerization ini-
tiator Or catalyst have a sleek, glossy or lustrous finish. The two

types of finishes are in sharp contrast to each other.

It is.also to be realized that the areas 20 not only contain the
free-radical'polymerization initiator or catalyst, but also contain
the blow modifier or inhibitor, as well as a predetermined pigment or
color of the printing ink coﬁposition 18, in accordance with the
multicolor pattern or design. As a result, the embossed, flat, dead
or dull finish or texture in areas A are in complete and perfect
registry with the relatively low, unblown or unfoamed portions 16 of
the resinous polymer composition 13, as well as the predetermined
pigment or color of the pattern or design. And; ét the same time,

«

the smooth, élossy or lustrous finish in areas B are in complete and

perfect registry with the relatively high, blown or foamed portions
14 of the resinous polymer composition 13, as well as the other pre-

determined pigments or colors of the pattern or design.

More specific details‘of such constructions and their properties of
perfect registration'of embossing, and finishes or textures, and
blown or foamed areas, and their respective colorations, as well as
the methods and procedures for obtaining such constructions will be
described in greater detail hereinafter with reference to the

following preferred and typical embodiments of the present invention.

-\A-
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The base layer or substrate 11 may comprise a relatively flat,
fibrous backing sheet material 12 and/or a blown or unblown
resinous polymer composition having a chemically embossed or un-

o

embossed surface and/or other relatively flat sheet materials.

A relatively flat, backing web or sheet material 12 may be
used, if desired or required, as the base layer or substrate 11
for the resinous polymer sheet materials 10 of the present in-
ventive concept. Such a backing sheet material 12 may comprise
a feited or matted fibrous sheet of overlapping, intermingled
fibers and/or filaments; or a non-woven, knitted, woven or
otherwise textile fabricated construction; or a sheet of resin-
ous polymer composition; or paper or a paper pfoduct or similar
or like equivalent constructions and materials. A felted
fibrous sheet material comprising inorganic fibers, such as
asbestos; or organic fibers, such as cellulose, cotton, jute,
or rayon; or synthetic or man-made fibers énd/or filaments,
such as‘polyolefins, polyamides, aciylics, glass, etc., is the
most commonly employed backing sheet material but many others
are -equally suitable and are utilizable in special situations.
Such backing sheet materials are set forth in many prior art
patents. such as United States Patents 3,293,094; 3,293,108
and 3,660,187.

The thickness of such a relatiéely flat backing sheet material
12 will depend to a large extent upon the particular product
to be made and the particular subsequent use for which it is
intended. Normally, such thicknesses are in the range of from
about 10 mils to about 90 mils, but other thicknesses,
especially those greater than 90 mils, may be used in special

and particular circumstances.

13
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The relatively flat backing sheet material 12 may be used by itself
as the base layer or substrate, or it may be used in conjuncticn with
other sheet materials, such as, for example, a layer of potentiallys
foamable or nonfoamable resinous polymer composition. Orx the rela-
tivély flat,backing sheet material 12 may be omitted completely and
the foamable or nonfoamable resinous polymef composition may be used
by itself. Such resinous polymer compositicns may be made by well-
Xnown-standard and conventional methods and may contain one or more

synthetic resins, such as a polymer or ccpolymer of vinyl chloride,

or other resins, such as polyurethanes, as the main constituent

resin.

Other constituents of sucﬁ resinous polymer compositions include: a
blowing of foaming agent, such as azonicarbonamide, if a blowing

ox foaminé agent is desired; various acgelerator/stabilizers or
catalysts such as dibasic lead phthalate, zinc octoate, zing oxide,
lead octoate, dibasié lead phosphite, etc.; various light and/or
heat stabilizers, and metallic soaps; plasticizers as dioctyl
phthaiate, butyl benzyl phthalate, dibutyl sebacate, etc.; coloring
“agents and pigments as titanium dioxide; solvents and diluents as
methyl ethyl ketone, @ineral spirits etc.; fillers as clay and

limestone; and many other conventional and well-known additives

and improvement agents. i

Although a polymer or copolymer of vinyl chloride in the form of a
plastisol is the preferred and typical synthetic resin to be incor--
porated into the resinous polymer composition, many other resins

are as equally applicable, not only in plastisol form but also in
organosol, latex, or solvent form. The specific resin and its
particular form of use as théy are utilized kerein, do not relate

to the essence of the inventive concept and many cther suitable

resins are set forth in the United States Patents previously
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mentioned hereinbefore.

L

Also, although azonicarbonamide is indicated herein and particu-
larly in the Examples as the preferred and typical blowing or
fcaming agent to be included in the resinous polymer piastisol
ccmposition, when blowing or foaming is desired or required,

ma:} other similar or like equivalent blowing or foaming agents

ars also applicable within the principle of the present invention.
The specific blowing or foaming agent which is used does not relate
tc the essence of the present invention and many other suitable

amZ acceptable blowing or foaming agents are to be noted in the
PT=viously mentioned United States Patents. All that is required is
t==t the blowing or foaming agent has a sufficiently high decompo-
Si—ion temperature that it is not aﬁtivated or decomposed prematurely
dz:ring the earlier procedures of heating, gelling, and the mechani-

€z __ embossing to be described hereinafter.

Sc==cific blowing or foaming agents gnd their decomposition tem-
Per—atures at which they release gas vigorously include: azodicar-
bcmamide (390° g,) N; N'~-dimethyl~N, N'-dinitrosoterephthalamide
(::3°°F-); azobisisobutyfonitrile (240° F.); p,p'-oxy bs
(t==nzenesulfonylhydrazide) (320° F.) dinitrosopentamethylene-
te—sramine (80%) (3700 F);'p,p'-oxybis {benzenesulfonylsemicarbazide)
(+ 2250 F.); barium azodicarboxylate (above 4800 F) and many others.

Su=ch decomposition temperature values relate to the release of gas

vi.-gorously in dioctyl phthalate. -~
BAD ORIGINAL @
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In a similar way, many other accelerators, initiators, catalysts,
viscosity improvers, light and heat stabilizers, uv absorbers,
dyes, pigments, plasticizers, antioxidants, fillers, bacteriostats
and bacteriocides, and many other additives may be included in the
resinous polymer composition. The specific nature and the par-
ticular physical and chemical properties and characteristics of
the various constituents of the resinous polymer composition do not
relate t? the essence of the present inventi&erconcept and further
specific elaboration of such additives is believed unnecessary and
not required. All of these constituents are well known and con-~
ventional in the industry and many ére set forth in the previously

mentioned United States Patents.

«

The resinous polymer composition is alsoc preferably a dispersion
of a synthetic resin in a liquid medium. The dispersion medium

can be a plasticizer in the case of a plastisol, or water in the
case of an aqueous latex, or it can be an organic solvent in the
case of_an organosol. ' Excellent results are obtained with a dis-
persion of a synthetic resin in a plasticizer as a plastigol and

such form is the preferred and typical form for the application of

the present invention.’

A few preferred and typical plasticizers useful in forming such
Plastisols are dibutyl sebacate, dioétyl sebacate, dioctyl adipate,
didecyladipate, dioctyl azelate, dibutyl phthalate, dicapryl phthal-
ate, dioctyl phthalate, dibutoxy ethyl phthalate, tricresyl

phosphate, octyl dephenyl phosphate, dipropylene glycol dibenzoate,

b -
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butyl benzyl sebacate, dibenzyl sebacate, dibenzyl phthalate,

butyl benzyl phthalate.

It is to be appreciated that, although plastisols will be used to
further describe the present invention, such is not intended to
exclude the use of organosols or aquecus latices which are also

»

utilizable.
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THE POTENTIALLY FOAMABLE PLASTISOL COMPOSITION

A few preferred and typical potentially foamable plastisol

compositions are as follows:

Polyvinyl chloride,
dispersion grade, inh.
vistosity 1.0

P-6 .

50

P~-7

P -8

100

P-2

75

Polyvinyl chloride,
dispersion grade, inh.
viscosity 0.9

50

100

100

50

Polyvinyl chloride,
blending resin, inh.
viscosity 0.9

25

25

Alkyl benzyl phthalate

Polydodecyl benzene

12

Alkyl aryl modified
phthalate ester

55

Alkyl aryl hydrocarbon

10

Di(2-ethyl hexyl)-
phthalatey

60

57

7.09

Butyl benzyl phthalate

57

38

Epoxidized esterified.
tallate .

Mineral spirits (boil-
ing point range 300°F.-
425°F.)

Diphenyl decyl phosphite

Dibasic lead phosphite

1.11

1.0

1.11

Zinc oxide

Zinc octoate {(18% Zn)

Lead octoate (24% Pb)

Titanium dioxids

5.29

5.29

5.29

Azodicarbonamide

2.53

2.53

2.53

HiD{o {0 {818 |+

Anhydrous alumira
silicate

-

19}

(Parts by we:ght, based on 100 parts of resin, phr)

10
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P-10 P-11 P-12 p-13 P-14 P-1 P-3 P-15 p-4 p-1g
50 50 70
75 100 | 75 50 50 75 100 |75 |75
25 25 30 25 25 |25
16.8
E 12 12 12 13.3] 12 12 |13.s
8.0214.2 {3.27{ 2.91] 2.52{ 62.5 2.5316. 36
58 53 38 38 38 | 27.7) 38 38 |31.5
5 5 5.1
1.55}) 1.55| 1.55|1.55| 1.55 1.55}1.55 |1.55])1.55
3 1.0
0.83 0.86
1.0 0.95 [ 0.95
1.2 1.11 1.0 [1.0
2-2915.29(5.29 [5.29 [ 5.29| 3.64 | 5.29 5.29 [5.29|5.29
2:531 2-53] 2.53 2.5 [2.53 2.32( 2.53 | 2.53 2.53 {2.53
| 12.3

19
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The letters which have been positioned at the right hand side of
each portion of the preceding table are used merely to facilitate

the reading and the understanding of each portion of the table.

They have no other significance.

A1l the plastisol compositions set forth in the preceding table
are foamable resinous polymer compositions, inasmuch as azodi-
carbonamide is included in all- the formulations. Such a blowing
agent would be excluded if a non-foamable resinous polymer compo-

sition was desired or required.

If no backing sheet material such as a ﬁelted or matted fibrous
web is to be used, then the plastisol may be doctored by a
doctor blade, or roll coated, or poured, or cast, or ctherwise
applied to a strippable carrier which may be a steel belt, a
rubber belt, release paper, or asfelt or other fabric or material

having a release coating thereon and subseguently stripped there-

from. .

However, if a backing sheet material is to be used and is to

remain as a part of éhe final product, then the plastisol may be
doctored by a doctor blade, or roll coated, or poured, or cast,

or otherwise applied and adhered to the carrying sheet material

in a substantially uniform manner in a relatively uniform thin
coating by procedures well-known in the art. The thickness of

such a plastisol coating'as a foamable resinous polymer composition,
as applied and still wet, is in the range of from about 5 mils

to about 50 mils, or even more, if so desired or reguired.

20
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After the plastisol has been applied to the carrying backing
sheet material, it is then heated under relatively gentle or
moderate heat in an oven or other suitable heating device for
a period of time of from about 1 minute to about 4 minutes at

an elevated temperature of from about 240° F., to about 470°F.,

but more normal commercially from about 290° F., to about 350° F.,

whereby the plastisol firms and gels so that it can be more easily

handled and processed subsequently. The temperature and time

relationships are mutually interdependent and the higher the

temperature, the shorter is the required timé} and vice versa.
The elevated temperature, however, is not sufficiently high as
to activate or to decompose the particuiar blowing or foaming

agent which may be present as to cause blowing or foaming of the

resinous polymer composition.

The gelled, firm resinous polymer composition is then cooled
and is printed or coated with a suitable printing ink compo-
sition in the desired or required pattern or design which may
possess many colors. The particular pattern or design which

is used does not relate to the essence of the invention and any

suitable pattern or design may be selected.

The printing procedure is conventional and should require no
further description, inasmuch as such procedures are well known

in the industry and are described in many prior art patents.

21
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If it is desired that different levels of heights of the blowing
or foaming effects be obtained, then, predetermined parts or *
portions of the pattern or design printed on the surface of the
resinous polymer composition contain a blow modifier or inhibitor
in different amounts, concentrations, or types, and S0 forth,
depending upon the variety of differential blowing or foaming

effects desired. Such differential effects are well described in

the previously mentioned United States Patents and should need no

-

further explanation or description.

Naturally, if no differential effects are desired as a result of

the blowing or foaming procedure, then, no blow modifying agents

S or inhibitors are included in the printing ink composition and the

levels and the extent of the blowing or foaming action is generally
i uniform. Some typical and well known conventional printing ink
% compositions are noted ip the previously mentioned United States
ﬁ E Patents.

Additionally, there is included in certﬁin predetermined parts
or portions of the ;elected printed pattern or design a poly-
merization initiator or catalyst fof a purpose to be described
hereinafter more fully, with reference to certain reactive poly-

merizable monomers also to be described more fully hereinafter.

The concentration of the free-radical polymerization initiator
or catalyst in the printing ink composition will vary and will
range from about 1 percent by weight to about 35 or 40 percent
by weight, and preferably from about 1 percent to about 10 percent
by weight, based on the total weight of the printing ink coﬁpo~
cition. 3

-
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These free-radical polymerization initiators or catalysts, as
they are often referred to in the industry, are perhaps more

properly identified as organic peroxides, or per-compounds,

which materials are largely chemically characterized by the

pr?sence in their structure of the thermally unstable oxygen-
oxygen groﬁping (that is, ~0-0-, a peroxy group); Such a !
group decomposes, normally upon being heated to certain
elevated temperatures, to form free radicals to initiate the
polymerization reaction. The specific free-radical polymer-
izat}on initiator or catalyst which is selected for a parti- ’
cular polymerization or reaction depends upon the temperature
at which the specific reaction or polymerization takes place, !
upon the rate of decompoéition of the free-r;dical polymeriza-
tion initiator or organic peroxide, upon the rate of genera-
tion or ¥free radicals, upon the présence of metal ions or by
the solvents of di}uents in which the organic peroxides are
often Eupplied commercially, upon the percent peroxide and

the percent oxygen in the assay, upon the activation energy

(k cal per mole), etc.

