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(54) Title: LOOR COVERING
(57) Abstract

of such sheet materials and floor coverings.

The present invention relates to sheet materials suitable for use in or as a fioor covering. The sheet materials comprise a polyalkene
resin in intimate admixture with at least one additive comprising a filler, wherein the polyalkene resin has a relatively narrow molecular
weight distribution (MWD), and a small amount of long chain branching and produced by a single site catalysed polymerisation of at least
one, linear, branched or cyclic, alkene havmg from 2 to 20 carbon atoms. The present invention also extends to processes for the production




It is an object of the present invention to avoid or nininize one or nore
of the above di sadvantages. It has now been found that a particular class
of polyal kenes, which are produced by single site catalysed 35

pol yneri sation, can be successfully used in floor covering nanufacture .
based on nore or |ess conventional spread WO 96/ 04419 , -
PCT/ GB95/ 01855 - 2- coating or cal endering technol ogy. Mre partrcularly
sui t abl e pol yal kenes in accordance with the present inventi.-on are those
having a relatively narrow nol ecul ar wei ght distribution (MAD) and, a snal
anount of |long chain 5 branching and produced by single site catal ysed

pol ynmerisation, and having the follow ng characteristics: a) Mlt |ndex
(M) of from0.1 to 100 b) Density -of from0.86 to 0.97; and c) a DRl of
from0.1 to 6.0, preferably from0.4 to 5.5. 10 As used herein the
following terns have the neanings indicated: Melt [ndex (M) or Iferr] is

t he anount (in. granms) of polynmer resin which is extruded in a- predeterm ned
period of time (10 m nutes) as measured in accordance with ASTM (Anerican

K

15 Standard Testing Method)-D-1238 (190 Mol ecul ar Wi ght _
Distribution (MAD) is the ra average nmol ecul ar weight (Mw) to
nunber average nol ecul ar -wei ght (M) (| - Ma/-Mh) . Density is the mass (in

grams) of 1 cubic centinmetre of 20 retrn as measured in accordance mnth :
ASTM D792 standard :
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Dow Rheol ogy I ndex (DRI) is an index of |ong chain branching neasured by
coparing the shift to the right (due to a |onger relaxation tine),

relative to @v(g%lm\émr resin with zero long-chain branching (lgepdsigssp! ot
of .zero shear viscosity against relaxation tinme (both froma cross
vi §cosity equation). O her abbreviations usetl herein which are comon in

the art include: PHR - parts per hundred parts by weight of polymer resin
(or 30 principal polymer resin conpdﬁéﬁﬁyﬁggﬁﬁiﬁéLe pol yal kenes in

accor dance Wi t h e priesentt inveN€IOH/fulthk®s to floor coverings and more

PCT/ GB95/ 01855 - n rise V.
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pol ymeri sati op Qedristhr@ast teasfldzlma&oméata&caad/ér%tﬁaﬁlsﬁuﬁl@le oRvayi ng

from2 to 20 carhon Conve the pol yal kene conpri ses a

copol yner produc ﬁﬁ?e§§§8l§ﬁﬁf?§é? 0 “two or nore al kenes conprising a
first Iinear or branched, al kene having from2 to 8 carbon atons and, a
second, linear, MWéE“ﬁT%@rOEoG¥flh§s 6%‘%HY% %9 EaHfQQbéééH“éhtO 20 car bon

t Thi s aIIo er ter_ de XIbI In reI tion to obtaining
2hggts mat larl al s Rfi*¢] S‘Fggﬁ?é‘?e dé%‘?q Fnat ¥B 1dra PVC
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second nonongp. of tll\efu E&Of(ﬁgﬁ’é'iff W Y1466 S HeREr tidd i R L

al kenes are used t.h
flllers, polymer stabilisers, and processing aids) to form a

spreadable paste which can be formed into sheets by spread
coating using knife or roller coater equipment and then

' thermally cured e.g. by oven heating.

15 The use of PVC does however raise siQnificant environmental
problems due to the use of chlorine and there is accordingly
a need for floor coverings based on alternative polymers.
Polyalkene polymers .are generally preferred from an
environmental point of view but the use of conventional

20 polyalkenes presents significant processing problems and
they are not suitable for use in floor covering manufact-
uring facilities based on spread coating and calendering
technology,' In addition a particular'problem in employing
conventional polyalkene polymers in floor coverings, is that

25 they do not provide the necessary physical characteristics

required in the final product. 1In more detail floor

coverings produced using conventional polyalkenes have been

Known to give insufficient tensile and tear strength,

- abrasion and stain resistance, and elastic recovery.

30 |
It is an object of the present invention to avoid or
minimize one or more of the above disadvantages.

It has now been found that a particular class of

polyalkenes, which are produced by single site catalysed
35 polymerisation, can be successfully used in floor covering

manufacture based on more or less conventional spread
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nore than one carbon ring and thus include bicyclic and tetra-cyclic
al kenes such as norbornene and tetracycl ododecene.
present inventjgn provides a sheet 20 material suitable forpgggpbéloress as a®

d conprising.a polyalkene resin in intimte adm xture with

fl oor
.one or

processing aid, wherein said polyal kene resin has a relatively narrow,
mol ecul ar wei gheating rah RALEAIERIDY, tSEARRIBT-abMPTPeBITEHAM A XY and, a
smal | amount ofyidkh &£ FdiyaikeneBi by aacopianrbe ad thy thengtesant e cat al ysed

covering an

nore additives selected froma fild @ -and a spread coating.
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I n anot her aspect the.
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from0.1 to 6, veigitrdigtriburiop $MWD) Grdofa sHalieRoybt sof | 1ng ehadres of

met al | ocene sCab@d A £

capabl e of incorporating into pol ynmer chains cyclic nononers,

advant ageousl y_ polycyel Br k4 NG loi ¢ mononers such ‘as
af »ﬁ% Wd}gqm 8t tRGh \L% DL

nor bornene (C e
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Tporate materials such as

nor bor nene i nt®) capDRMBIES tioimh 0l hyd edleg, \priefieriabdyt Arobehes ito &F. F.ai si ng”
t he toughness and nelting poi nt over conventional PE resins.

10 As used.herein_the follbWing terms have the meanings
indicated: ' '

Melt Index (MI) or I, is the amount (in grams) of polymer .
resin which is extruded in a predetermined period of time * -
(10 minutes) as measured:in accordance with ASTM (American

15 Standard Testing Method) D-1238 (190/2.16).

Molecular Weight Distribution (MWD) is the ratio of weight
average molecular weight (Mw) to number average molecular

weight (Mn) (i.e. Mw/Mn).

Density is the mass (in grams) of 1 cubic centimetre of
20 resin as measured in accordance with ASTM D-792 standard.

Dow Rheology'Index (DRI)  is an index of long chain branching_'

measured by comparing the shift to the right (due to a

longer relaxation time), relative to a polymer resin with
zero long-chain branching (LCB), in a plot of zero shear

25 viscosity against rélaxaticn time (both from a cross
viscosity equation).

Other abbreviations used herein which are common in the art

include:

PHR - parts per hundred parﬁs by weight of polymer resin (or

30 principal polymer resin component).

‘Suitable polyalkenes in accordance with the present
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5 The new sheet materials provided by the present invention have the
further advantage of suitability for incorporating various design features.

It may be po%\% 4&,4{ i ncorporate graphic images into the-fl ogriegesionsss
manner whi ch W give an image with depth perception. Systens using ion

10 *proj-ection technology are well known in-the art. These systens use an
el ectrostatic charge corresponding to the desired inmge. This inmage is )
deposi ted on t hénventipnl may t#lse Gomprasebe| Polyatkenmbaviag BearLiAbiveLY

rGr:a teCt rOiSt atic I?iaegﬁwsmapéﬁlmwwat tadﬁlet'ﬁiﬁﬁ)ﬁoxst(dmm? a\ndaerg emabbi ng 15
erial opposite ¢ eres .to e
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on top of this, candlxaedhﬁplyméami@aueéda nleast qllfyrerll"E?radHFﬁg‘:hEd
successive | ayeps, cgeghcW Hkéﬁé HRMAng"egem 2ttt Sz@Q&&*H@Jrﬁ attomBVi It a
structure 20 with an I,ma %?}g_eraéﬁgtlon This art n onvegtlo
resins, is.expl SCRYENiANELY 5 ngqFIMPRLRES D12 LFﬁ &Yﬁ‘SFyREP BFggar ed
using netall ocemgecoﬂeu.yme:llsatmrysifs twonos mbvetalkeresy comprisdde process.
More particul arl XﬁEQelﬁﬁga f ol Bl lncAcanCa iﬁEﬁEYE5§1ﬁ5”deﬁ52250t@ecarbon

i ncor poration o Boron oo al hing. end group Jor ver gyels of
unsaturati on. Ti&ESBScARdgr 8 UFRCIRD) B-é-nﬁéﬁ'ct PBW&F‘F%(P”( cf}lyﬁgd%'dé g&ﬂ?’t i onal
”Fanf fO{ Iaselmhathgframgznﬂb ddnﬁarboﬁaatbmscreﬂmisiaﬂﬂdws'fmragreater
el ectrostatic. projecti

sign %ﬁﬁ?‘xﬁtf@ %15&9.8&' %ﬁﬁ%ﬁ%%ﬁ%e@@taﬁ%i‘&!gisso

30 the pol yner ne Wt

anot her aspect Mhppesmsulmmsmqmc@mmggtaoaﬁe%ﬁ R?ﬁitsérqad-l suitable for
Uze_ '{‘ or a_Stﬁ féh%@ac%@if@étﬂ@s nétﬁ@&{ek&unﬂhare%aplﬁ’enﬁddewtbnlsninbmate
adm xture w percente%§t Q0§ 2dditd ve Coaprisipg, 2 fidd oy Miehe! n said-

'15 understood that where cyclic alkenes are used these may have

more than one carbon ring and thus include bicyclic and
tetra-cyclic alkenes such as norbornene and
tetracyclododecene. -

In another aspect the present invention provides a sheet

20 material suitable for use in or as a floor covering and
comprising a polyalkene resin in intimate admixture with one
or more additives selected from a filler and a SPread
coating processing aid, wherein said polyalkene resin has a
relatively narrow molecular weight distribution (MWD),

25 preferably less than 3.0, and, a small amount of long chain

‘ branching and produced by single site cataleed
polymerisation, and hav1ng the following characterlstlcs
a) Melt Index (MI) of from 0.1 to 100
b)- Density of from 0.86 to 0.97; and :

30 c) a DRI of from 0.1 to 6, preferably 0.4 to 5.5.

One of the very versatile features of metallocene catalysts
is the range of comonomer which may be incorporated into
polymeric chains by using such catalysts in ‘the single site
polymer:.sat:.on ‘of alkenes. Metallocene catalysts are, for
35 example, capable of " :mcorporat:.ng into polymer chains cycl:.c
monomers, advantageously .polycyclic monomers, including
cyclic monomers such as norbornene (CyHs,). Thus, for

SUBSTITUTE SHEET {RULE 26)



pol yal kene resin has a relatively narrow nol ecul ar wei ght SUBSTI TUTE SHEET *
(RULE 26) WO 96/ 04419 ' .
PCT/ GB95/ 01855 -5- distribution (MAD) and, a snmal! anount o chal n '
br anchi ng aW&gﬁl%"dﬂced by single site catal ysed pol yneri sat ?(C)Jﬁ/&%?s’@gﬁ rst,

| i near or branched al kene having from2-ta 8 carbon atons and, preferably a
second, linear, 5 branched or cyclic, alkene having from2 to 20 carbon
atoms. Wi | st epanplssitng saipgssih}ebo utrepuperate naternbdabsisuch ¢fs the
present invenfoPibrich@dinitdt cBpodfhehs Upith REhYLEHbAr wR Ok 8584 Nhe
characteristics gyph %i redyced Sneég% ﬂqﬂylre _nt; and/ or.increased
processi ng spRERLIIY 9% TRLIEFPPLPE BOBTIRGRE 68555? ERBYI BRI UEd in the
present i nvencomventhixinaln®E desaps.require the use of a plasticiser thereby
significantly reducing environnmental problens caused by the -mgration of
liquid plasticizers out of the naterid';a(y or | oss of performance

associ at ed 5w The (1Y Fheel matepials; E’F%‘é’roge. %@v&?‘?h@?ﬁ% Nt Yeds®cases
where it is deave ethd Eurthleraadvantags sabiduittpbiflitpy foerincapdmtingd a
processi ng ai fisclser., . It 4 % f

I nvention tha?agi%?gg%seféllygnt%ﬁ?tg?rgﬁe’rhgrrp n%(éo?e%?gg%lgc?égﬁﬁzﬁ%b?é%fo_used
as conpared wWE#plhpist imagesedn§s EhavEIPETHNG) ihsa8dmARNeF gthricgerliingdve |1 n a
particul arly gheffigeariftdy @egftht Bertéayeidn.on siykeefisi Gsin@risyer, used a

BLasti 1 9 S ksl W 0 COTPLLS I L ACh VB B0 TSRl 1 vl o

¥

systems use an electrostatic charge corresponding to the
desired image. This image is deposited on the material with ‘
a drum or belt. The material bearing the electrostatic
image is moved through a developer station where a toning
15 material opposite charge adheres to the charged areas of the
dielectric surface to form a visible image. Another layer
of polymer may be depoéited on top of this, and another
image produced in this layer. By adding successive layers, .
each with its own image, it is possible to built a structure
20 with an image depth perception. This art, using
conventional resins, is explained in US 5347296.

One advantage of using polymer prepared using metallocence-

derived catalysts comes about during the image brocess.

More pérticuiarly the use of metallocene catalysts permits
25 the incorporation of boron containing end groups and/or very

high levels of unsaturation. These end groups may be

. functionalized to provide additional means for facilitating

imaging. Images may be created either via electrostatic

projection systems or by functionalizing these end groups so
30 the polymer chains will better combine with toner or

‘pigments. ' | .

In another aspect the present invention provides a sheet
material suitable for use in or as a floor covering and
comprising a pdlyalkene resin in intimate admixtﬁre with at
35 least one additiﬁe comprising a filler, wherein said
polyalkene resin has a relatively narrow_molecularlweight

SUBSTITUTE SHEET (RULE 26)



25 under the sheet forming, e.g. extrusion, spread-coating or -cal endering,
conditions used in the floor covering sheet material manufacturing process
whi | st being substantially pol:ynerisabl e subsequently so as

material sub¥%PP#44P 1y free of liquid plasticiser. in genera?TR{%;ggg%gﬁ
polynerlsable mononmer nmay be used in an anoyint relative to the polyal kene
resin of from20 to 80 : 80 to 20. Further details of suitable plasticisers
are di scussed ladserabatovh tmmed:,orane@hernaméumldf hmnmdmraahood t hat

th | d 35
polymerisati on SEoEREnasind btodldia MieIRBEE ¢leg MR Bdd e he
mononer in t he PRBNBRELSaGEPR L & idtng L} NPAT SE Horancawdg@p@;ﬂ;fghavmg

PCT/ GB95/ 01855 frém 2a86S8i tation Unsadndl hpréberaiy iAt@cond,ongnklal i
sel ectively gc&kxgggble | g%F*s S%Eﬁé?ﬁthgbk¥?yfié§'ﬁ”% Q%e a&% ePQLXOIGf'n

In
product form ng CcO i 8hs sequen dctivated Tabl e
pl asticiser nmononer 5 polynerisation or curing conditions. varlous

pol yal kene resiypg18ki bRBLEs$ g UsRis m\ayhgenagealﬁhscﬁ riéwenﬁm%&aaus of

1
e 02 DR Behl e ddh SR BALLL UL BIOMELD s e 1 6

whi ch restrlctpmhceselpgogh&rantﬂrlﬂt;q@oBynbrasareduceﬂuhngngyknomn as
metal | ocenes (%ﬁuEQEHEﬁtQQaM)W&zQ@sQQ SPH80EL nd elﬁﬁ'erded i0 1§5

netallocene ol yol efi nes conven] ent abbrevi at ed_ as’
pol yol ef i ne$ r%a PEeeetcthe o?°%¥?e\’?eynﬁr S85LDF s e |PS'€&ePﬁ i nter

alia, US Patenun5eﬂE2oﬁ3ﬁhat_they do not require the use of a plasticiser
thereby significantly reducing environmental problems caused
by the migration of liquid plasticizers out of the material )
and/or loss of performance associated with the use of

15 plasticisers.