From a further reading and understanding of this disclosure,
it will become apparent that dicumyl peroxide is the preferred
and typical organic peroxide or free-radical polymerization
initiator qQr catalyst, of use with the majority of polymer-
izable reactive monomers. Such preference is due basically

to the fact that dicumyl peroxide fits in very desirably with
respect to its one minute half-life temperature in relatioﬁ-
ship to the normal gelling iemperature of +the plasti-
sol wused, to the normal fusion temperature of

the resinous polymer compogition used, and to the normal

23
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decomposition temperature of the blowing or foaming agent used
(azodicarbonamide). However, it is to be understood that many
other organic peroxides or free-radical polymerization initiators
or catalysts are suitable and satisfactory for applying the .
principles of the present inventive concept. For example,
éi—butyi tin dilaurate would be a preferred and typical cross-
linking catai;st, if a different resinous polymer composition,
such as a polyurethane, is used. Other preferred and typical

organic peroxides and per-compounds include:

Di-t-butyl peroxide

-

2,5-dimethyl~-2,5~-bis (t-butylperoxy) hexane
2,5-dimethyl-2,5~bis (t-butylperoxy) hexyne—B
di-t-amyl peroxide

t-butyl-2-hydroxethyl peroxide
a,a'—bis(t-butylperoxy) diisopropyl benzene
benzqyl peroxide

diisobutyryl peroxide

2,4-dichlorobenzoyl peroxide

diisononanoyl peroxide

decanoyl peroxide

lauroyl peroxide

acetyl peroxide

succinic acid peroxide
bis-p-chlorobenzoyl peroxide

2 ,5-dihydroperoxy-2,5-dimethyl hexane
cumene hydroperoxide

t-butyl hydroperoxide

? T BRI S T o SR P

p-menthane hydroperoxide
diisopropylbenzene hydroperoxide
1,1,3,3-tetramethyl butyl hydroperoxide

ai(n~pr0pyl)peroxy dicarbonate
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diisopropyl peroxydicarbonate

di (sec-butyl) peroxydicarbonate

di (2-ethylhexyl) peroxydicarbonate

dicyclohexyl peroxydicarbonate

dicetyl peroxydicarbonate

bis (4-t~-butylcyclohexyl) peroxydicarbonate
t-butylperoxy isopropyl monocarbonate
2,2“—azobis(isobutyronitrile)
l,l—bis(t-butylparoxy)-3,3,5-§rimethyl cyclohexane
t-butyl peroxyacetate

t-butyl peroxyisobutyrate

t-butyl peroxy-2-ethylhexanoate

t-butyl peroxypivalate

t-butyl peroxyngodecanoate

t-butyl peroxymaleic acid

di-t-butyl diperdxyphthalate
2,5-dimethyl~2,5~bisg (benzoylperoxy) hexane
2,3-dimethyl-2,5-bis (octanoylperoxy) hexane
t-butyl peroctoate

t-butyl perbenzoate

acetyl cyclohexyl sulfonyl peroxide

acetyl sec-heptyl sulfonyl peroxidé
2-tjbutylazo—2-cyano-4-methoxy-4-methyl pentane
2~t-butylazo-2~cyano-4-methyl pentane
Z—t-butylazo-2—cy£nopropane

methyl ethyl ketone peroxide

2,4-pentanedione peroxide

cyclohexanone peroxide

It is to be noted that compounds covar sevaral classes of peroxides
- LS'
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and encompass a very wiae range, all of which, neverthe-
'less,imxsutilizable undexr selected conditions, with particular
reference to the plastaisol gelling temperature, the plastisol
and resinous polymer composition fusion temperatures, and the
blowing and foaming temperatures, which, with respect to the
preferred operating conditions of the present inventive con-
cept, are normally commercially in the range of about 300°F.,
350;F., and 395°F.,, respectively. For the specific purposes
of the present invention, a preferred range of peroxides is
noted as possessing one minuie hélf—livés of from about 272°F,
to about 376°F., with especially preferred commercial ranges

of one minute half-lives of from about 305° to about 345°F.

The preferred ranges of the one minute half-lives of from

about 272°F. to about 376°F., as will be discussed in greater

I

detail hereinafter will most easily permit satisfactory and
sufficient cross-linking of the reactive polymerizable monomer
in the &pper wear layer to occur after the plastisol gelling
operation and priﬁarily during the mechanical embossing
operation, or perhaps even during the early part of the blow-
ing and foaming operation. In this way, the mechanical em-
bossment takes place after the gelling operation and is

then retained throughout the blowing and foaming cycle in
those areas where cross-linking of the polymerizable reactive
monomer has taken place. If cross-linking of the reactive
polymerizable monomer were to take place too early in the
over-all procedure, such as before or during the initial

plastiscl gelling opération, then the desired mechanical
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embossment may become difficult 6r even impossible to obtain.
In the same way, if cross-linking of the polymerizable reactive
monomer were to take place too late, such as during the latter
part of the blowing or foaming operation, then, perhaps, it i

may be too late for certain embossed areas of the wear layer

L3 . . .
to retain their mechanical embossment.

L 3

The concentration of the remaining constituents of the print-
ing ink compositions thch includes resins, pigments and dyes,
solvents and diluents, blow modifiers and inhibitors, .plasti-
cizers, etc., are conventional and are within the ranges
noted in the prior art, such as the previously mentioned
United States Patents. With particular reference to the blow
modifiers or inhibitors, it is to be stated that, although
essentially all of the blow modifiers or inhibitors mentioned
in these United States Patents are utilizable within the
broader 'aspects of the present invention, three preferred and

typical examples of such are trimellitic anhydride, fumaric

acid, and benzotriazole.

27
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A few preferred and typical printing ink compositions are as

follows:

‘a Vinyl chloride-
vinyl acetate
copolymer 90/10 6.6 6.8 9.5 10.11{9.7 10.4

b | Methyl ethyl
{ ketone 37.41 38.2153.51 57.4 }154.71 58.6

o4 B AR e B T

c¢| Titanium dioxide
ink concentra-
: .| tion, 55% 25 25 2.8 3.0

0 Ay

at

d| Carbon black
vinyl ink 7.0 7.5 2.8 3.0

e] Trimellitic _
anhydride 30 20 25 25 25 25

f{ Fumaric acid
62.5% in di-
octyl phthalate

gl Benzotriazole

h| Dicumyl peroxide 1.0 10 5.0 5.0

i} t-butyl peroxy-
benzocate

j i t-butyl peroxy
octoate

ki di-t-butyl per-
oxyphthalate

i} 2,5-dimethyl~2,5~
di(t-butyl-pex-
oxy) hexane

mi{ 1,l-bis(t-butyl-
peroxy)-3,3, 5-
trimethyl cyclo-
hexane

n{ t-butyl peroxy
isopropyl
carbonate

ol di-t-butyl per-
oxide

p | Benzoyl peroxide . ?

q { t=butyl hydro-
peroxide

(Parts by weight) (or percent, if total of parts cquals 100)
28 |
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é-s P-6 P-7 P-8 p-9 p-19 p-13 P-12 P-13 pP-14 p-3is
aj12.5/12.5/7.1 9.5 5.8 [4.8 10 |10 [8.2 |10.3]10.5
b1 70.5170.5/40.1|53.5} 49 38.2156.6 56.6/46.7]58.1|59. 7
C
di 7.0 170 |5.3]7.0 l6.5 °-0 17.417.4 16.1 |7.6 |7.8
e 25 20
£ 40 40 32

20 18 19 |16
hl 1o 7.5 |10
i . 6.0
3
k 10 Jio 8.0
1
m
n 6.0 |7.0 {5.0
(o]
o] 1.0
q
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The printed, gelled potentially foamable plastisol is then allowed to
dry and a wear layer in the form of a resinous polymer composition or
plastisol is then applied thereto. Such a wear layer composition con-
'tains,conventional or standard constituents, such as resins (preferred
and tYpical being polyvinyl chloride, medium to low molecular weight),
plasticizers, stabilizers, pigments or dyes (on rare occasion), solvent
and diluents, viscosity improvement and controlling agents, and like
additives and materials. The concentrations 6f such constituents are

conventional and standard and are in the ranges set forth in the prev-

»

iously cited Unjted States Patents.

, Additionally, however, there is also included in the wear iayer
composition a further ingredient comprising one or more reactive

polymeriza®le monomeric materials, the polymerization and/or cross-

. B IR

Snme

linking of which can be initiated by the previously described poly-

o Am

merization initiators or organic peroxides. Such polymerization

initiators are advantageously located in certain predetermined portions

or colors of the pattern or design of the printing ink composition,
whereby cexrtain predetermined portiéns of the reactive polymerizable
monomers lving directly thereover are polymerized and/or cross-
linked, whireas certain other predetermined portions or colors of the
pattern or design of the printing ink composition which do not contain
any polymexrization initiator therein do not polymerize and/or cross-

link the r=active polymerizable monomers lying thereover.

The inheremt viscosities of the polyvinyl chloride resins used in

such wear layer compositions are in the ranga £ from about 0.6 to

-~ 21
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about 1.2 but, depending upon conditions and circumstances, may be ,
as high as about 1.6, as measured and determined by A.S.T.M. D-1243-66
prior to the initiation of the mechanical embossing procedure, which

will be more fully described hereinafter

The reactive polymerizable monomers are included substantially uni-
formly in the wear layer and are polyfunctional and contain at-least
two olefinically unsaturated sites in its molecule. Such monomers
must be capable of polymerization at desired elevated temperatures
usually higher than the plastisol gelling temperature but iower than
the blowing agent decomposition temperature. Such polymerization
takes place in all areas of the wear layeF which are lying directly
over the free-radical polymerization initiator or organic peroxide

located in certain selected portions or colors of the printing ink

composition.

Preferred and typical reactive polymerizable monomers include:

Diallyl fumarate

Diallyl maleate

Diallyl itaconate

Diallyl Phthalate

ﬁthylene glycol dimethacrylaté
Ethylene glycol diacryiate
Diethylene glycol dimethacrylate
Diethylene glycol diacrylate

Triethylene glycol dimethacrylate
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Triethylene glycol diacrylate
Tetraethylene glycol dimethacrylate
Tetra%;hylene glycol diacrylate
Polyethylene glycol dimethacrylate
Polyethylene glycol diacrylate
1.3-butylene glycol dimethacrylate
1.4-butylene glycol dimethacrylate
1,3-butylene glycol diacrylate
1,4~butylene glycol diacrylate
1,4-butanediol diacrylate

1, 6-hexanediol dimethacrylate

1, 6-hexanediol diacrylate

Allyl methacrylate

Allyl acrylate

Neopentyl élycol diacrylate .
Neopentyl glycol dimethacrylate
Bisphenol A dimethacrylate (ethoxylated)
Divinyl benzene

Divinyl toluene

Trimethylolpropane trimethacrylate
Trimethylolpropane triacrylate
Pentaerythritol triacrylate
Glyceryl trimethacrylate

Triallyl cyanurate
Pentaerythritol tetraacrylate

Pentaerythritol tetramethacrylate

l,4-Butanediol Dimethacrylate

33
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It is to be noted that such monomers are polyfunctional and include
difunctional, trifunctional and tetrafunctional monomers. However,
if desired, a certain amount of monofunctional monomers may be .

included in the wear layer in admixture with the polyfunctional

monomers. Such combinations often possess unique‘and very desirable

characteristics and properties.

When monofunctional monomers are included with the polyfunctional .
mondhers, they are present in amounts of from about 5% by weight

to about 50% by weight, based on the total weight of all monomers
in the resinous wear layer formulation. The total weight of all
monomers in the wear layer is in the range of from about 5 parts

by weight to about 40 parts by weight, based on 100 parts by weight
of resin (phr) in the wear layer formulation, or preferably from
about 15 parts by weight to about 35 parts by weight, based on

100 parts of resin (phr) in the resinous wear layer formulation.

The particular reactive polymerizable monomer or monomers which are

selected for a particular use must, of course, be compatible with or
dispersible in the resin representing the major constituent in the
resinous wear layer fprmulation. It is usually contained in a
copolymér, polymer or homopolymér of polyvinyl'chloride. That is,
the reactive polymerizable monomer must be miscible or dispersible

in substantially all proportions with the main resin and must be

capable of being easily and intimately dissolved or dispersed therein é
without separating into separate, distinct layers or portions, or
occupying separate, discrete portions or phases in the resinous wear

layer composition. And, of course, the reactive polymerizable monomer i

usq-
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must also be relatively inert at low temperatures and non-reactive

with respect to the other constituents of the resinous wear layer

compqsition. :

The thickness of such a resinous wear layer composition, as first
applied to the printed pattern or design and still wet, is in the
range of from about 2 mils to about 30 mils, or greater, if so

required by special circumstances, requirements, or conditions.

»

Preferred and typical formulations for the wear layer are noted in

the previously cited United States Patents, except that the reactive

polymerizable monomer or monomers are not included therein.

After the wear layer containing the reactive polymerizable monomers
has been applied and adhered to the printed paétern or design of the
printing ink composition, it is heated under moderately gentle heat

in an oven or other suitable heating device for a period of time of
from about 1 minute to about four minutes at an elevated temperature
of from about 240° F. to about 470° F., whereby it hardens or firms
and gels so that it can be easily handled in further operations.

The temperature and time are so interrelated as to be interdependent
and the higher the temperature,.the shorter is the time of application
of the heat, and vice versa. The elevated temperature, however, must
not be that high as to activate or decompose the blowing or foaming
ageht which is normally present. Also, the temperature and the time
must not be that greag as to bring about a polymerization of the

reactive polymerizable monomers in the wear layer.

-25 -
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As will become evident from a further reading and understandin§ of
this disclosure, it is normally contemplated that the polymerization
and oross-linking of the monomers in the wear iayer take place during
the embossing procedure which follows and which takes place under
about the same temperature as the preceding gelling procedure but
under additional pressure whereby the embossing of the surface of the
wear iayer and the polymerization of the reactive polymerizable

monomers take place in the same_operation.

As mentioned hereinbefore, such temperatures are, of course, below
the temperature at which the blowing or foaming agent in the plastisol

composition will be activated or decompose to release their gases in

a vigorous manner.

-

-2L- _
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A few preferred and typical wear layer compositions are as follows:

W-1l 1] W-2 | W=-3 “T
Polyvinyl chloride, low molecular weight,
dispef%ion grade, inherent viscosity 0.8 100 100 100 a
Di (2-ethylhexyl) phthalate 5.0 b
Tricresyl phosphate c
Epoxidized soya oil 2.7 | 2.7 } 2.7 d
Alkyl aryl modified phthalate ester e
Epoxidized tall oil ester £
2,2,4—t£imethyl—l,3-pentanedigl diisobutyrate 3.7 . 3.7 3.7 g
Butyl benzyl phthalate 15.5; 15.5 { 15.5 h
Polydodecyl benzene 4.6 (4.6 (4.6 i
Ba-Zn phosphjite stabilizer 6.6 | 6.6 6.6 3
Nonyl phenyl polyethylene glycol ether k ;
Ethyl-2-cyano-2, 3-diphenyl acrylate i. 1
Violet toner ‘ ; , m_
Pentaerythritol tetramethacrylate i ! n 2
Glyceryl trimethacrylate E ; o %
Pentaerythritol triacrylate ! § P |
Neopentyl glycol diacrylate % % q4%
Trimethylolpropane trimethacrylate 25 i E E_:
Polyethylene glycol dimethacrylate .20 i 5 __
Tetraethylene glycol dimethacrylate ) i27 L
Ethylene glycol dimethacrylate * u |
1,3~-butylene glycol dimethacrylate X_;
1,6~hexanediol dimethacrylate _ v
Triethylene glycol dimethacrylate | X
Ethaxylated bispheA;E-A é;ﬂégg;erylate % X_i
Diethylene glycol dimethacrylate z
(Parts by weight, based on 100 parts of resin, phr) E

Af -
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W~4 W-5 W-6 -7 w-8 W-13 W-14 W-9 W-10 W-12 W-15 w-11

100 1100 160 J160 | 100 [100 | 100 100 J100 J100 | 200 |100 |a
! 2.0 | 4.0 |8.0 5.0 |1.0 b
! N
i
% 2.742.7 12.7 2.7 12.7 12.7}2.3}2.712.7 {2.7])2.712.7 }{a
§ ) 21.1 e
; 2.7 £
i 3.7 3.7 §3.7 {3.7 3.7 8.0 | 3.2 }3.7 [3.7 |3.7]3.7 |3.7
: 15:5/15.5/15.5]15.5}15.5/8.0 15.5{15.5[15.5/ 15.5}15.5|n

4.6 | 4.6 4.6 {4.6 |4.6 4.6 |4.6 14.6 | 4.6 |a.6 |1

6.6 |6.6 |6.6 6.6 |6.6 }]6.6 | 6.6 |6.6 }{6.6 6.6 } 6.6 {6.6 {3

1.3 k

0.38 1

0.01 mi

25 n

20 P

25 q

25 ) Y

25 s

23

25

28

27 _ X

21 Yy

28 2

38
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In the following description of the mechanical embossing procedure.
emphasig will be placed on the obtaining of a flat, dead or dull

mat finish or texture which is roughened, corrugated, contoured,
knurled, lined, or the like. Such may be obtained by means of proper
pressure dies or similar tools, or by pressing the surface of the
wear layer against a roughened or desirabl& cofrugateé or contoured
surface, such as a fibrous paper" surface, an uneven or roughened
metallic surface, a fabric, or any coarse, grainy surface which is

not smooth, sleek, glossy or lustrous.

The depth of ;he mechanical embossing may be as_little as a fraction
of a mii or it may be as much as about 15 mils,'but preferably is
from about 1 mil to about 4 mils, depending upon the type, thickness,
and the nature of the wear layer being so embossed mechanic;lly, upon
the decorative effect which is desired or required, upon the type anc

the form of the mechanical embossing, and so forth.