Nevertheless, in those cases where it is desired.to increase
processability, then there mey_be'used_a processing aid or
plasticiser, and it is an advantage of the present invention
that a significantly smaller amount of plasticiser can be
20 used as compared with polymer resins conveniently used in
 floor coverings. In a partlcularly preferred form of the
invention there is, moreover, used a plasticiser or
proce551ng aid comprising a selectlvely polymerlsable liquid
monomer system Which is substantially non-polymerisable
25 under the sheet formlng, e.g. extrusion, spread-coatlng or
calenderlng, conditions ‘used in the floor covering sheet
material manufacturlng process whilst being substantially
' polymerisable subsequently so as to produce a material
substantially free of 11qu1d plasticiser. 1In general the
30 polymerisable monomer may be used in an amount relative to
the polyalkene resin of from 20 to 80 : 80 to 20. Further
details of suitable pleeticisers'are discussed hereinbelow.

In this connection it will be understood that there is
normeliy used an initiator substance in order to induce

35 polymerisation of the monomer and which is included together
with the monomer in the monomer system. .Accordingly in such

SUBSTITUTE SHEET (RuLE 2e:



15 Preferred pol yal kenes that may be nentioned conprise copol yners of

et hyl ene and an al pha-al kene having from4 to 20 carbon atons, :

advant ageQL@Io?Jo&q;n4 to 10 carbon atons, for exanple propybkepepbibgee- 1,
or hexene-1;"0r a cyclic ol efine such as norbornene; copol yners of.

propyl ene and an 20 al pha-al kene having fr&ém2 to 10 carbon atons, for
exanple butene-1, hexene-1, of a cyclic olefine such as norbornene; and
copol yners of RsS@s Hi is- pBREEFRNard12athgl pRATARKRRH h AR FIEtoS2 to 10
car B()n at ons, s‘exlrec]gvi&@nlyeacbwmm ihexens- substamt akly dractfitee undep as
nor bor nene. 25%.Pr a . ' sed.a C ai nJ up to 15
nol e percent o ec%’r?gﬁfglr%%}krﬁ%d*% lr?%?g%\i}gr ggg%%g%é%%i%z}%%&[y.hgt ltohere may
be used nore tswhseEmensdiphendPtivatad upderhepetakle fRAASEIGHASE FONGBed a
terpol ymer sheidliyihedi@aibhoye oirihglidohaienbnal pha- al kenes each havi ng
from2 to 30 20 carbon atons. Suitable polyal kene r'esins that are
commercially available fromthe Exxon Chem cal conpany of USA and the Dow
Cheni cal conpafaricusMpdlyatkensd ctesjas, sudhabieefoF sussl im thebmeseriang 2
bel ow. 35 Tablg: khe present invention BFEORnSwEXfYrTtHd MrtReSiIRS gene¥@1

96/ 04419 - L PCT/ GB95/ 01855 - 7-

Pr oduct they are pr'odu:r@?_lpf, %yfnieé'gsm@r %61 Lkene monomers in
Density 0.90khd presence @7 gatidcud@d25catalysts which redmsictythe  0.910
S 10 - progress of the pMymerisétionlagd are known as metallocenes

(the resulting polymers being commonly referred to as
metallocene polyole_fihes conveniently abbre\iiéted as MPOs).
Such polyolefines and processes for their production are
described in, inter alié, US Patent 5,272,236.

15 Preferred polyalkenes that may be mentioned comprise .
copolymers of_ethyiene and an alpha-alkene having from 4 to
20 carbon atoms, advantageously from 4 to 10 carbon atoms,
for example propyiene butene-1, or hexene-l1, or a cyclic
olefine such as norbornene; copolymers of propylene and an

20 alpha-alkene having_frpmlz tpllo carbon atoms, for example
butene-1, hexene-1, of a cyclic olefine suqh as norbornene;
and copolymers of 4-methyl-l-pentene and an alpha-alkene
having from 2 to'lo'carbon atoms, for exémple, butene-1,
hexene-1, or a cyclic olefine Such_as nérbornene. _

25 Preferably there is used a'gbpolymer confaining up to 15
mole percent of comonomer. It will moreover be appreciated
that there may be used mqré.than 6ne comonomer, that is,
there may for example be used a terpolymer wherein are.

_ employed two different alpha-alkenes each having from 2 to

30 20 carbon atoﬁs. ' '

Suitéble_polyalkene resiné that are commercially'avaiiable _
from the Exxon Chemical company of'USA.and the Dow Chemical
company of Midland, Michigah, USA, are listed in Tables 1
and 2 below.

35 Table 1 . - Exxon's EXACT (TM) Resins -

 SUBSTITUTE SHEET (RULE 26p



EXACT 4038 Densi ty 0.885 M 125 EXACT 4041

Densi ty 0.878 M 3.0 10 EXACT 5008 Densi ty
Q.865 M EXACT 4006 Densi ty @c@ﬂﬁ,gyblgss
9 .
10.0 15 EXA&?OZS’(‘%H Densi ty 0.895 M [0 EXACT
4023 - Density 0.882 M- 7 - 35.0 EXACT 4033 .
Density 898 0.80 Table 2
- Dow s | NSI TE %5 e CHNOLOGY POLYMER (l‘réﬁ:)&ﬁﬁéé’éég- Key
Properti es Engage CL8200 , Density 0.870 M 50 25
DRI 0.8 fem0agn ,CL8150 iPeNsihl ¥oq 0.868 M
0.5 WD 96/ 04419 - Densigyl PCT/ GB95/ 01855
DR 2.0 Affinity SMI300 - MI pensity2? 0.902 M
30.0 DRI 0.4 5 Affinity SML250 Densi ty 0.885 M
30.0 EXACT 3025 Density 0.910 '
5 B _ MI 1.2
EXACT 4038 ' Density 0.885
MI 125
EXACT 4041 Density  0.878
' MI 3.0
10 EXACT 5008 . : Density - 0.865
' MI 10 ’
' EXACT 4006 o Density 0.880
MI 10.0
15 EXACT 4003 _ Density 0.895
o MI - 9.0
EXACT 4023 Density 0.882
MI 35.0
. EXACT 4033 - Density . 0.880
20 . : MI 0.80

' Table 2 - Dow's INSITE (TM) TECHNOLOGY POLYMER (ITP)

Product - Key Properties
Engage CL8200 . Density - 0.870
' - - MI - 5.0
25 : - DRI - 0.5
Engage CL8150 ~ Density 0.868
: MI . 0.5

SUBSTITUTE SHEET (RULE 26)



DRI Engage LG 8005 . Density 0.870 M 1.0 10

- DRI 2.0 In a further aspect t he present invention provides a

pol ymer resi n-based floor covering conprising at |east one Rggq@wggsheet
material of YO8 Rention. It will be appreciated that in ggﬁe?é| such

-~ floor coverings conprise two or nore 15 ci Bferent | ayers having particul ar -

functions, bonded together. Typically there may be i ncl uded | ayers such as
a foaned Iayer to provide cushioning; &%t ructural 2r8yer conprising a

;elanrC|ng c?rrlgr Er substrate |npregnated and/ or coated with a saturant
ormul a; a so c | ayer; r prat I ve or topcoat

| ayer. For Pﬁ i ﬁlé%’& | cations do%slclt%a no%egggnm on in gome or all
| ayers of the roor covering structure ¥ 11 be red@-Ped. The current

i nvention includes a range of floor covering systems4fromthose wherein all
| ayers, except the 25 topcoat, are foaned to those where none of the
constituent |ayers are foanmed. The sheet materials of the invention nmay be
produced by sa Bffireisty (MHRS0si ng the stRERSIY. proPi-88Ag a suitable

pol yal kene resin in accordance with theypO presentoi.gvention and at |east
one additive conprising a filler and op nally a sheet fornmation,

typically a spread coating or cal enderi processi ng ai d; brlnglng sai d
pol yal kene resin into intimate adm xture Wi th VO 96/ 04419
PCT/ GB95/ 01855Engage LG 8005 Density 0.870
. o MI 1.0 . |
10 . DRI 2.0 (

In a further aspect the present invention provides a polymer
resin-based floor covering comprising at least one layer of
a sheet material of the invention. It will be appfeciated
that in general.shch floor coverings comprise two or more

15 different layers having particular functions, bonded
together. Typically there may be included layers such as a
foamed layer to provide cushioning; a structural layer
comprising a reinforcingi carrier or substrate impregnated
and/or coated with a satﬁrant formula; a solid backcoat

20 layer; and a clear protective or topcoat layer.