At the conclusion of the mechanical embossing procedure, the entire
surface of the wear layer is embossed so as to give it temporarily
the desired flat, dead or dull mat finish or texture allover. Such

a finish or texture is substantially completely lacking in brilliance,
gloss, luster or sheen. The surface may be roughened, corrugated,
coarsé, lined or knurled in a regular or irregular, predetermined or
random fashion and may ﬁossess numerous very small knobs, projections,
ridges, points, or protuberances to give it the desired flat, dead

or dull mat appearance. The mechanical embossing may also take the

form of very many, Very fine lines which are straight and parallel

_.-%3_'
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are swirling curves, as many as abcut 60 or 89 or 2even 100 or more

" lines per inch, or it may be the result of pPressing paper, textured

materials or fabrics, woven, knitted or nenwoven against the surface

of the wear layer to create thereon the desired finish or texture.

_ -
The mechanical embossing to yield the desired flat, dead or dull
mat finish or texture or other finishes may take place under pres-
sures which may be as low as about 2 pounds per square inch gauge
up to about 300 pounds per square inch gauge, depending upon the

existing termperature which is in the range of from about 240° F.,

to about 470° F. 1If the pressure is applied in a press platen, the

Pressure may be maintained for~a period of time of from about 10
seconds to as much as about 4 minutes. If the pressure is applied
by means of a heated embossing roll, then the temperatures and the

Pressures will be in the higher portions of the aforementioned

-

ranges, whereas the time of the application of the pressure will be

correspondingly relatively short. However, the passing or the

wrapping of the resinous polymer sheet material afound a portion of

the periphery of the heated embossing roll can be used to extend

the duration of the application of heat. The pressures which are

exerted, however, must be sufficient as to establish a good intimate

contact between the heated embossing surface and the resinous poly-

meric materials being - embossed.’

The temperatures and the pressures which are realized during the

embossing procedure are normally sufficient to activate or decompose

the free-radical polymerization catalyst or organic peroxide in the

Predetermined portions of the Printing ink composition which will

bring about a polymerization or a cross-linking of the reactive

Polymerizable monomers lying over such predetermined ﬁortions. As

& result, such portions of the wear layer POssess an increased melt

Viscosity therein and a harder, more resistant surface which is

capable of resisting any softening or melting tendencies during tne
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subsequent heating involved in the blowing or foaming procedure.
In this yay, such portions are capable of retaining their flat,
dead or dull mat embossed surface finishes or textures through, the

higher heating during the blowing and foaming operations.

On the other hand, however, those predetermined portions of the

wear layer which lie over those portions of the printing ink compo-
sition which do not contain any free-radical polymerization initiator
or organic peroxide are not materially polymeriéed or cross-linked,
do not possess an increased melt viscosity and do not obtain a harder
dr more resistant surface and, consequently, when they are exposed to
the’greater heat of the blowing or foaming operation, they will not
be able to resist any softening or melting tendencies, which are
created and fhey will melt and soften and flow to fuse into ‘a glossy,
lustrous finish having a relatively high brilliance and sheen. Such
a glossy, lustrous surface is very smooth and wvery planar and very
reflective of any light incident thereon, as contrasted sharply to

the flat, dead or dull mat finish which is not smooth or sleek and

-1s not as reflective of any light incident thereon. The contrast

created by these two types of finishes or textures is striking.

The final resulting product, in one form thereof, greatly resembles
a ceramic tile flooring such as is commonly found in bathrooms, .both
as floor and as wall surfaces. The sleek, glossy or lustrous finish
greatly resembles the surface of a glazed or fired ceramic tile,
whereas the flat, dead or dull mat surface greatly resembles the

grout or cementitious materials which are placed tetween the glazed

ceramig tile.
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Such unusual and strongly contrasting finishes and textures are
broﬁght about during and as a result of the more elevated tempera-

- tures which prevail during the blowing and foaming operation.

[ 4

The multi-layered assembly comprising: the backing sheet material
and/or the potentially foamable ({or non-foamable) plastisol; the

printed pattern or design of the printing ink composition, portions

or colors of which contain modifigrs or inhibitors and free-radical

cers re s K. 3 1L T AT ) (Al

polymerization‘initiators or organic peroxides, other portions or

et -

colors of which do not contain modifiers or inhibitors or free-

radical polymerization initiators or organic peroxides; and the

[ A P

e

upper wear layer containing substantially uniformly therein the

reactive polymerizable monomers, after being mechanically embossed

sl Hb $4d

over its entire surface, is heated to a sufficiently elevated tem-
perature which is capable of fusing the resins in the resinous

polymer compositions and which is also capable of activating or
decomposing the blowing or foaming agents in the potentially foamable
plastisols to cause vigorous blowing or foaming therein. Further, the
surface of the wear layer is raised to the more highly elevated
tehperature whereby those areas tﬁereof, which do not possess the
higher melt viscosities or the polymerized or cross-linked monomers,
soften, melt and flow to form the sleek, glossy and lustrous

surfaces. And, naturally those other areas which possess the higher

melt viscosities and the polymerized or cross-~linked monomers, resist

i the higher temperatures and do not soften, melt or flow but retain
their flat, dead or dull mat surface finish or texture. The tem-
perature of the entire assembly must reach the fusion temperature of

the resins in order to obtain the desired maximum strength. Fusion

’L{L -
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is normally obtained at a temperature of frcm about 3259 F. to

about 470° F., depending upon the particular polymeric product

be ing used. Such temperature also must be sufficient as to activate
or decompose the particular blowing or foaming agent which is present
in the plastisol.~ It is again to be observed that blowing and foam-
ing temperatures, as well as fusion and gelling temperatures, are

ambient air temperatures and not temperatures of the product exposed .

to such ambient air temperature.

~

Reference to the drawings, and particularly to Figures 2 and 3
thereof will clarify the actions which take place during such blowing
and foaming procedures. The plastisol or the originally potentially
foamable resinous polymer composition initially contained a blowing

or a foaming agent therein, such as azodicarbonamide, which was

substantially uniformly distributed therein. However, those portions
of the printing ink composition 18 lying in zones A additionally
contained a blowing or foaming modifier, such as an inhibitor, and
hence those portions of the resinous polymer composition lying there-

under in zones A are relatively unblown or unfoamed due to the

inhibiting action of the blowing or foaming inhibitor. On the other
hand, those portions of the printing ink composition 18 lying in

zones B did not contain any blcwing or foaming modifier, such as an
inhibitor, and hence such portions of the resinous polymer composition
lying thereunder in zonaes B are relatively blown or foamed sub-

stantially completely. Such actions are well described in the

previously mentioned United States Patents.

Additionally, those portions of the printing ink composition 18 in
zones A also contained a free-radical polymerization initiator or

crganic peroxide which was activated or deccmpnsed during the
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embossing operation to polymerize and/or cross-link the reactive
polymerizable monomer in the wear layer 22 and to increase the melt
viscosities of such portions. As a result, such portions retained
their flat, dead or dull mat finish or texture.throughout the blowihg
or foaming operation. On the other hand, however, those portions

0f the printing ink composition 18 in zones B did nqt contain any
free~radical polymerization initiator or organic peroxide and there
was né polymerization or cross-linking of the polymerizable monomer
in the wear layer thereover and the me .% viscosities cf such portions
did not increase. As a result, such portions were not able to resist
the elevated temperatures of the blowi. g and foaming cycle, and they
melted, softened and flowed to form sl:ek, glossy and lustrous

surfaces in such zones B.

a

With further reference to the developmznt of the sleek, glossy, or
lustrous finish, as compared to the retvention of the flat, dead or
dull finish, the following numerical comparative gloss levels and
ranges should exist for the satisfactory application of the

principles of the present inventive concept.

{ The sleek, glossy or lustrous finish areas should have gloss levels in
the range of from about 15 to about 90, or even higher; the flat,

dead or dull mat finish areas should have gloss levels in the range

of from‘about 70 down to about 3, or even less; with the differences
in the gloss levels between the two contrasting finishes being in the
range of at least about 10 in gloss level ranges below 50 and at

least about 20 in gloss level ranges equal to or above 50. Such

numerical gloss level values are determined by the procedures set

forth in A.S.T.M. 523-67 (1972) at an angle of 60°.

—\*\\’l'
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It is also to be observéd that reference to sleek, glossy or lustrous
finishes, as compared to flat, dead or dull mat finisHhes, is merely o
a typigal or preferred embodiment of the present inventive concept.
These terms or phrases are comparative or reiétive terms or phrases

and are used merely or primarily to indicate differences in gloss

levels.

»

For example, the principles of the present inventive concept are
equally applicable to the obtaining of a sleek, glossy or lustrous
finish in some certain selected areas and the obtaining of eveﬁ more
sleek, glossy or lustrous finishes in certain other selected areas,
again keeping the differences in the gloss level‘values-greater than

ab out 20, inasmuch as the gloss levels involved in such embodiment

will be greater than about 50.

Such sleek and very sleek contrasts may be obtained by omitting the
mechanical embossing procedure with a roughened surface and by sub-
stituting therefor a platen-pressing or press-rolling operation

with a very smooth, highly polished surface, whereby the entire sur-
face of the resinous wear layer is given an extremely smooth, sleek,

shiny, glossy or lustrous finish.

High temperz+ures and pressures are subsequently similarly employed,
as previously described 1in connection with the blowing and foaming
step, whereky the polyfunctional reactive polymerizable and cross-
linkable momomers in the wear layer lying over the volymerization and

cross-linkimg initiators in the printing ink composition, having

been cross-Zinked during the heatediplaten—pressing or press-rolling

operation, effectively resist such heating and pressure and "freeze"

.-qs—
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those particular areas, whereby they are capable of retaining their

extremely sleek, shiny, glossy or lustrous finish throughout such

subsequent blowing or foaming operation. ’ .

[ 4

However, those other areas which contain the monomeric materials not
lying over any polymerization or cross-linking initiators or organic
peroxides still contain such monomeric materials in unpolymerized

and un—cross—linked state and hence, soften, melt and flow and thus
lose some of their extremely sleek, shiny, glossy or lustrous finish
but do develop or retain sufficient of their previous extremely sleek,
shiny, glossy or lustrous finish at least about»20 units in gloss
level, 1less than the gloss level of the extremelyrsleek, shiny,

glossy or lustrous finish.

Reference to Figures 1 through 3 of the drawings for comparative
purposes only would therefore indicate that the use of the alter-
native prdcedures described in the preceding few paragraphs would
have areas "B" as sleek, glossy or lustrous, whereas areas “"A"

would be even more sleek, glossy or lustrous.

In some cases, it has been found that the blowing or foaming action
of the potentially foamable plastisol is of such a strong and vigorous
nature that the gases which are developed or liberated by the blowing
‘or foaming agent tend to escape upwardly from the heated plastisol
and tend to enter the wear layer to undesirably affect the smoothness
and evenness of the wear layer surface and particularly those areas

thereof having a low melt viscosity, or substantially no polvmerized

~qé-;
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and/or cross-linked monomers therein, or sleek, glossy or

lustrous surfaces. Such could be ruinous to the smoothness

éf such surfaces and would be undesirable from an aesthetic
viewpoint. Additionally, such affects the strong cbntrast
between the sleek, glossy or lustrous surfaces and the em-
bossed, flat, dead or dull surfaces adjacent thereto.

fhis undesirable effect can be avoided by placing a relative-
ly thin barrier coat or layer having a thinness of only about
6 mils or less, down to about 1 or Z'mils, on top‘of the
potentially foamable plastisol before the printed pattern or
design is applied thereto, or alternatively such a barrier
coat is applied over the printed pattérn or design before the
application of the wear layer. Such a barrier coat or film
effectively prevents the gases from escaping upwardly from
the blowing or foaming plastisol and entering the wear layer.
The barrier layer is appiicable as-a film but is normally
applied as a plastisol resinous polymer composition in a thin
layer of a resin such as a vinyl chloride polymer or copolymer
having a relatively very high molecular weight. Gelling of
such a plastisol barrier layer naturally follows at an elevat-
ed temperature bglow the activation or decomposing temperature
of the blowing or foaming agent and the polymerization .
initiator or organic peroxide.

The thickness of the barrier coat or layer must not bhe that
great as to prevent the blow modifier or inhibiﬁgr from exert-
ing its blow modifying or inhibiting effects downwardly through
the barrier layer into the plastisol during the blowing opera-
tion or the polymerization initiator from exerting its effects
upwardly during the polymerization and/or cross-linking of the
reactive polymerizable monomers.

- 47 -
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Polyvinyl chloride, high,moleculaf weight,
dispersion grade, inherent viscosity 1.4
Polyvinyl chloride, high molecular weight,
blending resin, inherent viscosity 0.9
Dioctyl phthalate

Epoxidized soya oil

2,2,4-trimethyl-1, 3-pentanediol diisobutyrate
Butyl benzyl phthalate )

Polydodecyl benzene

Ba-2Zn phosphite stabilizer

UV absorber

Toner

BC-1

89

11

6.9

A few preferred and typical barrier coat formulations are as follows:

BC-2

90

10

3

0.32

0.01

(Parts by weight, based on 100 parts by weight of resin, phr)

Other additives and agents, such as, for example, ethoxylated

nonylphenol, a viscosity depressant, or other plasticizers and

stabilizers solvents or diluents, fillers, etc.,

THE MODIFICATION OF FIGURES 4 AND 4A

It has been previously.stated herein that the base layer or sub-
strate 11 may comprise simply a fibrous backing sheet material and
that other layers, such as non-foamable or potentially foamable

resinous polymer compositions or plastisols or other sheet materials

may be omitted. :
. _qg_

can be used.
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Such a modification is illustrated in Figures 4 and 4A which depict,
respectiVely, thé resinous polymer sheet material before and after -
the qupletion of the embossing and subsequent heating steps in its
manufacture. In these Figures, there is shown a resinous polymer
sheet material 30 comprising a relatively flat backing sheet material
32 of fibrous nature, such as an asbestos felt upon which is printed

-

a priniing ink composition 38 in the form of a desired pattern or

design in a plurality of colors, as usual. If necessary, a smcothing
or leveling resinous polymer coating, such as an acrylic coating,
may be applied to the asbestos felt 32,.if its surface is too uneve.:,
hairy, fibrous, or irregulaf before the printing of the printing

ink composition 38 thereon. No blow modifiers or inhibitors axe
included in' any portion or color of the printed pattern or des:i.u-.

- However, a free-radical polymerization initiator or organic pu:.zide
is includéd in the portions 40 of the printed pattern or design,
whereas no free-radical polymerization initiator or organic percxide
is included in the portion 41. A wear layer 42 is then appiiec to
the surface of the printed pattern or design in the usuai way =z=nd
contains therein polymerizable reactive monomérs substantialty
uniformly. The wear layer 42 is then embossed in overall ftashion
under sufficient pressure and at a sufficiently elevated temperature
for a sufficiently long period of time as to create on its surface
the desired finish or texture, such as a flat, dead or dull mat

finish or texture.

During such mechanical embossing, the reactive pc.,merizable
monomers in the wear layer 42 are polymerized ani,/cr cross-linked
and the melt viscosity is increased but only in thoce portions thereoZ

which lie directly over the free-radical polyvmerizaticn initiator

.-',‘—3..
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or organic peroxide in the printing ink composition. All other
areas which do not lie over any free~radical polymerization initiator
or orgénic peroxide do not have any polymerized and/or cross-linked
monomers in the weaf layer and the melt viscesity of such areas is

also substantially unchanged.

»

As a result, when the mechanically embossed sheet material is raised
to an eveﬁ more elevated temperature, somewhat similar to the éeq—
peratufeuwhich would exist under blowing or foaming conditions, the
polymérized and/or cross-linked portions of the wear layer which also
ha&e relatively higher melt Qiscosities, are able to resist the
softening and the melting effects of such heating and retain their
mechanical eﬁbossmeﬁt and rgmﬁin flat, dead or dull mat in'appearance.
However, the other areaé which have not been polymerized and/or
cross~-linked and do noé possess relatively higher melt wviscosities,

soften, melt and flow together to form a sleek, glossy and lustrous

appearance.

The relatively flat, dead or dull mat finish or texture is

designated in Figure 4A by the reference letter A and it is to be
noted that such areas are in complete and precise registry with the
areas 40 containing the free-radical polymerization initiator or
organic peroxide and with the particular color of the printed pattern
or design containing.such méterial. Also, the relatively sleek,
glossy or lustrous surfaces are designated by the reference letter B
and are over areas of the printing ink composition which do not
contain any free-radical polymerization initiator of organic peroxide

and thus in complete and precise registry with such areas which

st
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protuberances are noted in the surface of the wear layer 42 in the

zones A. These will be discussed in greater detail hereinafter. .

THE MODIFICATION OF FIGURES 5 AND 5A

It has also been stated herein that the base layer or the substrate
11l may comprise simply a resinous polymer composition and that other
layers, such as a relatively flat, fibrous sheet material, or other
sheet ﬁaterials may be omitted. Such a modification is shown in
Figures 5 and 5A which depict, respectively, the resinous polymer
sheet materials before and after the completion of the mechanical
embossing step and the blowing or foaming procedure. In these
Figures, there is shown a resinous polymer sheet material 50 com-~
prising a relatively flat and relatively thin sheet of release paper
55 of a conventional character as are commercially available. Upon
such release paper 55 is deposited or laid down a layer of a
potentially foamable resinous polymer composition 53 which contains

a conventional blowing or foaming agent such as azodicarbonamice.

The surface of the potentially foamable plastisol 53 is gelled and o
is then printed with a printing ink composition 58 which contains a

free-radical polymerization initiator or organic peroxide and a ;
particular pigment or color in areas 60, whereas other areas 61 do
not contain any free-radical polymerization initiator or organic E
peroxide but do contain a different pigment or coloring agent. No f

blow modifiers or inhibitors are included in any portion of the print—}

ing ink composition 58.

A wear layer 62 is then applied to the surface of the printing ink
composition 58 and contains substantially uniformly therein quan-

tities of a reactive polymerizable monomer. The wear layer is then
- Ki-
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embossed mechanically under sufficient pressure and at a sufficiently
elevated temperature and for a sufficiently long period of time as

to create thereon the desired flat, dead or dull mat finish or

texture in an overall pattern of embossment, during which time the °
reactive polymerizable monomer is normally polymerized and cross-

linked. .

A conventional blowing or foaming operation then follows at an

even more elevated temperature whereby the blowing or foaming agent
causes the expansion of the resinous polymer composition. Such ex~
pansion is well shown in Figure 5A. At the same time, the highly

polymerized or cross-linked monomers in the areas 60, which areas

also possess higher melt viscosities, resist the softening or -
melting effects of the heat during the blowiﬁg and foaming operation
and such areas 60 remain in a desired flat, dead or dull mat finish
or texture. However, the aréas 61 which do not lie over any portions

of the printing ink composition 58 which contain 'any free-radical

—

polymerization initiator or organic peroxide are not polymerized

ATR B 0 e SIS 0 ) B b s i RAR AR AL S %

or cross-linked and do not have higher melt viscosities and are

é unable to resist the softening or melting tendencies created dufing
: the heating of the blowingrand foaming cycle and hence such areas
melt and flow together to form a sleek, glossy or lustrous surface
which contrasts sharply with the flat, dead or dull mat finish or
texture of the areas 60. Areas A are again flat, dead or dull,

whereas areas B are sleek, glossy or lustrous.

Inasmuch as no blowiné or foaming modifiers or inhibitors were
present in the printing ink composition, the blowing or foaming is
uniform and no chemically embossed effects are realized on the

surface of the wear layer. Small protuberances are noted in the

-SZ_
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surface of the wear layer 62 in zones A. These will be discuséed‘

in greater detail hereinafter. The relatively flat and relatively
thin sheet of release paper is romoved from the bottom surface of

the resinous polymer composition subsequent to the blowing or foéming
cycle. However, if the resinous polymer composition, printing ink
composition, and wear layer possess sufficient strength as to

permit the handling thereof, or.if another carrier.is supélied

therefor, then the release péber may be removed prior to the blowing

and foaming operation.

Additionally, the resinous wear layer 62 may have incorporated
substantially uniformly therein a polymerization initiétor or
organic peroxide which is activatable or decomposable at an even
higher temperature than the decomposition or.activation temperature
of the pol&merization initiator or organio peroxide 1in the printing

ink composition 58.

Thus, after the polymerization and/or cross-linking of the reactive
polymerizable monomer in zones A is substantially complete, then,
the ambient air temperature may be increased to obtain the following
results. Zones A which contain polymerized and/or cross-linked
monomers and have higher melt viscosities retain their appearance
and their protuberances. Zones B develop their sleek, glossy or
lustrous appearance, as before. Thus far, only the polymerization
initiator in zones A have been activated and/or decomposed. The
polymerization initiator or organic peroxide in the wear layer has
not been activated or decomposed as yet because it possesses a
higher activation temperature. But, when the temperature is suf-

ficiently elevated as to bring about wlowing cor foaming, then the

-
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polymerization initiator or organic peroxide in the wear layer

is activated or decomposed, whereby all the reactive polymerizable

monomer in the wear layer, including the zones B, are polymerized

and/or cross-linked.

The result is that the surface of the wear layer 62 in zones A has ’
an embossed, flat, dead or dull textured finish, whereas the sur-

‘ face of the wear layer 62 in zones B has a sleek, glossy or lustrous

i finish but both zones A and B contain high concentrations of poly-

% merized and or cross-linked reac£;ve polymerizable monomers énd

both portions have relatively high melt viscosities..

- THE MODIFICATION OF FIGURES 6 AND 6A )

In Figures 6 and 63, £here is illustrated still another modification
of the principles of the present iqventive concept. There is shown
a conventional base layer or substrate comprising a relatively flat,
fibrous backing sheet material 72 such as an asbestos felt, upon

which is applied a printing ink composition 78 in the form of a

desired multi-colored pattern or dgsign wherein certain predetermined
portions or colors 80 contain a free-radical polymerization initiator
Oor organic peroxide and a partiéular pigment or colofing agent.

Other predetermined printed portions 81 of the printing'ink composition
78 on the surface of the fibrous backing sheet material 72 contain

no free-radical polymg;ization initiator or organic peroxide but do
contain a different pigment or coloring agent. Inasmuch as there

is no potentially foamable plastisol involved, there is no need for

a blowing or foaming modifier dr inhibitor in the printing ink

composition 78 or in any portion thereof.

,Sq-
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An upper weﬁt?layernségcomprising a resinous polymer composition
is then applied to the surface of the printing ink composition 78
and gontaigg sugstantially uniformly therein a reactive polymerizable
monomeric magerial. The wear layer 82 is then heated to a relétively
low temperature in order to gel and harden or firm its surface
and to éacilitate its subsequent handliﬁg and processing. No
mechanical embossing of any type takes place on the surface of the

wear layer 82, and in this respect it differs from the modification

previously discussed with reference to Figures 4 and 4A.

Upon the application of sufficient heat to elevate the temperature
of the resinous polymer material sufficiently to activate or decompose
the freé-rédical polymerization initiator or organic peroxide, ‘
polymérization and cross-linking of the reactive polymerizable
monomeric materials in the wear laye: takes place, along with a
corresponding increase in fhe melt viscosity of those areas 83 which
are positioned directly over the free-radical polymerization initi-
ator or organic peroxide in the printing ink composition 78. How-
ever, in the areas 81 which do not overlie any free-radical poly-,
merization or cross-linking of the reactive polymerizable monomeric
materials in the wear layer 82 and there is no concoﬁitant increase

in the melt viscosity in the areas 81.

Moreover, with respect to the areas 83 wherein there is polymerization
and/or cross~linking along with increased melt viscesity, thefe is
created an unusual and distinct embossed effect which causes the
surface of the wear layer 82 to be raised or elevated to a higher

level as much as about 5 mils or even nmore. Such ralised or elevated
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effect not noted to any degree whatsoever in the areas 81 and
the combined embossed effect of the raised portions in zones A .®
as contrasted to the normal portions in zones B is esthetically
exc€llent. Such raised or elevated protuberances which are also
noted in otﬁer embodiments of the invention, may be as small as
about 1 or 2 mils but are very noticeable. The precise reason

for such an unusual effect is not fully or completely understood

bu£ it is believed to be caused by the differences in polymerization
and/ér cross—linking and melt viscosities in the two zones. 1In

any event, even the smallest of the protuberances can be felt by

the finger and observed by the naked eye.

THE MODIFICATION OF FIGURE 7 .

In Figure 7, there is illustrated a still further modification

of the principles of the present inventive concept. There is shown
a resinous polymer sheet material 90 comprising a conventional,
relatively flat, fibrous sheet material 92 such as an asbestos felt.
Applied to the fibrous backing sheet material 92 is a iayer of a
resinous polymer composition 94 which is shown in the blown
condition due to the prior inclusion therein of a conventional
blowing or foaming agent, such.as azodicarbonamide, whiqh was
activated and decomposed by exposure to heat at a sufficiently

elevated temperature for a sufficient period of time.

’

A barrier coat or layer 95 is situated atop the blown cellular

resinous polymer composition 94 and serves to prevent any
of the gases developed and liberated during the blowing and
foaming operation from escaping. A printing ink composition

98 is applied to the surface of

— 1
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the barrier coat 95 in the form of a multi-colored pattern or design.
Portions of the printed pattern or design contained a free-radical
»

polymerization initiator or organic peroxide in areas 93, whereas

certain other areas did not contain any free-radical polymerization

initiator or organic peroxide.

No blow modifier or inhibitor is included in any portion of the
prinéing ink composition 98 and hence the blowing or foaming is
uniform and there is no chemical embossing of the top surface of

a wear layer 91 which is applied to the top of the printing ink
composition 98. The entire surface of the wear layer 91 was
previously embossed mechanically but such embossment has disappeared
from zones B and is evident only in zones A. Protuberances, as
discussed previously hereinbefore, are again noted in zones A

and can easily be felt by the finger and observed by the naked eye,

especially when multi-colored patterns or designs are used.

Such difference in appearance, of course, is caused by the fact that
the free-radical polymerization initiator or organic peroxide in
zones A caused a polymerization and/or cross-linking of the
reactive polymerizabie monomeric material in the wear layer 91,
along with an increase in the melt viscosity thereat, whereby the.
mechanical embossment in such zones survived the heating at the
elevated temperatures of the blowing and foaming cycle. However,
in zones B whereat there was no free-radical polymerization initi-
ator or organic peroxide in the printing ink composition 98, there
was correspondingly no polymerization and/or cross-linking of the

reactive polymerizable monomeric materials in the wear layer 91,

5.
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and there was no increase in the melt viscosity in such zones B. .
As a result, such areas were not able to resist the softening,
melting and flowing tendencies created by the elevated temperatures
during the blowing and foaming cycle. Such areas B. are no longer
embossed mechanically and they are no longer flat, dead or dull

mat finished or textured but have become sleek, glossy and

lustrous in appearance.

-

The net effect is somewhat similar to that achieved in the product
of Figures 1 - 3, with the major exception tﬁé£ the resinous polymer
composition in Figure 7 did not have its blowing or foaming action
modified or inhibited by the presence of any blow modifier or
inhibitor in the printing ink composition but was allowed to blow
and foam to expand evenly and uniformly. In Figures 1 - -3, the

blow modifier or inhibitor brought about the embossed effect of the

chemical embossing procedure.

THE MODIFICATION OF FIGURE 8

In Figure 8, there is illustrated another modification of the basic
principles of the present inventive concept. There is shown therein
a resinous polymer sheet material 100 comprising a conventional,
relatively flat, fibrous sheet material, such as an asbestos felt.
Applied to the fibrous backing sheet material 102 is a layer of a
resinous polymer composition 104 which is shown in an unblown or
unfoamed state inasmuch as there was no blowing or foaming dgent
originally included in the plastisol composition. In the absence

of blowing or foaming, the resinous polymer composition is non-
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No barrier coat is employed in such a modification and none
is needed inasmuch as there is no gas development or liberation
in the plastisol during the heated fusion cperation at the ele-
vated temperature. A printing ink composition 108 is applied
to the surface of the resinous polymer composition 104 in the
form of a multi-colored pattern or design. Portions of the
printing ink composition 108 contain a free-radical polymerization
initiator or organic peroxide, such as in areas 103, whereas other
portions of the printing ink éﬁmposition 108 do not contain any

free-radical polymerization initiator or organic peroxide, as

in areas 106.

Inasmuch és there is no blowing or foaming agent in the resinous
polymer composition, the final height of the resinous polymer
sheet material 100 is considerably less than that of Figure 7
which, as noted previously, did contain a blowing or foaming
agent, such as azodicarbonamide, in its resinous polymer compo-
sition 94. The mechanically embossed dead or dull, flat mat
texture of the areas 103 (zones A) still are retained, whereas the
areas 106 (zones B) have lost their flat, dead or dull mat texture

and have become sleek, glossy and lustrous as a result of the

heated fusion operation.

Such difference in appearance is caused by the fact that the
free-radical polymerization initiator or organic peroxide in
zones A caused a polymerization and/or cross-linking of the
reactive polymerizable monomeric material in the wear layer 101,
along with an increase in the melt viscosity thereat, whereby the

mechanical embossment in such zones A survived the heating at

oA
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the elevated temperatures of %he fusion cycle. However, in

zones B whereat there was no rfree-radical polymerization ini-

tiator or organic peroxide in the printing ink composition 108,
L4

*

there was correspondingly no polymerization and/or cross-linking
of the reactive”polymerizable monomeric materials in the wear
layer 101, and there wasrno increase in the melt viscosity

in such zones B. As a result, such areas 106 were not able to re-
sist the softening, melting and flowing tendencies created by

the elevated temperatures during the fusion of the resins. Such
areas B are no longer mechanically embossed and they are no

longer flat, dead or dull mat finished but have become sleek,

glossy and lustrous.

The net effect is somewhat generally similar to that achieved
in the product of Figure 7, with the major exception that the
product of Figure 7 is blown and foamed, whereas the product of
Figure 8 is not blown or foamed. The surface of the wear layer,
however, is very similar in both Figures 7 and 8, only the
chemical embossment is different. Raised or elevated protuber-

ances are again observed in zones A as before.

Thus far in this disclosure, the major emphasis has been placed
on incorporating fr?e—radical polymerization initiator and the
blowing modifier or inhibitor in the same printed portion of the
printed pattern or design of the printing ink composition, when
both are to be used in the ménufacture of the resinous polymer
sheet material product. This is not always necessarily so. If

. [ . 0 3 . . “
desired, a free-radical polymerization initiator may be

~bos -
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incorporated in one portion of the printed pattern or design
and a blowing modifier or inhibitor may be incorporated in

another portion of the print or design.

Preferred and typical printing ink compositions for such a

modification are as follows:

Parts

Solution grade copolymer of ;inyl chloride (90 parts)

and vinyl acetate (10 Parts) : 15
Methyl ethyl ketone 83
Dicumyl peroxide polymerization initiator. 2
Pigmgnt or coloring material, as desired or required

Solution grade copolymer of vinyl chloride (90 parts)

and vinyl acetate (10 parts) 14
Methyl ethyl ketone 66
Trimellitic anhydride inhibitor 20

Pigment or coloring material, as desired or required

One preferred and typical final product ultimately is obtained
and is structurally similar to the final product illustrated

in Figures 2 and 3 of the drawings. Thus, if the trimellitic
anhydride inhibitor is incorporated in zones A, the lower sur-
faces of the wear lqyer thereover as shown in Figures 2 and 3,
do not retain the mechanically embossment impresssd thereon and
are sleek, glossy or lustrous. And, if the dicumyl peroxide
polymerization initiator is incorporated in zones B, the higher

surfaces of the wear layer thereover, as shown in Figures 2 and

/
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3, retain the mechanical embossment impressed thereon and are
flat, dead or dull. Thus, the final product is visually differ-
»

ent from the final product which is obtained in Figures 2 and

3.