For some types of applications little or no expansion in
some or all layers of thg floor covering'structure will be
required. The current invention includes a range of floor
covering systems from those wherein all layérs, except the
25 topcoat, are foamed to those where none of the constituent .
layers are foamed. ' '

The sheet materials of the invention may be produced by a

process comprising the steps of: ‘ _

providing a suitable polyalkene resin in accordance w1th the
30 present lnventlon and at: least one additive comprlslng a

filler and optionally a sheet formatlon, typically a spread

coating or calendering, processing aid;

bringing'said polyalkene: resin into intimate admixture with
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~9- said at |east one additive in a high shear mxer for a period of at

| east 10 mnutes at an el evated tenperature of at |east 75, preferably from
100 to 250[err] C, nost prefierably from 130 to 200[err]C f or peldBosigrsEhe
pol yal kenes WR®SB44df i cient to bring the nixture into a substantially
fluid state without substantial degradati engok the m xture; formng the
fluid mxture into a sheet form and all'-owi ng said sheet to cool and-
solidify. In onsapdederleasmspectadditie imvaritign shiearemiyensgdraa 10 said

fluid mxture WabehoSe ﬁ%tfégétallmeﬁﬁﬁ‘@lea@% @léiita*t%hls@émpébﬂﬁﬁié%fss
as di scussed el Ssewhere

erein be Jncl.ud ure on
more plastici sePs bPapF of 25 iBRPEST, ly EPR 102 ezcgj,’ rs&édmﬁsgoﬂ‘]ﬁ’éﬁilé
pl astici-ser, t henoinhm@rwmmqmcIﬂmdemelhih@ethé@dweaﬂmas ehdt he

sol i dified shfe; Ep; QI dee @A%ﬁ% Sc%' glss&a delast 's‘ﬁb%%%nt%ﬂ? luid

fugitive plasticiSer 1S uUs vant ageous| y i ncl udes the step

of vol atilizi ngssate %%5%?¢%|%RHStaPﬁéaih@%?r?ERQ&QQﬂ° £ B8uBL¥ERTRf ocesses
of the present EQmﬂﬂ?nthérEmnﬁerél it adsisdtagernovendt hose made

usi ng conyentio\%ﬁhsﬁ ?%%\g e oreﬂo%loyfq_ gi ghéegéﬂsq fgzart fromthe superior

processability use ol convention i sting production
plant previously utilized for PVC resin based sheet materials with m ni nal

25b”?g'nI ' gﬁt ' °Nen Bhéypféf&fﬁa/%égéw?r oenenaylmmrmi |t@xlér‘é0§ESu5t§ﬁ ap 3ct he
subs i reduy C eratures r ared wi

resin based %? oﬁﬁ&g gﬁ Wﬁu ‘Eﬁ“?"ﬁ{g F‘n&?eﬁ‘g?qiﬁa? a % BfYect a.
thermal curing piaspbotsnktc)thanﬂheﬂgsS@ esfdmscusaeﬁsEdﬁbwbereohecexmng"
by 30 "sol i di fi ggkl@Mnay FHE tIGE1dRLTHN! EnkhBlxEdrl R ltahaed 1 N

plasticisers or processing aids. Where there is used a
- polymerisable plasticiser, then the process includes further
15 treatment of the solidified sheet in order also to solidif&
the plasticiser. Where a fugitive plasticiser is used the
process advantageously includes the step of volatilizing '
said plasticiser.

The sheet material production processes of the present
20 invention have significant advantages over those made using
conventional polyalkene or polyolefin resins. Apart from
the superior processability which allows the use of
conventional existing production plant previously utilized
for PVC resin based sheet materia;s with minimal
25 modifications, they also have lower energy consumption costs
due to the substantially reduced curing temperatures
- required as compared with PVC resin based production which
involve increasing temperature to effect a thermal curing as
_ - opposed to a cooling to effect "crystallisation curing" by
30 "solidification". Further benefits that can be obtained in
relation to particular floor covering layers in products of
the invention include better toughness of.the,outer clear '
coat layer with better impact resistance resulting from the
' lower crystallinity associated with lower density; better
35 cell recovery in foamed cushioning lajers;-and better filler
acceptance due to more homdgenous nature of the polymer
(narrow MWD) ; and good flowability of the saturated layer
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relation to particular floor covering layers in products of the invention
i nclude better toughness of the outer clear coat |ayer with better inpact

resistance resulting fromthe | ower crystallinity associ at grytgobio]s3yer
density; bBQ¥0483 cel| recovery in foamed cushioning layers; and better

filler acceptance due to nore honpbgenous R gture of the polynmer (narrow
MAD) ; and good flowability of the saturated |ayer WO 96/ 04419

PCT/ GB95/ 01858 esulfing’ £66th thitth MIORikhghidt 18 60 Hd tddm@neinef Ob LOBRIRHEN
blocking. In relation to the various aspects of the present invention it
wll be appreC|ated that other pol yner resins out si de t hose speC|f|ed may -
be used in adAnxralatiprhte Hhepagiibusdasperes @f jhe presgpr tpvemkiemd"

the specifi edlﬁotzyﬂkséleags;&%dlaft@rd rtﬁa&oaﬁn@f BELARY ra%ins aatgl&@eaper
pol yal kene reg or_to, €Dd f %plsh gr t her, charactﬁh blcs unt
o1 such ot her PBFOnEPeTE 068 i8can RIS TIE BhelfoeriEibol

t hey affect5t hpes| @iditin antieaprtoadettendit they speaifdedr polvaikefet he

~materials of s.-asmnfsatf@sson?l& fe%Bn%iﬁ?”BiIeué i & Waﬁﬁrl@Sﬁyﬁ'ﬂiéﬁe around
50 to 60%W w of said Otheéﬂ% ner r.e. (relative to,the total pol

resin) dependFR§iBn PHet? d fdods nﬂrp?%ﬂﬁﬁt9§i¥%§FeFﬁ§t§ﬁ§et T
Thus, for exaspbuntiof relet ichheropoigmetenesild et mayy be, usad mhbhnt of

such ot her polugeha dﬁ‘fiﬁhf’ﬂ%%nmﬁ'b@?igh!}rb&f raxfetm%q galﬁgeﬁﬁéeégﬁé%'m of

not nore than aroun AN |ve

material s I FRACHPSSEMATIGRATISTIFSaRT ERR @ﬁﬁﬁﬁﬁ%;ﬁ:ﬁgrEBF ig¥entidpend on

t he Thus for example there may be used up to around 50 to 60%w/w
of said other polymer resin (relative to the total polYmer ‘
resin) depending on the required use and properties of the
sheet layer. Thus, for example, in relation to the clear
15 coat layer, the amount onSuch other polymer resin would _
normally be restricted to a lesser amount of not more than
around 15 to 20%w/w. '

Additives that may be used in the materials of the present
invention and the amounts;thereof, will depend on the

20 function and desired properties of the sheet material and
may aléo, to some extent, depend upon the particdlar polymer
resins used. Principal additives and additional processing
steps generally well knowh in the art, that may be mentioned
include the following: '

25 1. 1Inorganic fillers and%feinforcements.cén.enhance the
various polyolefin based layer or layers in the floor
coverlng material, which is the subject of this 1nventlon.-
This enhancement can be through lmprovements in appearance,
physical properties, or chemical characteristics. The

. 30 particular inorganic fillér]reinforcement attributes that
are 1mportant are the nature of the lnorganlc materlal the
shape of the material, and any surface treatment or coating.
There are many important aspects of the inorganic material.
Density is important in thé application and long term

35 utility of a floor covering. Highly filled back coat layers
(e.g. up to 85% by weight of filler) can be very useful in.
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20 function and desired properties of the sheet material and may also, to

sone extent, depend upon the particular polyner resins used. Principal

addi tives anq,daggml'bonal processing steps generally well knowgridgoshgssart

t hat may be mentioned include the following: 25 1. Inorganic fillers and

reinforcements can enhance the various pokybietin based | ayer or layers in
the floor covering material, which is the subject of this invention. This

enhancenent cantBést irgath. | AfRPeFeRRSiFnmaRcta hRtEr IbFsi dal hprdpessi es,
~or cheni cal chamaefeassalﬁ@rdn% 3@ pakirsbl&rin HO&Final product, but

filler/reinforc n tr es that are inportant_ are t

i nor gani c mater:%zg‘f?S L?’ﬁé :‘F')ﬁéle& tsllfghnﬁ?e??g ca)ancc?naﬁ?‘?uPFgégélf'Feﬁfﬁ%ﬁ'fsor
coating. There aﬂethﬁnve¢¥¢nﬁtﬂnﬂpe§§pBGtsquipm¢n$drﬁnqyanﬁcm#étemuxbrs and
Density is lrmoekaﬂhdéﬂslherm iacatikes aaﬂelgémnarﬁ&ma%éa%bl ity of a floor

covering. Highl NN k coat layers (e.g. up to ¥ by wei ght of
filler) can be ¥ é?éf Z af‘ff CerSnn 96/ 04419

PCT/ GB95/ 01855 - 11 - this regard Anothéﬂgnésmc naterlal attribute is
har dness. | ncr epeseek threes oS : = socuet —but tog

hard a filler ( mnbnmmlnxmzmn ha»enmmm ve eff el EARDRESRE wear of
processing equipnent, such as melt mxe i/‘%rd 5 extrl’ﬁ%c&ﬁl E%&é Alists
sone common inofoganic fillers/reéinforgerS." TABLE A | ERI AL
DENSITY Ca?clum gaé%onate 2.7 3 ' _
10 | Talc 2.9 1.5
Mica - la2.8 3 - ]
Glass Fibres 2.9 - .
silica 2.5 7.0
Wollastonite 2.9 4.7
15 | Aluminium Trihydrate 2.4 3.0 ' '
s _ _
‘| Magnesium Hydroxide 2.3 2.0
Titanium Dioxide

o

Whiting filler is used to increase opacity. Generally there

. is employed less than 500 PHR, preferabiy from 20 to 120 PHR

20 in saturant formula and foamable cushioning_materials and up
to 200 PHR in solid backing layers.

The optical'properties of titanium dioxide make it a
particularlj'good.pigment in obtaining a white colour with
good opacity. . Such a colour is desirable in the layer upon

25 which the printed design is placed. This is located below
the transparent wear layer. Lower levels of titanium
ledee (2 to 6 PHR) can be employed if a white filler such
as Calcium carbonate is used at moderate 1evels 1n this
layer.
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Cal ci um Car bonat e 2.7 : , 3 10 Talc

2.9 15Mca. 2.8 3 dass

Fi bres wo 96/04418° © Silica ; 2.5 . PCT/IGBIS018SS L
Wl | astonite 2.9 . 4.7 15 Alumnium Trihydrate 2.4
30 Magnesi um Hydr oxi de 2.3 . = 122<0 Titanium D oxi de 4.2

7.0 Wiiting filler is used to increase opacity. CGenerally there_is, enpl oyed
| ess than 500 F¢¢F1®We¢ﬁﬁkﬂﬂ%FqlﬁﬁnPfopﬁﬁgiEE9¢ﬁ%¥?ﬁ}Htﬂ %ﬁtﬁ?éﬁ? ?Eﬁ?ﬂﬂ a and
f oamabl e cush| BRsEY EEhEsd diondd Hartine28) ﬂﬁﬁn‘essol heabadkf hgctbyrer s.

The opti cal ggﬁ{)%l e %ﬁ td nlrlé@lgltg%gggeoo rgoga%ggﬁ{._gﬁég good

pi gnent in obt ol"our—w paC| a.col our

desirable in tWeldayel1tMMNP§§¥ﬁﬂML§HtYheaﬁﬁ|¢ﬂ¥&?%ﬁﬁﬁ §HaF§cEF§é%Hl°§Tﬁ¥F| s
l'ocated bel ayv phe § ﬁﬁfw@d entTHéQ@Hal' aneink&@avaind @lengatioh) t asi wel Hiaxi de

(2 to 6 PHR) can,be e
used at noder afat ?”év‘é{gmf% ﬁ'}d ?’ﬁygfé‘r pgrme%m%%fgﬁe@le%&@ carbonate 1s
"PCT/ GB95/ 01855 - 12 - Cal cium carbonate is of particular utility in

pol yol efi n bas?g 1600R0sh s £ tHAdNGES1 §ﬁiéédle:§os,edmeahedgah?§1eﬂm
temperature, p resjistance, stress crack res ce, 2I|Ity,
printability, &fI Sm‘&%?Fb?‘E)%F%MEFeFPE'F?t%garef%?’:ﬁ 3 \é\’% 8% Ther nal
shri nkage and- etﬁﬁea:hr@run aa:rmidstato the low aspect partlculate
10 structure of calcium carbonate. Thls lamellar form allows
talc to be more effective than calclum carbonate with regard
to increasing stlffness, heat deflection temperature and ‘
dimensional stability. The disadvantage of talc relatlve to”
calcium carbonate centre: on reduced impact strength, matt
15 surface, and lower thermooxidative stability. Mica also has
a lamellar structure and has similar advantages and
disadvantages. '

High aspect ratio flllerslrelnforcements such as
- wollastonite and glass flbres, have an even stronger effect
20 than talc and mica on increasing the modulus of elasticity,
tensile strength, and heat-distortion temperature of
polyolefln based systems.

The improvements provided by high aspect ratio inorganic
‘additives would be of particular assistance in these floor

25 covering systems,made using a permanent plasticizer or
processing aid, such as liquid paraffin. In these cases,
the stiffening action of such additives would compensate for
the loss of stiffness prcduced by the liquid paraffin.

Silica in its fumed or preclpltated forms can be useful at

30 low levels (O. 1 to 1.5%) in the polyolefin formulatlons
| where antiblocklng and printability is of importance. In
the floor covering system these would be in the wear layer
and in the layer upon which the printed design is applied.

Alumina trihydrate and magnesium hydroxide, in the correct
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Wwat er vapour and oxygen perneability are decreased. Talc is another filler
wel,l suited to enhance polyolefin forrmulations for floor covering. It has a
| anel | ar structure |J1 contrast to the | ow aspect particul ate pPrm&RILIGIBLY €
6f cal ci um caVBSH&E This lanellar formallows talc to be nore effective
t han cal cium carbonate with regard to i ncrggﬁ ng sti ffness, heat deflection
tenperature and di mensional stability. The sadvantage of talc relative to

cal ci um car bona&emralree fAlescdHsed fa@a@ésstsry@&&nh aﬁat ledd cnud ape, and
| ower t her nooxi até ve stabgd\?é M cgaa soo %P rn; Lag gérutct oepearq:d has
sinilar advant agds:eionF dits SHERESHesC2 R Fro e P 5 Y

fil Iers/relnforc%nhﬂnQ?mEuGhFmgvﬂéﬁﬂahyo¢#1Q§QmuF§yb9§§tPrbré% addeiogh even
sltro?gertefftect &fé;th:t'ahtpaioﬁlaadgabsa%wlf?wfis@?céh_ana?%w &fnijroll T
el asticity, nsile stren and_hea or n tempecature of polyalefin -
based systems% T‘Fféaﬁarf’ﬁﬁﬁz‘%%ﬁﬁs p?gbfd‘égi%f%dg‘ﬁcgfﬁs t HPaPPoTi %ﬁ%‘% .
addi ti ves woul d e dfigmmtesisitancessestiorne in these fl oor 25 covering

systens made using a permanent plasticizer or processing aid, such as
liquid paraffin._In these cgses, the stiffening action,of such additives

woul d conpensat & PR lefdD BRteF iRk FriSHE CIVELIPRSYSHRRS 358 af fi n.
Silica in its fuenthrozredbycithet asedof ot tisernad andf bight Qf.)albnw.zla\sal s