The structure of the product of this embcdiment wculd be
identical to the structure of the product illustrated in Figursas
2 aﬁd 3, except for the reversal of the sleek, glossy or lustrous
finish areas and the flat, de§d or dull texture areas. Again,
the porticns of the wear layer lying over the polvmerization
initiator are relatively highly polymerized and cross-linked and
have relatively high melt viscosities, whexeas the porticns of
the wear layer lying over the blowing modifier or inhibitor are
relatively. low in polymerizeé or cross-linked monomex and have

relatively low melt viscosities.

.

Such a reversal of surface visual efiects is not desirable in
simulated ceramic tile patterns or designs in most cases, wherein
it is normally desired that the higher lands be sleeﬁ, glossy
or lustrous and the lower mortar areas be flat, dead or dull,

but is desirable in other patterns or designs wherein a greater

diversification of visual effects is desired or required.

It is not essential that certain pfedetermined portions or colors
of the printed pattern or design contain desired or required
concentrations of the polymerization initiator or organic per-
oxide and that certain other predetermined portions or colors

of the printed pattern or design contain absolutely no concen-

trations of the polymerization initiator or organic peroxide.

———— - R R oo R R R . T - B ek T




TNTRRFTICHRRR DR T

[T O T

< ek

Foytedane Wit e

P o sk

ke

s 0003965
The polymerization initiator or organic peroxide may be con-
tained in several different portions or colors cf the printed
pattern or design in several different concentrations. With the
proper selection of desired varying concentrations several vary-
ing gradations of surface finishes or textures may be obtained.
Sharpness of individual contrast may be lessened to some

degree but a much greater variety of effects, finishes and

textures is thus available.

Such variations and gradations of surface finishes and textures
is also obtainable by the use of several different polymeriza-
tion initiators or'o;ganic peroxides having several different
levels or degrees of activity or several different temperatures
of activation or decomposition. Polymerization initiators or
organic peroxides which have greater activity tend to polymerize
the reactive polymerizable monomers to a greater degree énd to
increase the melt viscosity of the corresponding portions of

the wear layer to a greater extent, whereby greater resistance
is created to the melting, softening and flowing effects cduring
the blowing and foaming cycles. Thus, the placing of a high
activity polymerization initiator or organic peroxide in one
area oi the printed pﬁttern or design will tend to maintain the
embossed flat dead or dull maé finish applied during the emboss-
ing procedure, whereas the placing of a low activity polymerization
initiator or organic peroxide in a different area of the printed
pattern or design wi%l tend to permit the embossed flat dead or
dull finish or texture to partially disappear to yield a
different texture and/or gloss level or degree for the sleek,
glessy or lustrous finish. Thus multiple mat-and gloss and

multiple finish and texture levels are obtainable.

L s -
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In addition to tha use of.a plurality of polymerization initi-
ators or organic peroxides in a plurality of different portions
or colors of the printed pattern or design of the printing ink
comppsifion, an additional effect is obtainable by including an
additional polymerization initiator or organic peroxide having

a relatively high temperature of activation or decomposition

in the wear layer in a substantially uniform manner.

Thus, it can be arranged that the several different polymeriza-
tion initiators or organic peroxides may be activated or decomposed
at several different stages of the procedure whereby several
different finishes or textures may be obtainéa; Then, at a

much later stage, such as, for example, during the blowing and
foaming cycle, the high temperature polymerizatién initiator

or organic peroxide may then be activated to polymerize and/or
cross-link the reactive polymerizable monomers in the entire
resinous wear layer. Such would.tend to increase the melt
viscosities of all the different areas of the resinous wear

layer as an overall effect.

An alternative "upside~down" procedure for making the resinous
polymer sheet materials of the present invention is as follows:
a resinous wear layer, such as described previously herein, is
caét upon or otherwise formed oﬁ a suitably textured or emboscsed
surface, such as a coarsely téxtured, parchment-type release
paper, or other roughened, uneven, crinkled, rugose, or bumpy

surface, or any similar or like protuberant or irregular surface

'»-J

having release prcrertizs and characteristics given to it.

- bu-
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The resinous wear layer composition is sufficiently fluid as
to flow into and completely fill all the nocks and crannies,
recesses and niches of the textured or embossed surface and thus *

to assume. surface features and characteristics substantially

i

identical thereto. Such a surface, being so irregular, uneven,
pebbly or grainy that it does not reflect light regularly but
more or less scatters it, would present a flat, dead or dull

mat textured or embossed appearance to the eye, if the release

i
z
g_
3
3
|
i

surface were to be removed therefrom so that one could see the

-~

shaped surface of the resinous wear layer composition.

PR W A

A printing ink composition, or a plurality of such compositions,
such as described previously herein, is applied or otherwise
deposited on the surface of the cast resinous wear layer compo-
sition, after it has been gelled by conveantional and standard
procedures. A desired design or pattern is thus applied, and,
as described previously herein, certain predetermined areas of
the printed pattern or design contain polymerization initiator
or organic peroxide and, if desired, also a blowing or foéming
modifier or inhibitor, whereas other predetermined areas of the
printed pattern or aesign contain eitﬁer (1) no polymerization
initiator or organic peroxide at all, or (2) a different concen-
tration of the same polymerizétion initiator or organic peroxide,
or (3) a different polymerization initiator or organic peroxide
having a different level or degree of activity or a different
temperature of activation or decomposition. The printing ink

composition ,is then dried.

A resinous barrier coat, such as described nreviously herein, may

than ba annliad +n ~r otherwise derosited wn the dried printed

s &
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Heating the printing ink composition and polymerization initiator
or organic peroxide contained therein and the resinous wear lafer
to a sufficiently elevated temperature then takes place, where-
upon the polymerization and/or cross-linking of the reactive
polymerizable monomer in the resinous wear layer takes place in
selected predetermined portions thereof lying under the polymeri~
zation initiator or organic peroxide. No polymerization and/or
cross—-linking o? the reactive pdymerizable monomer, however,
ﬁakes élace in those portions of the resinous wear layer not
lying under any polymerization ;pitiator or organic peroxide.

And, at the same time, the polymerized and/or cross-linked portions
of the resinous wear layer develop increased higher melt viscosities.
Additionally, gelling of the resinous plastisols takes place

whereby further handling and furthef processing is made easier.

A base layer of substrate preferably comprising a relatively

s describked

D

; such

83}
=

flat, fibrous backing sheet of askestos £fiker

n

-

ymer

previously herein, and a potentially foamable rssinous 5o
composition, such as a polyvinyl chloride plastisol, also as
described previously herein is then laminated or otherwise
adhered to the surface of the barrier coat, preferably under
pressure and at elevated temperatures in a laminator, to form a

unitary, integral structure.

The strippable coarsely textured release surface upon which the
resinous wéar layer was originallv cast or formed is then removed
and reveals a suitabie textured or embossed surface on the
resinous wear layer, precisely corresponding to the textured or

embossed surface of the release material.

L
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Heating to an even more elevated temperature in a fusion or
blowing or foaming oven atmosphere brings about several actions. e
Those portions of the resinous wear layer which do not contain
any polymerized and/or cross~lin£ed reactive polymerizable
monomers and which do not possess relatively high melt viscosi-
ties soften and melt at such temperatures and fléw to form a
slegk, glossy or lustrous surface or finish, whereas those other
porticns of‘the resinous wear layer which do contain polymerized
and/or cross-linked reactive polymerizable monomers and which
possess relatively higher melt viscosities are able to resist the
softening and melting tendencies at such elevated temperatures
and do not flow but.maintain their original textured or

embossed flat, dead or dull surfaces.

At the same time, if a blowing or foaming agent, such as
azodicarbonamide, was contained in the potentially foamable
resinous polymer composition of the base laver or substrate,
then blowing or foaming thereof takes place. 2nd, if a blowing
rmodifier or inhibitor was also included in the printéd pattern
or design of the prihting ink com?osition, then the blowing

or foaming action will be correspondingly modified or innhibited.

The final product is, of course, substantially similar to the
final product obtained in the previously described methods but
possesses the procedural advantage that no separate mechanical

embossing step is required.

474
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In this alternative "upside-down" procgdure, it is noted that

the resinous barrier coat is applied to the dried printed pattern
or design of the printing ink composition, prior to the heating'
of the printing ink composition and the polymerization initiator .
therein and the resinous wear layer and the reactive polymerizable
monomex therein to bring about the polymerization and/or cross-
linking of phe reactive polymerizable monomer. This is merely

a preferred or typical method. The resinous barrier coat may

be omigtéd completely or, if desired, it may be applied or
otherwise adhered to the resinous wear layer prior to the
application of the printed pattern or design. The important
function to be realized is that the polymerizaticn initiator in
the printing ink cémposition be able to bring about the poly-
merization and/or cross-linking of the reactive polymerizable
monomer ;nd‘that the barrier coat is present, if needed, when
the potentially foamable resinous polymer composition is

subsequently blown or foamed and the generated gases are released.

A special note is deemed to be advisable with respect to the
citation of temperatures and temperature ranges.in this dis-
closure. ‘henever material is being heated by being passed
through a heated oven or other heating device, and the tem-
perature of such a heated oven is maintained at a desired
temperature, it is to be appreciated that the material does
not reach that témperature, particularly if it is in such a
heated environment for only a very short period of time. The
temperature of the material is usually some degrees less than
the temperature of the surrounding heated environment. -Such
a situation normally exists during a gelling operation of the
plastisol when the plastisol is passed through a heated environ-

~48.

ment containing heated air.
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On the other hand, whenever material is being pressed against
a heated surface, such as a heated platen or other pressing
device, and a very intimate contact is established between the
heating element and the material to be heated, then the
teﬁperature of the material being heated will approach sub-
stantially the temperature of the heating source. Such a
situation normaily exists during a mechanical embossing
operation wherein a heated platen or other embossed heated
surface is pressed in very intimate cbnﬁact with the material

which is to be mechanically embossed. This is especially true
if the heated platen or die is pressed against the surface of
the material being heated and embossed under applied pressure,

which in the present case may be in the range of up to 200

pounds per square inch. gauge.

THE MODIFICATIONS OF FIGURES 9~-12

Thus far, the emphasis of the present invention has been placed
on the concept of providing certain surface portions of the wear
layer with a flat, dead or dull mat finish, such as is created
by the mechanical embossing, and certain other surface portions
of the wear layer with another contrasting texture or effect,
such as a sleek, glossy, o:.lustrous finish, such as is created
in the heated fusion oven. In some cases, it may be desirable
that substantially the entire surface portion of the wear layer
retain the texture@ finish created by the mechanical embossing
operation. Such overall effect may be achieved by several
processes, such as illustrated in Figures 9 - 12 of the

drawings.

g
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In Figure 9, there is illustrated a resinous polymer sheet '
méterial 110 comprising a typical, relatively flat, backing web *
or sheet material 112, similar to the backing sheet material 12
described prey;ously. A relatively flat, substantially uniform
lay;r of a potentially foamable (or non-foamable) resinous poly-
mer composition 113, similar to previously described potentially

foamable (or non-foamable) resinous polymer composition layer

13, is formed on or is applied to the backing sheet material 112,

-

Such resinous polymer composition 113 is ﬁhen processed as
described previously herein, including, for example, a heating,
gelling and firming, and cooling operation, and is printed or
coated with a suitable printing ink composition 118 having a
desired pattern or design of various colors, such as 118a, lle,.

118¢c, 1184, and 118e.

Now, whereas in previous embodiments of the invention, some of
these printed colored portions or areas contained certain amounts
of polymerization initiators, catalysts, or organic vperoxices,
and other printed eoloréd portions or areas contained different
amounts or no polymerization initiators, catalysts, or organic
peroxides at all, all of the colors, portions or areas of the
printed pattern or design of Figure 9 contain like amounts and
equal concentrations of the same polymerization initiators, cat-

alysts, or organic peroxides.

If desired, such as when a blowing or foaming operation is em-
ployed subsequently a relatively thin barrier coat or layer 115,
such as the previously described barrier coat or layver, may be

placed over the potentially foamable resinous polymer composition

[}
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113, either before the printed pattern or design 118 is applied

theretq, or, as shown in Figure 9, after the printed pattern or
design is applied to the resinous polymer composition 113. The

purpose of such a barrier coat or layer has been described prev- =

iously herein.

A relatively uniform thin wear layer 122 containing one Or more
reactive polymerizable monomeric matérials, such as the previously
described wear layer 22, is then applied to the printed, gelled
and cooled potentially foamable resinous polymer composition 113.
Gelling and firming of the wear layer 122 take place, as described

previously, followed by an over-all mechanical embossing procedure

also as described previously.

Inasmuch as the entire surface of the waar laye: 122 lies over
some polymerization initiators, catalysts, or organic peroxides

in the printing ink composition 118, polymerization and cross-
linking of the reactine polymerizable monomeric materials takes
place substantially uniformly throughout the wear layer 122,

along with increased melt viscosities also being uniformly created

throughout the wear layer 122 during the mechanical embossing.

Heating and fusion, as well as blowing or foaming (if a

blowing or foaming agent was included originally in the resinous
polymer composition 113), take place as described previously.
The mechanical embossing of the surface of the wear layer 122 is

retained substantially uniformly throughout, even after such

,\7‘, .

operations.
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Figure 10 shows a relatively flat, resinous polymer sheet . -
material 120 comprising: a fibrous backing layer 112; a print-
ing ink composition 118 uniformly containing a polymerization
initiator, catalyst, or organic peroxide; a barrier coat or layer
115; and a wear layer 122, all substantially as described pre-
viously with particular reference to Figure 9. A resinous
polymer composition 123 is employed which contains a blowing or
foaminé agent. The previously described procedures of heating,
gelling and firming of the resinqus polvmer composition 123 and
of the wear layer 122, along with the subsequent overall mechani-
cal embossing of the surface of the gelled wear layer 122, and
the other previously described procedures take place, followed
by conventional heating and fusion, and blowing or foaming in

a fusion ;venf Figure 10 illustrates the blown resinous polymer
sheet material 123, subsequent to the heating, fusion and

blowing or foaming operations. The mechanical embossing on

the surface of the wear layer 122 is retained substantially

uniformly throughout.

Figure 11 shows a relatively flat, resinous polymer sheet material

130 comprising: a fibrous backing layer 112; a resinous polymer

composition 133 containing a blowing or foaming agent; a printing

ink composition 138 substantially uniformly containing equal con-
centrations and amounts of a free radical polymerization initi-
ator, catalyst, or organic peroxide in all'portions of areas
thereof, as well as a blowing or foaming modifier or inhibitor
which is contained only in certain selected portions or areas

thereof 138a of the printing ink composition layer 138; a

-\fz -
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relatively thin barrier coat or layer 1l15; and a resinous poly-
mer wear layer 122 which contains a reactive polymerizable

moncmeric material substantially uniformly therein.

A blowing or foaming agent has been uniformly included in the
resinous polymer composition 133 and it is heated and fused and
blown or foamed, as illustrated. However, due to the presence
of the'blowing or foaming modifier or inhibitor which is present
in ceréain selecﬁed portions or areas 138a of the printing ink
composition 138, the blowing or foaming operation oproceeds
selectively as is well known in the chemical embossing art, and

the finished embossed product is illustrated in Figure 1l1.

The intermediate operations of heating, gelling and firming of

.

the resinous polymer composition 133, the printing of the orint-

ing ink composition layer 138, the application and the gelling,
firming and cooling of the resinous polymer wear layer 122, ard
the heating, fusion, and blowing or foaming are standard and
conventional and have been described previously herein and
should require no further explanation or description. It is
noted that the mechanical embossing on the surface of the

wear layer 122 is retained substantially uniformly throughout.