(0.1 to 1.5% i I n

pri ntability i s%éﬁet%ié& Sta BEEQ?E%%%%;&E%?: :arrlla Ttgg%oﬁl%ﬁ se Woul (f be

in the wear |15?yews%dviﬂ# t"ﬁé‘YI #iER theraGkiah va@eﬁﬁu Heed *a%sﬁ;bm%ate the

appl i ed. AIU”1nafiﬂaIU§ﬂﬁﬂb&u&&d MeHE e LN dpraRerdapprBathewiDl ¥dvide a
- product having less heat history than either the melt

calendering or extrusion routes. 1In all cases that involve

foamed systems, however, the polyolefin resins will be
15 exposed to temperatures over 180°C for some time during the
process. '

Suitable stabilisers include hindered phenol at from 0.05 to
0.30 PHR, optionally with co-stabilisers e.g. organosulphur
compounds such as DSTDP at from 0.2 to 1.0 PHR. More

20 particularly good thermal stability can be obtained in these
polyolefin systems using a high molecular weight hindered
phenol, such as Irganox 1010 from ciba-Geigy, with one or
more secondary antioxidants such as thloethers and
phosphorus compounds. Dlstearylthlodlproplonate (DSTDP) and

25 Ultranox 626 from GE are examples of these. types of
materials. An effective thermal stabilizer package from
such systems is 0.1% Irganox 1010, 0.1% DSTDP and 0.05%
Ultranox 626.

Hindered amine light stabilizers (HALS) are particularly

30 effective in protecting polyolefins from photo-oxidatipn; A .
‘Polymeric HALS, such as Luchem HA-B18 from Atochem, is
particularly effective in its own right and has the added
advantage of showing no antagonism for other additives such
as DSTDP. The inclusion of 0.3% of Luchem HA-B18 in the

35 outer wear layer'end 0.15% in the layer just below the
transparent wear layer willlgreetly enhance the light
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WO 96/ 04419 PCT/ GB95/ 01855 - 13 -
particle sizes which for nbst systens are | ess than 40 nmicrons in di aneter,

can provi d %,Iagm type of property enhancement provided pyreabsiise®
car bonat e. tion, they can provide useful fire resistance and snoke
“control 5 character| stics; This will be diggussed in nore detail in the

fire resistance section. 2. -Polyolefin materials for: floor covering

systems are enhesi=thmye tdfe tlhsesubjéd:re pdn‘qrduﬁdfmn(flbbgh&oﬁéﬁﬂhéléfs’t%m For
thermal stabilizers the amobunt and type that should be 10 used wi'll vary
with the actual process used to fabricate the final structure. The nelt

spreader appr odach WATIGANSE @BdaPEPeRRRINhAdidsy mays behehit ags tskance Han

ei t her- t he mel the ahamAdtuyeonfexhe L;Sd:beJréﬁitne%asle ﬁhbcigﬁ&@%ﬁétgini i nvol ve
f oamed syste gl o] resi Wi e expose 0

t enper at uresrrlcs)?/eg)v%@olﬁ' R %‘3{8 li()'!gé&;%&rneq"du Spfﬁégb?o%%%% SS3ui tF98 e
stabilisers |n%*ﬁkk?#ﬂﬂuﬁ&r@Glﬁhéhh#nQﬁr#ﬂgamm@raslpos0a309$%¢rnadpt|onalIy
Lo 10 PR Nof e o s e i“a“?ﬁ”*““d el o an T S S i 1
to 1.0 PHR parti.cul ar 00 r R 1 can

t hese pol yol ef"’lhﬁEa SPRERE 1a5P ’cﬁ]‘i" %éleﬁllﬁFnaérghT &Y 1’ Fahenol |
such as |rgan®ragiBe fsome @déattmgy smnﬁimam.on SUPPEOSEC O can be

anti oxi dant's sydedsirf kin@ebher g0 andhph I3
Di stearyl thiodi ro onat e DSTD?D) and 25 Utran Hggu&?r om GI§am e é)%arrpl es
of these tg’Be % é%ﬁtterl al s An effective thermal stabilizer package from

such systens is 0.1%| rgan_ox 1010, 0.1% DSTDP and 0.05% U tranox 626.
4. Depending on the spread coating or calendering process

and conditions, melt strength enhancement of the polyblefin
system may be useful. Grafts of polyolefins and acrylics

are useful at thg 0.1 to 1.0% range in proving a stronger o
15 more elastic melt.

5. In the polyolefin based floor covering which is the
-subject of this invention, for most applications it is
desirable to have one or more of the layers in the structure
(but not the wear layer) to be expanded in the form of a

20 close cell foam. One effective route to such an expanded
layer is through the use of a chemical blowing agent. 1In
polyolefin systems azo compoﬁnds are especially effective.
An exaﬁple of this class of compounds is Azodicarbonamide

. (Celogen AZ from Uniroyal). A particularly useful feature

25 of this compound is that its decomposition point can be
reduced from 220°C to less than 170°C through the use of
Jctivators, such as zinc oxide. This activated systém can
'be deactivated through the use of inhibitors such as
benzotriazole. If inks containing benzotriazole are used to

30 print on the surface of a polyolefin cbntaining Celogen AZ
and Zinc Oxide and the resulting structure, with a wear
'layer added over the foamabie layer, is heated to
temperature between thé activated and inactivated
decomposition femperatures, then a raised pattern (chemical

35 embossment) is created in the sample..
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‘H ndered amine light stabilizers (HALS) are particularly 30 effective in
protecting polyolefins from photo-oxidation. A Polymeric HALS, such as
Luchem HA-B18. from At ochem.-is particularly effective in itecwveBssiogss and
has the add@ﬁ’%ﬂVéﬁhage of show ng no antagonlsn1for ot her additives such
as® DSTDP. The inclusion of 0.3%of Luchem HA-B18 in'the 35 outer wear |ayer
and 0.15%in the layer just below the transparent.-wear layer will greatly

enh?nce ;he |Igh§upp1¥ﬁéﬂﬁéﬂ4ﬂﬂéﬁlng agent such as aluminum trihydrate may
PCT/ GB95/ 01855,-.1 ncg of the t p erLng
system 3. Lu I’Iggﬁ' a%d ot essi ugl g%gg %ié%géf‘%{ssrltgt %é‘rélg‘% H%Pg
manuf act ure of i8h&hasl 96| af ¥ﬁmﬁn#§$a¢ﬁébglﬁQdGPSY%wﬁndﬂﬂn§F@ﬁPFCb§l%é¢¥

dependent on the BRSChAfhLSePEDCABE1id rélexaeuslMbvmngrak;bneahandﬁatnﬁt
oper ati ons an ext ernal

b | c
stearate are” afgprofr Pﬁfe# ée’éx‘fﬁcﬂri Br F’saﬁglgs;g%nce qOC§ Ia#n] ‘ﬁc?% sorre

addi tional stalfngizaveoprecessing dbideprcpiabbiatizien qantﬂm;othVEOal 0%
preferably 0.2ys@ehi O¥piange é%@;%l@%ﬁ%ﬂl ﬂzowm? iy on the spread
coating or calen ering process and conditions t strength enhancenent of
t he polyolefin systemmay be useful. Gafts of polyolefins and acrylics
are useful at tmetﬁelcaSe1o£)%zﬁmﬂmn|ammdénghassis (yu_)mralayrmsedefastic
nelt. 5. In thg e f4 <CQ¥e S et su

this |nvent|on QEXQL %h ﬁg{ 16‘1 |tg:éskde3|¥\,{]ck)lqeB t4 5 IE,?IR m’Sg{r"h%r%re
of the Iaye%% pﬁtphg §p;gg efoamlng activator such as 21nc oxlde.