In Figure 12, there is illustrated a resinous polymer sheet
material 140 comprising: a typical, relatively flat, backing
web or sheet material 112; a resinous polymer composition 143
wvhich is potentially foamable or non-foamable, as desired or
fequired; a substantially uniform resinous polymer coating such
as a clear printing ink composition 144 which contains sub-

=+antiallv nniformlv therein from about 1+ to about 35% or 40%
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by weight, and preferably from about 1% to about 10% by
weight, of a polymerization initiator, catalyst, or organic
peroxide; a printing ink composition 148 which does not contain

any polymerization initiator, catalyst, or organic peroxide;

' a'relativély thin barrier coat or layer 145, if a blowing or

foaming agent is included in the resinous polymer composition
layer 143; and a wear layer 142 containing substantially
uniformly therein one or more reactive polymerizable monomeric

materials.

The standard and conventional operations, such’as_tﬂose of
hedting, gelling and firming of the resinous volymer é;astisol
composition 143 and of the plastisol wear layer 142, as well
as the @echanical embossing of the gelled and cooled surface
of the wear layer 142, and the subsequent heating and fusion,
and blowing or f;aming of the resinous poiymer composition 143
(if a blowing or foaming agent is included therein) follow in

well~known fashion.

?igure 12 illustrates the resinous polymer sheet material 140,
either immediately p;ior to the heating and fusion, and blow-

ing or foaming operation (if a blowing or foaming agent is
present), or subsequent to the heating and fusion operations,

if no blowing or foaming agent was present. The mechanical
embos§ing on the entire surface of the wear layer 142 is retainedi

substantially uniformly throughout these operations of heating,

’

fusion, blowing or foaming.

)”q.
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If a blowing or foaming agent had been originally included in the
resinous polymer composition 143 of Figure 12, then such resinous
polymer compositiﬁn 143 would have become expanded and- distended
to generally resemble the blown or foamed resinous polymer

composition 123 illustrated in Figure 10.

In a similar way, if a blowing or foaming modifier or inhibitor
had been originally included in ceftain selecﬁed, predetermined
portioﬁs or areas of the printing ink composition 148 of Figure 12,
then such resinous polymer composition 148 (and all lavers there-

above) would have become expanded and distended to generally

resemble the blown and chemically embossed resinous polymer compo-

sition 133 of Figure 11.

Still another embodiment of the present invention leading to the
retention of the overall mechanical embossing on the sugface.of the
wear layer'througﬁ the heating and fusion, and bldving or foaming
operations is describablé without the need or the necessity for
still another Figure in the drawings. Such embodiment excludes

the presence of any polymerization initiator, catalyst, or orgaric
peroxide from the printing ink composition, as in Figures 9-11, and
also excludes the presence of any polymerization initiator,

catalyst, or organic peroxide existing in a separate layer, as in

Figure 12.

In this non-illustrated embodiment, the polymerization initiator,
catalyst, or organic peroxide is included directly and uniformly in
the wear laver containing the reactive polymerizable mcnomeric

materials, usually from about 0.5% by weight to @out 5% by weight

,Vg .
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and preferably from about 1% to about 2% by weight based on the

weight of the reactive pdlymerizable monomeric materials.

Alternatively, the polymerization initiator, catalyst, or orgénic
peroxidg may be included in the barrier coat 115 of Figure 9
from about 0.08% to about 0.8% by weight and preferably from
about 0.16% to about 0.32% by weight based on the total weight of

the barrier coat composition.

Activation and polymeriiation-énd cross~linking of such reactive
polymerizable monomeric materials takes place during the mechanical
embossing procedure, as usual. Retention of such mechanical em-
bossing effects is noted at the conclusion of the heating and

fusion, and blowing or foaming operations.

The present invention will be described further with particular
respect to the following specific examples, wherein there are
shown preferred and typical embodiments of the present invention.
Bowever, it is to be appreciated that such specific examples are
primarily illustrative of the general princivles of the present
invention and that the specific materials,.chemicals, patterns,
designs and other particular aspects should not be construed as
iimitative of the broader scope of the present inventive concept,
except as defined by the scope and the spirit of the attached

claims.




SN a0 ) b

o i it N b

sok Ry

ke LG

— - - EXANMFPLE T — TR e e

A resinous polymer sheet material such as illustrated in Figures

1-3 of the drawings is made by the following procedures:

L 4

The base layer or substrate comprises a relatively flat, 0.040
inch thick fibrous sheet of felted asbestos fibers with an acrylic
smooth leveling coating thereon. The asbestos felt fiber sheet is
coated substantially uniformly to a wet thickness of about 0.015
inch with the following potentially foamable resinous polymer
plastisol compositon:

Parts by

Polyvinyl chloride, medium mol. wt., general

pufpose dispersion resin, inh. viscosity 0.99 (ASTMD1243-66) 30.2
Polyvinyl chloride, medium mol. wt., dispersion grade

resin, inherent viséosity 1.0 ) 8.2

Polyvinyl chloride, medium mol. wt., blending resin,

inherent viscosity 0.9 17.1
Anhydrous alumina silicate filler 6.9
Butyl benzyl phthalate | 15.4
Alkyl benzyl phthalate, low b.p. plasticizer 9.3
Polydodecyl benzene . ‘ . 7.4
Azodicarbonamide . - 1.1
Accelerator/stabilizer | 0.4
Titanium dioxide 2.5
Dioctyl phthalate ’ 1.5
Wetting agent 0.0

Gelling and firming of the potentially foamable plastiscl is
accomplished in an oven at an elevated temperature of about aco® T.,

for about three minutes. The temperature is not sufficiently

-’
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The gelled potentially foamable plastisol is then printed with a

ceramic brick pattern or design as shown in Figures 2 and 3 of
the drawings. 2Zones B are printed with a standard or conventional
printing ink compositicn containing a predetermined pigment but

which does not contain any blow modifier or inhibitor or any free-

radical polymerization initiator or orgénic peroxide. Such a

staqdard_or conventional printing ink composition comprises:
Parts

Solution grade copolymer of vinyl chloride (90 parts) and

vinyl acetate (10 parts) _ 15

Methyl ethyl ketone o 85

Pigment or coloring agent, as desired or reqguired

Zones A, howeyer, are printed with the following printing ink

composition containing a different pigment or coloring agent:

a

Parts

Solution grade copolymer of vinyl chloride (90 varts) and 12

vinyl acetate (10 Parts)

Methyl ethyl ketone ) 66
Dicumyl peroxide i : 2
Trimellitic anhydride 20

Pigment or coloring agent, as desired or reqguired

The printed, gelled potehtially foamable plastisol is then allowed
to dry and a wear layer is applied thereto to a wet thickness of

about 0.015 inch and having the following formulation:

»

Parts
Polyvinyi chlofide, dispersion grade, inherent viscosity
0.8 : 100
'Trimethylolpropane trimethacrvlats (20 ppm hydrocuainone) 25

4o

oSe k‘m& 20 A,C_C. &r‘ko na mn.c.’.e.
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. Parts
Butyl benzyl phthalate plasticizer . 13.8
2,4,4-trimethyl pentyl-3,5~-diisobutyrate 3.3
Alkyl benzyl phthalate low boiling point plasticizer 4.1 -
Ba—Zn pﬁosphite heat stabilizer | 6.4
Epoxidized tall oil 2.4

Gelling and firming of the wear layer plastisol is accomplished
by heating in an oven atmosphere having an elevated temperature of

just under 300° F., for a periocd of time of about 3 minutes,

~

The gelled wear layer is then mechanically embossed with a fine
overall pattern of a parchment paper-like texture in a Watson-
Stillman Press for about 2 minutes under a pressure of about 140 psig
and at an elevated temperature created in the wear layer of just
over 300° F. The heated embossing takes place, along with the
polymerization and/or cross-linking of the trimethylolpropane

~

trimethacrylate in the wear layer but conly in those portions thereof
lying directly over the dicumyl peroxide, whereas there is sub-
stantially no polymerization and/oxr cross-linking to any signifi-
cant or substantial degree in those other areas of the wear layer
not lying directly over the dicumyl peroxide. Additionally, the
melt viscosity of the wear layer portions lying over the dicumyl

peroxide is materially increased, whereas the melt viscosity of

the wear layer portions not lying over the dicumyl peroxide is

substantially unchanged.

The mechanically embossed material is then heated in a fusion oven
maintained at an elevated temperature of about 395° F., for about

2-3/4 minutes. Fusion of the resins takes oblace, along with the

2l
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blowing and foaming of the potentially foamable plastisol in those

areas not lying directly under the trimellitic anhydride inhibitor

in the printing ink composition. There is very little blowing or -

foaming in the areas lying directly under the trimellitic anhydride.

The chemical embossing differential effect is excellent.

In addition, the elevated portions or lands of the wear iayer, as
seen in Figure 3 of the drawings, develop a sleek, glossy or
lustrous finish or texture, with high brillian&e and sheen, whereas
the lower or depressed portions or mortars retain the flat, dead
or dull mat finish created therein by the mechanical embossing in
the Watson-Stillman Press. The appearance of fhe material, after
the blowing or foaming cycle is very much like that of a glossy,
glazed ceram%c tile of high sheen, surrounded by a flat, dead or

dull mat finish giving the appearance of grout or other cementitious

material between the ceramic tiles.

The different colors of the printed pattern or design of the
printing ink compcsition are in complete and perfecf registry with
(1) the.above—described mechanical embossing effects of the con-
trasting ‘sleek, glossy.or lustrous areas and the flat, dead or dull
areas, as well as (2) tﬁe abové-described chemical embossing etffect

of higher and lower areas on the.surface of the wear layer.

Testing by means of solubility in tetrahyvdrofuran establishes that’
the trimethylolpropane trimethacrylate is not polymerized or cross-
linked prior to the mechanical embossing; that it ig polymerized
and cross-linked during the mechanical embossing; and that it is

still polymerized and cross-linked after the blowing and foaming

-B6-
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cycle is éomplete but only in those areas bf the wear layer lying
directly ovexr:the dicumyl peroxide present in the printing ink
composition; whereas all other areas of the wear layer not lying
directly.owver the dicumyl peroxide, there is substantially no

polymerization or cross-~linking of the trimethylolpropane trimetha-
crylate. .

With' further reference to the melt viscosity determinations for

tﬁe'relatively highly polymerized and cross-linked portions and the

relatively .lowly polymerized and un-cross-linked portions of the
reginous wear layer, it has been established that the following
melt viscosity ranges are suitable for the application of the

principles of the present inventive concept.

v

. Using the conditions set forth in Example I for the Brabender
determinations, the torque readings for the highly cross-linked

portions of the wear layer should be in the range of £rom about

P

1000 to-about 4000 meter-grams and the torqgue readings for the
xelatively un-c¢ross-linked portions should be in the range of from
about 300 to.about 900, with differences in the torgue readings

for the two contrasting portions in the same product keing at least

about 250 metertgrams.

It is to be appreciated that the references in the preceding para-
graph and elsewhere in this éisclosure to cross-linked polymeric
materials refers solely to the polymerization and cross-linking of
the pcly-functionai reactive polymerizable monoﬁeric materials,
such as the trimethylolpropane trimethacryvlate, for example, in the

resinous wear laver, which, of course, is cross-linked and thermcset.

By -
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It is also to be appreciated that the main resin in the wear layer,
the polyvinyl chloride, for example, is substantially uniformly and
homogeneously distributed therein and is in a fused and polymerizedq
state. However, it is not cross-linked and is still in a thermo-
plasti; state, as compared to the cross-linked and thermoset
polyfunctional poi;meric maferials in those portions of the wear

layer lying over the polymerization or cross-linking initiator or

organic peroxide.

It is also to be observed that there is compleie ancd perfect registry
between: the flat, dead or dull textured portions of the wear layer;
their corresponding colored portion of the pattern or design of the
printing ink composition; and the relatively unblown or unfoamed
portions gf the resinous polymer composition 16. At the same time,
there is Cpmplete and perfect registry befween: the sleek, glossy

or lustrous finish surfaces; their corresponding colored portions

of the pattern or design of the printing ink composition; and the

blown and foamed portions of the resinous polymer composition.

With respect to the determination of the melt viscosities of the
various portions of the .resinous wear layer, such is a relatively
more complicated procedure. Resort to the C. W. Brabender Plasto-

graph, or "Plasticorder"”, as described in Paint and Varnish

Production, July, 1965, however, makes sugh determinations rela-

tively simple and very accurate. Additional information on such

probedurés is also to be found on pages 23 throuch 32 of the Journal

of Cellular Plastics, January/February, 1971.

Q.-
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Brabender determinations are run on samples of the highly poly-
merized portions of the resinous wear layer and on the relatively
unpolymerized portions of the resinous wear layer at 150° C.,

at a shear rate of 30 revolutions per minute for fifteen minutes
at wgich time the 53-gram samples are at equilibrium. A type 6
roller mixer measuring head is used to determine the melt rheology
of tke wear layer plastisols. The highly polymerized portions

of the resinous wear layer yield torque readings of 2510 meter

grams, whereas the relatively unpolymerized portions yield read-

ings of only 650 meter grams.

EXAMPLE IZI

A resinous polymer sheet material such as i3 illustrated in Figure

7 of the drawings is made as follows:

The procedures described in Example I are followed substantially
as set forth therein with the exception that the trimellitic
anhydride is omitted freom the printing ink composition which com-

prises the following ingredients:

Parts
Solution gradé copolymer of vinyl chloride (90 parts) and 15

vinyl acetate (10 parts) |

Methyl ethyl ketone | 83

Dicumyl peroxide 2

Trimellitic anhydride ° 0

Pigment or coloring agent, as desired or required

-
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The results obtained in this Example are'generally comparable to
the results obtained in Example I, with the exception that the
resinous polymer sheet material of this Example is not chemically
embosseé and the blowing or foaming operation is substantially
unifé&m in iﬁ; effect whereby the surfaces of the wear layer are
substantially level and of the same height. fhe flat, dead or
dull embossed mat finish and the sleek, glossy or lustrous finish
lie substantially in the same level plane. With respect té the
cohcentration of polymerized or cross-linked trimethylolpropéne
trimethacrylate; it is relatively high iq those areas lving over
the dicumyl peroxide and relatively low in tho;e areas not lying
directly over the dicumyl peroxide. The melt viscosities are
again relatively higher and lower, as indicated in Example I.
Bumps as shown in the drawings are discernible and felt by the
"finger~-test". Barrier coat 3C~1l is used in order to ihsure

that no éases developed during the blowing or Zoaming escape: up

into the wear layer.

EXAMPLE IIT

A resinous polymer sheet material such as is illustrated in

Figure 8 of the drawings is made as follows:

The procedures described in Example II are Zollowed substantially
as set forth therein with the exception that, in addition to the
omission of the trimellitic anhydride blow modifier or inhibitor
from the printing ink composition, the azodicarbonamide blowing

or foaming agent is omitted from the plastisol formulation.

-@q.
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The results obtained in this Example are generally comparable to

the results obtained in Example II, with the exception that the
resinous polymer composition or plastisol is not chemically blown -
or fpamed at all and the result is a more dense, non—celluiar
polymer sheet material in which the fused resins are heavier and

are not too much unlike that portion of the fused resins illustrated
‘in Figufe 3 of the drawings, lying under the portions of the
printing ink composition containing the blow modifier or inhibitor.

- Such portions are identified in Rigure 1 by the reference letter A.

In the product of Figure 8, substantially all portions of the

fused plastisol are similar.

Again, the flat, dead or dull mat texture of zones A is retained
after the mechanical embossment and through the fusion heating at
elevatéd temperatures. However, such texture in zones B is lost
during the fusion heating at the elevated temperatures and the
final appearance of such zones B is sleek, glossy and lustrous.
Elevated or raised bumps shown in the drawings are detectible and
felt by the "finger—test". Inasmuch as ro blowing or foaming is

involved in this Example, no barrier coat is employed.