Some or all chemical blowing agents can be replaced with
mechanical foaming, given the correct conditions. Such
conditions involve the mixing into the polyolefin based .
mixture, that will become one of the layers in the floor
15 covering material, air or another gas, under conditions that
-will produce the desired number and size of cells in the
resulting foam. 1In the spread coating system the mixture as
. applied needs to have a foam structure near to that of
desired product. In the extrusion or calendering process
20 the gas needs to be in solution in the polymer or as small
- micro bubbles at the melt pressure in the extruder system.
Expansion takes place as the melt leaves the extruder and
goes from high pressure (100 to 700 PSI) to atmospheric
pressure. In both cases, it is important for the cell
25 structure to be frozen at the desired size by a rapid drop
'1n the sheet temperature to below that needed for cell
contraction or deformatlon. '

6. The properties of the polyoclefin structures in the
subject floor coverings can be enhanced through the use of

30 crosslinking, conveniently by means of an organic peroxide
e.g. at from 0.1 to 5.0 PHR for incréasing toughness and/or
stiffness of the sheet layer. Dicumyl peroxide is a reagent
used extensively for such reactions. This material becomes
an effective crosslinking agent at 190°C. In the case of

35 crosslinked foamed'polydlefin systems it is known that a
better foam cell structure'is developed if the crosslinking
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(but not the wear |ayer) to be expanded in the formof a 20 cl ose cell
foam One effective route to such an expanded | ayer is through the use of a

chem cal bl owi ng agent. In polyolefin systens azo conpoundspaf@pssdiess al ly
ef fecti ve. ‘Xﬂ%lﬂf%% e of this class of compounds i's Azodi carbonam de -

(Cel ogen AZ fromUniroyal). A particularly useful feature 25 of this
conpound is that its deconposition point can be reduced from 220[err]C to

| ess than 170[iar et bedupl . the frsen dfs £otrmedt or In  systems inved vixgde. .

This activate . apopersdeapid Va%-{?eﬁ‘Eﬂh YoheibiSidiseegyf 1 nhibitors such
as benzotri azgrlezl?é_%%?'n?&%kgogoﬁt al nrdng ené'otrlgaz%?e are used to 30 print on

the surface ofSTPSSILPELBE; nPRBMIRIITGRFESMOYLA BOXe RIS H@OE® S3RE t he
resul ting struimer andWwtehiperaedre | ayif aagdedxbderwitre £ dowld adtdyations

heated to t bet the .Actiuat d '
Fenper at ur oo, embstaBuBE, (86t I APniR SEepes biBflpdbR SURANORLEL T
the sanple. usedTtbgpsthe gorosed DUyl eguldBe . carrigs|Atfe #taRbEMSW ng

agent such as jaloepi feMdwdd Y Al €oBRYngeperau=y et i19obdese structures.
Al though its primary role is that of a flanme retardi ng additive and

inorganic filler it has a useful auxiliary role as a blow ng agent in t hat

it 5 gives of Theatdevelapuent witrstmmge¢rasslenped|trkled fhawopailybéefin

fugi tive procesutRgsabtnObe PE@SEHEY ZhathBd by OtFemdiny Yl UnokghRias a

suppl emental bl.ow ng agent. In the case_of ,azodi carbongmde thisS 1s

general_ ly aged‘.ql&pr to bg used with vinyl silane. The vinyl groups that
become attached to the filler particles become active in ‘
forming the cross linked network initiated by the peroxide

produced free radicals.

In non-expanded layers Di?umyl perokide would be a good

15 crosslinking agent. 1In lhyérs.to be expanded, using 2,2-bis
(tert. butylperoxy) butane in conjunction with an activated
Ceiogen AZ blowing-systéméwould be-desirable. In all filled
layers to be foamed, the filler should be treated with an
.agent such as vinyl silane that will provide sites of

20 unsaturation on the filler particles.

7. The flammability and smoke generation of the polyolefin
- based floor covering system is of importance. Fire
' characteristics can be improved through a wide range of’

additives. Various inorganic compounds, such as aluminum
25 trihydrate and magnesium hydroxide, that give off water at

elevated temperatures are useful as dual fillers/flame

retardants. Phosphorous compounds, borates, and zinc oxide

all can play useful roles@in_iﬁproVing the fire

characteristics of polyolefin. bases systems.
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foamabl e cushioning layers at from2.0 to 4.5 PHR together 10 with a
sui.tabl e foam ng activator such as zinc oxide. Sone or all chem cal blow ng
agents can b@ %Bl ged wi th mechani cal foam ng, given the corpceriBes/io18ss
condi tions. -Suc condltlons invol ve the mxing into the polyolefin based
m Xture, that will becone one of the |ayersl¥n-the floor 15 covering

material, air or another gas, under conditions that will ﬁpoduce t he :
desired number 8nd BPY¥EMeF reRine ofhekethas the mpacidied HPPRema) ke dused
coati ng systen1abenatéaLumbvusa&pp&t@ddaeedertmb&mﬁ&ans fimaametihtist of ef FeRr

to that of desiggde 8r€ut|0n :n%y{aﬁ\gl@ét Eﬂé{:oﬂafrbé:%leﬁfkl‘l%&eﬁg1RE?E§§ Eﬁgéthe

gas needs to be’In so

melt pressure |ﬁL%HEaéx¥¢WuRﬁn%%F§t@ﬁﬂYé%th%?%ﬁv1§§we§E§P§éénasV@ﬂE1nelt
| eaves the exgrpndetatey, isiforidr@meligghsoRESS UMY mltlableofPSh) thé

at nospheric preg n bot h case h
Structure o beoRFgSe Coheeiive GRE LRPE, sRety 0 Hine i, OTvERRY ek,
tenperature to bel ow t hat needed for cell contraction or deformation. 6.

The properties g &&&liiﬁﬂ“ﬂﬁﬂéﬂ&sﬁbﬁuﬁharSf ﬁéké'Héﬁﬂﬂyo%@hefbfeﬁaféaer'ngS
can be enhanced tg ﬂgp e us of 38 rossllnk venleng ﬁ b¥ nmeans
of an organi c pBPOX %) ha ot TR q%ﬁ“ PRc PRI AR ORG s s

and/ or stiffnesdesiredeprsdmattilessyer. Di cunyl peroxide is a reagent used
extensively for such reactions. This material becones an effective
crosslinking agent at 190[err]C. In the case of 35 crosslinked foaned
pol yol ef i n gv%t$ﬂslmﬁr?¥ﬁléﬂﬁﬂFq:WEPP&rBéFFeYaFkRHﬁ &ypesspfyetaskopsric

devel oped if theosponent ddditives can be used in generally known manner.

| These generally coﬁprise small particles with a core of an
elastomer e.g. butadiene or acrylic polymer coated with an
outer shell that will provide good adhesion to the MPO

15 polymer resin matrix. An example of such an elastomeric
component core/shell modifier additive is Paraloid EXL-330
from the Rohm and Haas Company. This resin has an acrylate
‘rubber core and a polymethyl methacrylate shell. Other
types of modifiers that can be used to enhance impact

20 properties include EPDM rubbers, such as Polysar

*

‘manufactured by Bayer; A/B/A block copolymers, such as

' Kraton manufactured by Shell; and multiple domain elastomer
systems, such as those described in European Patent No.
583,926. |

25 9. Other addltlves that may be mentloned include dyes,
inks, antioxidants etc. which are generally used in _
relatively small amounts at less than 50 PHR. Antistatic
characteristics can also be important for some applications.

s S
v g AT
v
i s
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is done before the foanlls formed. In systens involving Cel ogen AZ for
foam ng and_di cu per oxi de for crosslfnking,'both process ke

pl ace at th&© §5’Prg“{?| me and tenperature. If a peroxide with Sépg\%g#ﬂsg?
activation 5 tenperature, such as 2,2-bis {dert. ‘butyl peroxy) butane were