EXAMPLE IV

The procedures described in Example I are followed substantially
as described therein, with the exceotion that the proportions of
the constituents of the printing ink composition which contained
both the free-radical polymerization or organic peroxide and the

blow modifier or inhibitor are changed as follows:

fs -
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Parts
Pigmented reducing clear (solution grade copolymer of
90 parts vinyl chloride and 10 parts vinyl acetate in methyl
ethyl ketone, plus pigment) 79
Trimellitic anhydride chemical inhibitor 20
40% dicumyl peroxide (active), supported on precipitated

calcium carbonate 10

The results of this Example are generally comparable to

the results of Example I.

Again, it is determined that the polyfunctional reactive poly-

. merizable monomeric material, namely, the trimethylolpropane

trimethacrylate, is polymerized and is cross-linked solely in
those areas of the wear layer lying directly_bver the poly-
merizati;n initiator, namely, the dicumyl peroxide. 1In those
other pcrtions of the wear layer not lying directly over the
dicumyl peroxide, the trimethylolprovane trimethacrylate is sub-

stantially unpolymerized and is not cross-linked.

EXAMPLE V

‘ .
The procedures generally described in Example I are followed

substantially as set forth therein with certain variations as
follows: - the P-1 potentially foamable plastisol composition is
used; the wet thickness is about 18.7 mils; gelling takes place
in a heated air atmosphere at about 300° F., for 3 minutes;.

a BC-1 barrier coat is used and has a thickness of about 3 mils;

it is gelled in a heated air atmosphere at about 300° F., for

A -
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about 3 minutes; the printing ink compoéition is P~1 and con-

tains dicumyl peroxide and trimellitic anhydride as the polymeri-
zation initiator or organic peroxide and the blow modifier or
inhibitor respectively; the non-active printing ink composition N
contains no polymerization initiator or organic peroxide or any
equivalent material, the resinous wear laver is a W-1 composiéion
and contains trimethylolpropane trimethacrylate as the reactive
polymerizable monomer; it is about 12 mils thick and is gelled in
a heated air atmosphére at about 300° F., for about 3 minutes:
mechanical embossing takes place at about 305° F., under an ap-
plied pressure of 110 psig for 3 minutes against a coarseiy
textured parchment type release paper; blowing and foaming take’
place in a heated fusion oven at an elevated temperature of about

395° F., for abcit 2 minutes and forty seconds.

The results obtained in this Example are generallvw ccmparable to
the resuits obtained in Example I. The relatively low, relatively
unblown mortar areas have embossed, flat, dead or céull £finishes

or textures, whereas the relatively elevated, relatively blown
land areas possess a sleek, glossy or lustrous surface. The mor-
tar areas have a relatively high concentration . of polymerized
cross-linked monomer and have a high melt viscositv. The land
areas have practically no concentrations of polymerized cross-
linked monomexr and have a relatively low melt viscosity. The

product is commercially acceptable as a resilient £loor covering.

'&f'



EXAMPLES VI - XVI

The procedures set forth in Example V are followed substantially
' as described therein with the exception that the P-1 printing
i ink composition'used therein is replaced by printing ink compo-

sitions P-7 through P-17, as described previously herein, as

eleven additional Examples:

The results of these Examples are generally comparable to the

results obtained in Example V. The relative differences between

i AT, s 4o st SAmoat W AN AT OIS S
"

(1) the flat, dead or dull mat textured finishes and the sleek,
glosgy or lustrous areas and (2) the degree of polymerization and/
: ox cross-linking of the reactive polymerizable monomer in these

areas and (3) the degree of increase in the melt viscosity of the

polymerized and cross-linked areas is significant and notable.

EXAMPLES XVII - ¥XI

The procedures described in Example V are followed substantially
as described therein with the exception that the dicumyl peroxide

polymerization initiator in the printing ink composition is replaced

by:

Example XVII t-butyl peroxyacetate

Example XVIII 2,5-dimethyl-2,5~bis (benzoylpercxy) hexane

Example XIX t-butyl peroxyneodecancate

Example XX t-butyl peroxy maleic acid

Example XXI 2,5~dimethyl-2,5~-bis(2-ethylhexylreroxy)hexane

| The results of these Examples are generally comparable to the

]

estits obtained in Exampla V.

98-
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EXAMPLES XXII - XXV

The procedures set forth in Example V are followed substantially

as described therein with the following exceptions, with respect -

J .
to the printing ink compositions used therein, wherein printing

ink compositions identified as P-2 through P-5 in the pertinent

table are used:

Example XXII (P-2) contains trimellitic anhydride but no dicumyl

peroxide or any other polymerization initiator or organic peroxide.

o s Dsiitrcn st i i wr i aaill ok dud

This yields a product structurally shown in Figures 2 and 3 of the
drawings but without anv embossed, flat, dead or dull textured

areas, and with no portions having increased melt viscosities.

Example XXITI (P-3) contains trimellitic anhydride and dicunmyl

peroxide. This yields a product generally ccmparable to the

product obtained in Example V. It possesses embossed, flat, dead
3 or dull textured areas andé sleek, glossy or lustrous finish areas
1 and differentials in melt viscosities. It is commercially

acceptable as a resilient floor covering.

Example XXIV (P-4) contains trimellitic anhydride but no dicumyl
peroxide or any other pblymerization initiator or organic peroxide.
This yields a product structurally shown in Figures 2 and 3 of

the drawings but without any embossed, flat, dead or dull tex-

tured areas and with no portions having increased melt viscosities.

Example XXV (P-5) contains dicumyl peroxide but no trimellitic

anhydride or any other blow modifier or inhibitor. This vields

- Bg,
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a product structurally similar to that shown in Figure 7 of the
drawings. There are embossed, flat, dead or dull textured

’ -
areas, as well as sleek, glossy or lustrous finish areas, and
differentials in melt viscosities, but there is no chemical

embdssment in the surface of the wear layer, other than the

small elevated or raised bumps shown in Figure 7.

EXAMPLES XXVI - XXXI

~

The procedures described in Example V are followed substantially
as set forth thérein with the exception that the wear layer
comﬁosition W-1 used therein is replaced by wear layer composi-
tions W-3, W-6, W—i, W-9, W-10 and W-12, as described in the per-
tinent table herein. The results of these Examples are generélly
comparablé to the results obtained in Example V with wear layer
composition W-1. The contrast between the embossed, flat, dead
or dull textured areas and the sleek, glossy or lustrous smooth
finish areas is very pronounced. The differences in polymeri-
zation and/or cross-linking of the reactive polymerizable monomers
in the respective wear lavers are marked and considerakle. The
differences in the melt viscosities of the various areas of the

wear layer is also observed and is marked and consicderable. The

products are commercially acceptable as resilient floor coverings.

EXAMPLES XXXII - XXXVI

The procedures described in Example V are followed substantially
as set forth therein with the exception that the trimethylol-

propane trimethacrylate reactive polymerizable monomer is rerlaced

,QO,

j
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Example XXXII
Example XXXIII
Example XXXIV
Example XXXV

Example XXXVI’

The results of these Examples are generally comparable to the
results obtained in Example V.

linking and the increase in melt viscosity are as described

0003965
- ﬂl,

Triethylene glycoldiacrylate
Tetraethylene glycol diacrylate
1l,6~hexanediol diacrylate
Neopentyl glycol dimethacrylate

Trimethylolpropane triacrylate

The polymerization and/or cross-

therein, along with the contrasting flat, dead or dull textures

areas and the sleek, glossy or lustrous areas.

EXAMPLE XXXVII

The procedures set forth in Example I are followed substantially

as described therein with the exception that the composition of

the resinous wear layer is changed to the following:

Polyvinyl chloride, dispersion grade, inherent viscosity

0.8

Polyvinyl chloride, blending resin, inherent viscosity 0.71

Trimethylolpropane trimethacrylate (90 ppm hydroguinone)

Butyl benzyl phthalate

2,4,4-trimethyl pentyl-3,5-diisobutyrate

Alkyl benzyl phthalate

Ba-Zn rhosphite heat stabilizer

Epoxidized tall oil

(Parts by weight, based on 100 parts of resin, zhr)

-(“-'

Parts

13.8
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The results of this Example are generally comparable to the

results obtained in Example I. The differences in polymerization

and/oxr cross-linking of the reactive polymerizable monomer and
the difference in melt viscosities of the various portions of the
wear layer are noted, along with the contrasting surfaces of a
flat, dead or dull mat texture and a sleek, smooth, glossy or
lustrous finish. The product is commercially acceptable as a
resilient floor covering. Similar to the product of Example I,
the portioh of the wear layer in tﬂe flat, dead or dull mat
finish area is cross-linked and thermoset, whereas the portion

of the wear layer in the sleék, smooth, glossy or lustrous

finish areas is not cross-linked nor is it thermoset but is still

thermoplastic.

EXAMPLE XXXVIII

The pro;edures described in Example V afe followed substantially
as described therein with the exception that the barrier coat
composition BC-1 which is used therein is replaced by the barrier
coat composition BC-2, as previously described hereinbefors. The
results of this Example are generélly comparable to the results

obtained in Example.V. The thickness of the barrier coat is also

4.5 mils.

EXAMPLES XXXIX - XLI

The procedures described in Example V are followed substantially
as descriked therein with the exception that the thickness of the
barrier coat is changed to 1.5 mils, 4 mils, and 5 mils, rather
than the 4.5 mils thickness it pecssessed in Example V. The

results of these Examples are gz2nerally comparable to the results

obtained in Example V. '.QL'
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EXAMPLES XLII - XLIV 3

The procedures described in Example V are followed substantially"

as set forth therein with the exception that the mechanical

embossing takes place under applied pressures of 50 psig, 86 psig

and 100 psig, rather than the applied pressure of 110 psig as

employed in Example V. The results of these Examples are generally

comparable to the results obtained in Example V. The flat,

dead or dull mat finish areas contain cross-linked and thermoset
- ‘ . ]
resin, whereas the sleek, smooth, glossy or lustrous £finish

areas contain un-cross-linked, thermoplastic resin.

\

EXAMPLE XLV

The procedures descrited in Example V are followed substantially

e g 2y KA
mma—

as set forth therein with the excepticn that the conditions for
the mechanical embossing of the resincus wear layer are changed

to: 140 psig, at 360° F., for a period of time of about 15

gt e

second=.

sliar IR

The ressults of this Example are generally comparable to the re-

2 il

sults «—btained in Example V.

EXAMPLE XILVI

The prc:zedures described in Example V are followed substantially

as set Iorth therein with the exception that the conditions for

]
the mec-hanical embossing of the resinous wear layer are changed

to:

'
86 vpsig, 315° F., for a pericd of time of about 2 minutes. ‘

The restulis of +this Example are generzlly comparable to the

: i
results- obtained in Example V.

-3
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EXAMPLE XLVII

The procedures described in Example I are followed substantially *

as described therein with the exception that the mechanical

emﬁbssing is changed as follows:

Instead of applying pressure and heat to the coarsely textured,
parchment-type release paper placed on the surface of the gelled
resinous wear layer by means of a Watson~-Stillman Press platen,

the pressure and heat are applied by rolling contact with a

e ‘-&N-hh-;wh‘uu»m—whbym

24-in. rotating embossing roll having a temperature of about 330° F.
and rotating at a speed of 2 revolutions per minute. The surface
of the embossing roll has a roughened, sand-blasted finish. The
resinous_wear layer is guicded against the heated periphery of
the embossing roll and is held in t%ght contact therewith for the

major portion of the heated periphery, after passing through the -

pressure-applying roll-nip, thus creating akout a S5-foot useful

P T P TR A I 1 T LN ARINN

heated contacting periphery.
The results of this Example are generally comparable to the

results obtained in Example I. The polymerized and cross-linked

thermoset portions of the resinous wear layer which have the

oy

SR

higher melt viscosity retain the surface features and characteris-
tics of the coarsely-textured parchment-type release paper,

whereas the un-cross—-linked thermoplastic portions of the resinous

wear layer become sleek, smooth and glossy and lustrous.

-gq.
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EXAMPLE XLVIII

The procedures described in Example XLVII are followed substantialiy
és set forth therein with the exception that the heated, pressure-
applying embossing roll is engraved with very fine parallel lines,
fifty lines to the inch, which create the flat, dead or dull mat
texture or finish, and contain cross-linked, thermoset re;in, in
contrast to the sleek, smooth, glossy or lustrous portions which
contain un-cross-linked thermopiéstic reéin. The results of this

Example are generally comparable to the results of Example XLVII.

EXAMPLED XLIX

The resinous polymer sheet material illustrated in Figures 2 and
3 generally is made by the following alternative "upside-cdown"
procedure wherein the composition of the potentially foamable

plastisol, the printing ink compositions, the karrier coat compo-

sition, and the wear layer composition are as described in Example V.

The resinous wear layerx plastisol containing the reactive polvmeri-
zable monomer and while still in highiy fluid form is cast upon the
surface of a coarsely textured, parchment-type release paper to a
depth of about 15 mils. The wear laver plastisol is sufficiently
fluic as to flow into and completely £ill all the irregular recesses
of trhe release paper, thereby assuming the surface features and

characteristics of the release paper. The wear layer is then gelled

at 3c0° F.
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The various printing ink compositions, some containing both
dicumyl peroxide polymerization initiaﬁor and trimellitic
anhydride blow modifier ané others not containing any poly-
merization initiators or organic peroxides or any blow modifiers -
or inhibitors, are applied to varicus areas of the exposed £face

of the gelled wear layer in the desired pattern or design. The

printing ink compositions are then dried.

2 3-mil barrier coat is applied and adhered to the printing ink
compositions and is heated at a temperature of about 320° F., for
a sufficient period of time to rot only gel the resinous barrier
coat but also to activate or deccmpose the dicumyl peroxide in

the wear layer to polymerize and/or cross-ling ﬁhe reactive opely-

merizable monomers lying in the same vertical zones and to increase

the melt viscosities of the resins in such vertical zones.

A base .layer or substrate comprising a potentially foamzble plasti-
sol composition and an adhered fibrous sheet of felted asbestoé
fibers is then laminated to the gelled barrier ccat by passage
through a laminator device under pressure and at an elevated

temperature. The resulting laminated procduct is unitary and

integral in structure.

The coarsely textured parchment-tvpe release paper is then stripped’
from the wear layer whose surface is thus exposed and found to be
correspondingly coarsely textured and parchment-like in appear-

ance, possessing a flat, dead or dull texture all over its surface.

This laminated product is then passed through a heated fusionr oven

- o - - .
at temperatures of about 3957 F., and the resins are

I

used along

with the blowing and the foaming cperation wherein the blowinc

and foaming agent and the blowing modifier or inhikitor carry out

ab- :
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their previously described chemical embocsing procedures.

. &

The resulting blown product is generally similar and comparable
to the product of Example V. Those portions of the wear layer
wherein theireactive polymerizable monomers are polymerized and/
or cross-linked aﬁa also possess a higher melt viscosity retain

their coarsely textured parchment-type, flat, dead or dull mat

structure and appearance. In other portions of the wear layer
wherein there was substantially no polymerization and/or cross-
linking of the reactive polymerizable moncmers and wherein the
melt viscosity is still relativelv unchanged and is relatively
low, the surfaces are melted to form sleek, smooth, glossy or
lustrous finishes, occurring during the blowing and the foaming
operation. The cross-linked portions are thermoset,rwhereas

the portions which are not cross-linked are thermoplastic.
EXAMPLE I

The procedures described in Example V are followed substantially
as set forth therein with the exception that cumene hydroperoxide
which is a polymerization initiator or organic peroxide acti-
vatable or decomposable only at relatively high temperatures is

additionally included in the resinous wear layer substantially-

uniformly in a concentration of about 7 parts by weight basea on

100 parts of resin, phr.

The cumene hydroperoxide is not activated or decompeosed during
the gelling operations or during the mechanical emkbossing opera-
tions, at which time the dicumyl peroxide is activated or de-

composed in the printing ink ccomrositicn whereby certain selected

.g%,
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portions of the wear layer become polymerized and/or cross—-linked,
and develop relatively high melt viscosities, as described in this

specification and in Example V in greater detail.

However, the cumene hydroperoxide is subsequently actiﬁated br
decompésed at the more elevated temperatures which are present
during the fusion, blowing or foamingncyéle, whereby the reactive
polymerizable ménomers in the remaining sleek, smooth, glossy or
lustrous finish areas are polymerized and/or cross-linked at that’
time, along with the increase in the melt viécosities in such

sleek, smooth, glossy or lustrous portions. Apparently, the soften-
ing, melting and flowing in such areas precedes the polymerization

and/or cross-linking and increase in melt viscosities in such areas.

There is no substantial change in the flat, dead or dull textured
areas which are polymerized and/or cross-linked and have relatively
high melt viscosities. Thus, the entire surface is polymerized

and/or cross—linked and have relatively high viscosities.

EXAMPLE LI

Gloss level measuremgnts are obtained for the wear layer surfaces
(both land and mortar areas) of various polyvinyl chloride resinous
sheet materials which are made by hand-operated, manually controlled
laboratory procedures at 600, using a Gardner Laboratories glossmeter
standardized to an appropriate gloss plate for the 60° meter. Such
laboratory procedures are not as sophisficated or as refined as are
commeréial plant manufécturing procedures and occasional blisters

and irregularities cause lower than normal gloss readings. The
various vpolvvinyl chloride resinous sheet materials are oktained by
the procedures generallv described in Examéle I, with anv variations

in such procedures being noted. ’%8‘
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Gloss Measurements

Variations from Example I . Land Mortar

No variations from Example I 16 | 4
Inhibitor is 25% trimellitic anhydride 28 . 8 é
Inhibitor is 25% trimellitic anhydride 25 4
Inhibitor is 25% trimellitic anhydride 33 §
Monorer is 28 phr 1,6-hexanediol dimethacrylate 44 11
Monome; is 28 phr 1,6-hexanediol dimethacrylate 29 7
Monomer is 20 phr pentaerythritol triacrylate 20 7
Monomer is 20 phr pentaefythritoi triacrylate 37 13

Inhibitor is 20% Benzotriazole; dicumyl peroxide

is increased to 10% | 15 4 "5
No peroxide included (Control) 20 19

No peroxide included (Control) 22 18

EXAMPLE LII

Gloss levei measurements are obtained for the wear laver surfaces
(both land and mortar) cf various polyvinyl chloride resinous sheet
materials which are made by automated, electronically-controlled
commercial producﬁion plant procedures, at 60° using a Gardner
Laboratories glossmeteristandardized‘to an appropriate gloss plate
for the 60° meter. Such commercial production plant procedures are
very sophisticated and very refined and yield gloss level measure-
ments higher than those obtained bf lakoratory procedures. The
various polyvinyl chloride resinous sheet materials are obtained bv
the procedures generally described in Example I, with any variations

1

in such procedures being noted.

"E\(_“i'
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; . Gloss Measure-
i . . ments
Variations from Example I Land Mortar
-§ ]
: A
§ No variations from Example I 72 20 ®
£
E Inhibitor is 25% trimellitic anhydride 78 19
i Inhibitor is 25% trimellitic anhydride 79 18
i Inhibitor is 25% trimellitic anhydride 72 17
; Monomer is 28 phr 1,6-hexanediol dimethacrylate 80 27
Monomer is 28 phr 1,6-hexanediol dimethacrylate 71 21
% Monomer is 20 phY pentaerythritol triacrylate 67 16
Monomer is 20 phr pentaerythritol triacrylate 72 20

Inhibitor is 20% Benzotriazole; dicumyl peroxide

is increased to 10% : 63 14

EXAMPLE LIIX

Hot melt viscosities for various polyvinyl chloricde plastisols

§ are obtained, employing the C.W. Brabender "Plasticorder” with
a jacket temperature of 150° ¢. - to equilibrium in fifteen minutsas;
a shear rate of thirty revolutions per minute; and a sample weight

of 53 grams.

In the following charts, the reactive polymerizable monomeric

materials and the organic peroxide or free-radical polymerization

} initiator are as indicated. Monomer "A" is trimethylolpfopane
trimethacrylate; monomer "B" isrl,s—hexanediol dimethacryvlate; and
monomer "C" is pentaerythritol triacrylate. The organic peroxide
or free-radical polymerization initiator is 40% active dicumyl

peroxide, suppor:ed on precipitated calcium carbonate. The resin

-100 -
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for the first two controls is 100 parts Firestone polyvinyl chloride
resin 605. The resin for the second two controls is 89.5 parts of
Geon polyvinyl chloride resin 120X271 and 10.5 parts of Tenneco 501.
The resin for the second chart is 100 parts Firestone polyvinyl
chloride resin 605. 53.3 parts per hundred resin plasticizer blend
are used for the contrbls. |

Hot Melt Viscosity

" Controls Meter-grams

No Monomer | 600 .
No Monomer ) 600

No Monomer 840

'No Monomer 820

- ot



{62~ 0003965

s ilin e b

it bR

P i

s Gar

o b1

* .

g\

D

Plasticizer Monomer Monomer Monomer Hot-; Melt
Blend ‘Peroxide "an "B e Viscosity
Resin phr phr phr _ phr phr Meter Grams
100 23.3 1.59 30 ' 3180
100 23.3 1.59 30 3210
100 23.2 7.95 30 3210
100 23.2 7.95 30 3130
100' 38.3 1.59 15 1510
160 38.3 1.59 15 1470
100 38.3 7.95 15 1250
100 38.3 7.95 15 1250
100 25.3 1.59 728 2160
100 25.3 1.59 28 2100
100 25.3 7.95 28 2070
100 25.3 7.95 28 2050
100 - 39.3 1.59 14 1120
100 39.3 1.59 14 1090
100 39.3 7.95 14 1150
100 39.3 7.95 14 1150
100 23.3 1.59 30 3430
100 23.3 ‘1.59 30 3400
100 23.3 7.95 30 3210
100 23.3 7.95 30 3380
100 38.3 1.59 15 1460
100 38.3 1.59 15 1440
100 38.3 7.95 15 1470
100 38.3 7.95 15 1460

~ |6k -
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EXAMPLE LIV

The procedures set fbrth in Example I are followed substantially

as described therein with the exceptions that a barrier cbat or layer
is usgd, as shown in Figure 9, and all the various colored portions
and areas of the printing ink composition used in applying the de-
sired pattern or design to the gelled and cooled resinous polymer
plastisél composition have the following formulations containing

the same concentrations and amoun?é of dicumyl peroxide polymeri-

zation initiator or catalyst:

Solution grade copolymer of vinyl chloride (90 parts)

and vinyl acetatev(lo Parts) . 15
Methyl ethyl ketone 83
Dicumyl peroxide 2

Pigments or colorants, as desired or required,

in the particular pattern or design

The product, immediately prior to the heating and fusion, and

blowing or foaming overation, is illustrated in Figure 9.

Omisssion of the azodicarbonamide blowing or foaming agent (1.1 parts)
from the formulation of the resinous polymer plastisol composition

of Example I provides a final unblown or unfoamed product, such as
illustrated in Figure 9, wherein the mechanical embossing is sub-
stantially completely retained throughout the heating and fusion,

and blowing or foaming operations. In such a case where there is

no blowing or foaming, the barrier coat or layer is eliminated.
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Inclusion of the azodicarbonamide blowing or foaming agent (1.1
parts) in the formulation of the resinous polymer plastisol compo-
sition of Example I provides for a blown final product, such as ‘

illustrated in Figure 10, wherein the mechanical embossing is

substaﬁfially completely retained throughout the heating and fusion,

~and blowing or foaming operations. In such a case, a barrier coat

or layer may be used.

»

Substitution of certain selected printing ink compositions having
formulations as shown above in‘this Example which confain no

blowing or foaming modifiers or inhibitors therein by other selected
printing ink compositions having formulations as shown hereinaiter
in this Example which contain trimellitic anhydride blowing or

foaming modifier or inhikitor provides for surface embossed

effects in the blown or foamed final product..

-

Parts
Solution grade copolymer of vinyl chloride (90 parts)

and vinyl acetate (10 parts) : 12
Methyl ethyl ketone : 66
Dicumyl peroxide ‘ 2
Trimellitic anhydride 20

Pigments or colorants, as desired or reguired,

in the particular pattern or design

.

The final blown or foamed, chemically surface embossed product is
illustrated in Figure 1ll. The mechanical embossing on the surface
of the wear layer is substantially completely retained throughout
the heating and fusion, and blowing or foaming operations in this

latter form of the Example, as well as in all other forms of tkis

Example.
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EXAMPLE LV

The procedures set forth in Example I are followed substantially
as described therein, with the exception that none of the printing

ink compositions contain any polymerization initiators, catalysts,

or organic peroxides and have the following formulations:

Parts
Solution grade cqpolymer of vinyl chloride (90 parts)

and vinyl acetate (10 parts) ) 15
Methyl ethyl ketone 85

Pigments or colorants, as desired or reguired

by the particular pattern or design

However, a separate layer or coating such as a clear printing ink
coﬁposition containing dicumr:-l peroxide polymerization initiator

or catalysé is applied overall, as shown in the structure of the

product illustrated in FPigurs 12. Such a clear printing ink

composition has the followinz formulation:

Parts
Solution grade copolymer of winyl chloride (90 parts)
and vinyl acetate (10 parts) . 15
Méthyl ethyl ketone 83
Dicumyl peroxide 2

The structure of the product, immediately prior to the heating and
fusion, and blowing or foaming operations is illustrated in Figure

12, The structure of the przcduct, subsequent to any lieating and

-\0S 7
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fusion, and blowing or foaming, is not illustrated but the mechanical
ermbossing is substantially completely retained on the surface of the
wear layer through the heating and fusion, and blowing or foaming
operations as shown in other Figures of the drawings.

EX2AMPLE LVI

The procedurss set forth in Example I are followed substantially as
described therein with the exceptions that a barrier coat or layer
is used and none of the printing ink compositions have any polymeri-
zation initiators, catalysts, or organic peroxides therein. Such

printing ink compositions have the following formulations:

Parts
Solution grade copolymer of vinyl chloride (90 parts)
andrvinyl acetate (10 parts) 15
Methyl ethyl ketone . 85

Pigments or colorants, as desired or required

by the particular pattern or design

In addition, no separate overall layer or coating such as a clear
printing ink composition containing any polymerization initiators,
catalysts, or organic peroxides as is used in Example LV, is

included in the structure of the product.

s 2 -
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Such polymerization initiator, catalyst, or organic peroxide

however is included directly and uniformly in the wear layer which

possess the following formulation:

Parts
Polyvinyl chloride, dispersion grade, inherent

viscosity 0.8 - - 100
Trimethylolpropane trimethacrylate (90 ppm

hydroguinone) 25
Butyi benzyl phthalate plastiéizer ' 13.8
2,4,4-trimethyl pentyl-3, 5-diisobutyrate 3.3
Alkyl beniyl phthalate low boiling point plasticizer 4.1
Ba~Zn phosphite heat stabilizer ‘ | 6.4
Epoxidized tall oil 2.4
Dicumyl peroxide polymerization initiator 0.3

The product, immediately prior to the heating and fusion, and the
blowiﬁg or foaming operation, is generally similar to the product
which is illustrated in Figure 1 of the drawings. Subsequently, it
] is observed that the mechanical embossing on the surface of the
wear layer is substantially retained completely through the heat-

ing and fusion, and the blowing or foaming operation.

EXAMPLE LVII

-

The procedures set forth in Example I are followed substantially as
described therein with the exceptions that a barrier coat or layer
is used and none of the printing ink.compositions have any polymer-
ization initiators, catalysts, or organic peroxides therein. Such

printing ink compositions have the formulations described in

\ob

Example LVI.
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In addition, no separate overall coating such as a clear printing

ink composition containing any polymerization initiators, catalysts
or organic peroxides, as is used in Example LV is included in the

structure of the product.

Such bolymerization initiator, catalyst, or organic peroxide, '
however is included directly and uniformly in the barrier coat

which possesses the following formulation:

Parts
Poly;inyl chloride, high molecular weight,
dispersion grade, inherent viscosity 1.4 89
Polyvinyl chloride, high molecular weight,
blending resin, inherent viscosity 0.9 - 11
Epoxidized soya oil 5
2,2,4~trimethyl 1-1,3-pentanediol diisobutyrate _ 6.9
Butyl benzyl phthalate . 29
Polydodecyl benzené 8.5
Ba-Zn phosphite stabilizer 7.25
UV absorber 0.32
Toner 0.01
Dicumyl Peroxide polymerization initiator 0.5

The product, immediately prior to the heating and fusion, and

the blowing or foaming operation, is generally similar to the
product which is illustrated ianigure 9 of the cédrawings except
that the printing ink compositions contain no polymerization initia-
tors, catalysts or organic peroxicdes. Subsecquently, it is observed
that the mechanical embossing on the surface of the wear layer is

substantially retained completely through the heating and fusion,

and the blowing or foaming operation.
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Although the present invention has been described in great par-

ticularity in the numerous preceding specific examples wherein

there are shown preferred and typical embodiments of the inventive

concept, such is not to be construed as limitative of the broader
aspects of the inventive concept but only illustrative thereof.
The specific materials, chemicals, patterns, designs and other
particular aspects of such examples are simply illustrative and

do not limit the broader scope of the invention which is limited

and defined by the scope and the spirit of the appended claims.

-
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CLAIMS
l. A resinous polymer sheet material for use in pre-

paring a product having surface decorative effects comprising
a base layer or substrate; a printing composition layer form-
ing a pattern or design on said base layer or substrate; and
a resinous polymer wear layer on said printing composition
layer cémprising substantially uniformly therein reactive
polymerizable and cross-linkable monomeric materials; charac-
terized by a polymerization initiator capable of initiating

a polymerization and cross-linking reaction to polymerize and
to cross-link said reactive polymerizable and cross-linkable
monomeric materials to increase the melt viscosity of said
resinous polymer wear layer.

2. A method of makinb a resinous polymer sheet mate-
rial having surface decorative effects comprising laying down
or forming a base layer or substrate; applying a printing
composition layer forming a pattern or design on said base
layer or substrate; applying to said printing composition
layer a resinous polymer wear layer having substantially uni-
formly therein reactive polymerizable and cross-linkable
monomeric materials; characterized by including in areas of
Ehe resinous polymer sheet material a polymerization initiator
capable of initiating a polymerization and cross-linking re-
action to polymerize and to cross-link the reactive polymer-
izable and cross-linkable monomeric materials; and heating
the surface of the resinous polymer wear layer to cause said
polymerization initiator to bring about a reaction polymeriz-
ing and cross-linking said reactive polymerizable and cross-
linkable monomeric materials at the areas of said polymeriza-
tion initiator, whereby the melt viscosity of said resinous
polymer wear layer in said areas is increased.

3. A method according to claim 2, characterized by the
fact that the surface of the wear layer is mechanically em-
bossed at an elevated temperature to bring about said polymer-
ization and cross-linking of said reactive polymerizable and
cross—~linkable materials.

4. A method according to claim 2 or 3, characterized

o
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by the fact that the polymerization initiator is included in
certain portions of the printing composition pattern.

5. A method according to claim 2 or 3, characterized
by the fact that the polymerization initiator is included
substantially uniformly in all of the portions of ‘the print-
ing composition pattern.

6. A method according to claim 2 or 3, characterized
by the fact that the polymerization initiator is included in
a separate overall printing composition layer.®

7. A method according to claim 2 or 3, characterized
by the fact that the polymerization initiator is included in
the resinous polymer wear layer.

8. A method according to claim 2 or 3, characterized
by the fact that the polymerization initiator is included in
a barrier coat layer contacting the printing composition
layer.

9. A method according to any one of claims 2 to 8,
characterized by the fact that the base layer or substrate
contains a blowing agent and the resinous polymer sheet
material after the polymerization and cross-linking reaction
is exposed to elevated temperatures to blow or to foam said
base layer or substrate. ‘

10. A method according to claim 9, characterized by the
fact that selected portions of the printing composition
pattern contain a blowing modifier.

11. A method according to any one of claims 2 to 10,
characterized by the fact that the polymerization initiator
is an organic peroxide.‘

(16
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