- used then the crosslinking could be carried out at about 170[err] C fol | owed
by a foam ng rnnxxnmsEﬂhstOGheTheed@ﬂe¢anmuu§ ioteshadngnieissslionleeknits! | ed

joam pol o' ef 4 Sl Gih.CaR,08 ohid e %ﬁqa@é LT A&hY hd i delQ gani c

10 filler to be used ane ecomne

roup
attached to tHReditivgs GﬁﬁtFEWEQ“E%%d%%FQHHYQFQPﬁﬁlfﬁrﬁ?ﬁ YIRS | i nked
network initi. aéetet:knhsi heApebmﬂbdemthélCﬁ.EiEbef rthdsr ggpeais. a Inmomorestberaded

| ayers Di cugyl s‘ﬁ%ﬂl gergﬁ%&?@ %s%hbékbﬂglggﬂgtgn& ilg@avers to .

be expanded, u5|ng b 'S ( ‘peroxy) ne rn con i"OH wi t h
an activated @,4%63@ [ EOraGi ﬁgléyst'@?ﬁﬁ RAHY® 1 @OHELPR abF eveth ReYary anded

layers to be fwvmﬂ,cdrdaetfol lthersﬁmw dzvaatr demhh wHi R &fHe Tadhyas
barticles. 7. aen e aRRIReLPE Rz B g@r@ £k Sfefih 98 ir'&'a'%
based fl oor cdver m:; menhﬂ-élofpammammﬁe catltpneCch@mmm@r.l S eoncan be

i.mproved tRpOUGHK R W i%quggsf% f‘dEB td MPDHRVAGI @HE b9 A erC FPRHRAS,
such as al um nym 25 tri ¥_drate and 1%égney um hydr oxi de, that give off water

at el evated téfl Uree 85 BPRERPTIALE: dual fillers/flame retardants.
Phosphor ous conpounds, borates, and zinc oxide all can play useful roles in

~inmproving the fqre ghanackenl Stifst e el Bnbasesr S 1 Biulations
may have various forms e.g. onen or non-woven mesh or
fabric, or tissue, of more or less thermally stable

15 materials such as glass fibre. o

The polyalkene'or.polyolefin resins used in accordance with
the present invention may be of various: different types
including random-bipolymers and terpolymers, and block
copolymers, based on a variety of monomer units including

20 lower alkene, preferably ‘1-alkene, having from 2 to 8 carbon
atoms e.g. propylene but most preferably ethylene; dienes;
cycioalkenes; and vinyl aromatic compoundsw‘

Fufther preferred features of the invention will appear from
the following detailed Examples given by way of illustration
25 and the accompanying schematic drawings in which: '
Fig. 1 is a schematic side view showing a first part of a
floor covering production line; and
 Fig. 2 is a similar view of the second part of the
production line of Fig. 1. |

30 Fig. 1 shows a first-stage production line 1 for producing a
first-stage three layer sheet material 2 by applying
saturant, foam gel, and back-coat laYer formulations 3, 4, 5
onto a glass fibre tissue web (approx. 0.45 mm thick) 6
supplied from a supply drum 7 via a first accumulator 8.

35 The tissue web is passed via a first weight/unit'érea_
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pol.ymer resins other than the specified MPGs nmay be used as noted above as
extenders- or.vJB)&irOLj‘ gfs in anounts of from 10 to 30 PHR ExanmcrscBdseisssny
Be mentionedVihneldde LLDPE (Linear Low Density Pol yEt hyl ene), EVA (Ethyl ene
.Vinyl 5 Acetate), lononers e.g. SURLYN (TM X®vai | abl e from the DuPont
Conmpany, and VLDPE (Very Low Density Pol yEthylene). In addition, blends of
two or nore net deIVHHAODSYFELRI pbP | BFTSTs SPAPaPeCOIBING dkt atth at
particul ar CO@iM&m%éﬁ#&eflélﬁdsﬁWﬁ if@&'-mulﬁt'fagi BP{ & CapFEHCS 90-C)

"~ properties various types astoneric Co ent, £ used in -
general ly known T gfl_leﬁﬁgggogéﬁsp%ﬁﬁ, @o%%sgggﬁgl #ijggflfc?;ksg)\% th a -
core of ‘an el astpradetenpined: fhickpess ofcrahqut FebpnEr eenkrel lgd byam out er

shell that wilsl $fa dgided32dB8sh 00 £ Q- dthedE@nkduBOhYGR sH&Ht baFRldli~X.

An exanpl e of such an el astoneri¢c conpanent carel shell difier additive is
Par al oi d EXL- 330-¥ROMAXIRF Rdhm éﬁdt%a%trl'ﬁﬁ"rﬁé%f 1$hf’§ Fgol#ﬁ'%% ’:ﬁiq:ﬁ,’r Wéat e
rubber core and thedatwmtantl foenhiatidmtis sinsietradr toyths tissumlivekerss
that can be Usedaéoa%ng@&%ebbmsﬁ e Df ORA! Octfﬂie&-“‘ibudﬁd.';fxp'\éﬁ;&&msl such

as Pol ysar manufactured by Bayer k copql yners, such "as Kraton .
manuf act ured by EheFYe waki swePeFh| EOl I LY ol FoABPTEYRES] TisRUe AR Hbse
descri bed i niBur bpegHerPaiassiedNarofiid, & Zargs diam@tker chillll éd ixsuni et sy be

menti oned i ncl udg, Ay S ke caRbEAXLLAN G HrountN28Ne8" FodENGR! it diRgd 11
smaller diameter cooling drums 20 for "crystallisation
curing" or solidification. '

The hot melt foam and back-coat layer formulations 4, 5 are

15 then successively applied to the coated tissue web 18 at i
approximate thickness of 0.2 and 0.6 ﬁm, respectively, in
generally similar manner at3secqnd and third spread coating
units 21, 22, éxcept that a large diameter chilled drum 19
‘is omitted at the back-coat layer stage. The resulting

20 three layer sheet material 2 is then collected on a wind-up
drum 23 down-stream of a second accumulator 24. If desired
this sheet material is then passed to a rotogravure or other
printiﬁg-station for applicatioh of graphic design material
etc. in generally known manner, for example, using ink

25 designed for chemical embossing.

Fig. 2 shows a second stage production line 101 in which
like parts corresponding to those in Fig. 1 are indicated by
like reference numerals to which have been added 100. The
three layer sheet material 2 produced in the first stage
30 production line 1 is supplied from a supply drum 107 via an
accumulator 108 to a fourth spread coating unit 110 at which
a clear coat form@lation 125 is applied to said sheet
. material 2 at a thickness of about 0.2 mm, and cured as
before except that in this case a heat shield 126 is
.35 provided between the chilled drum 119 and the hot .mixer 114
. to help improve temperature control etec. '
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relatively small ampunts at |ess than 50 PHR. Antistatic characteristics

can al so be inportant for sone applications. WO 96/04419 o
PCT/ GB95/ O: Z} &g In this case, the use of various inte %Hsgg atic
agents int WE4 | ayer woul d be appropriate. Many antista |c a Ives

are conpounds with hydrophilic and hydrophgpic sections. A comon material -
of this type is a nono ester of 5 a polyol, such as glycerol, with a long
chain fatty acifl,dssictedhs shedher aohﬂedTﬁﬁnMxﬂqaﬂ laQEtIﬁByIBeV&ﬁijEH ar

and woul d CONByg Png %@%A&%@ﬂép@e&ﬁ{-%&éﬁ itk (hee!8 %&’n aci %H s

ol yol efin-1ikg" d woul d sta astic.
pgrtycan be caY+%ﬁn%P %ﬂﬁQE%¥}Y éF ABRreqpteshithat EBVEF§°6@3¥FQ.W¥$hO 5 PHR

in the outer Iegmnonﬂpndutlsbruﬁtuhelamausﬂn¥%ﬁmehataer19f aéﬁ%fééﬂf%ﬁpbf
t o) i arious _forns €.g
substrates %Se&;é/"'Jéh%ﬁ:ﬁsU&%?%gE EQH! 8¢ xPa[Re'Ea%o gn’§ a%?rl%%s SR8 Tal | y

woven or non-woven nes C, Or tl1Ssue,
stabl e 15 nat ?¥BE-such as glass fibre. The polyalkene or polyolefin

resins used in accordance with the present invention nay be of various

different t ndQ pol yyjrers and ter rs, and bl ock
cepolyners ypeﬁi¢§Yiﬁugh%%Flgtyog}bﬂdﬁ5 3“95ﬁftgyPﬁc£hﬂ¥%§ 3 1880 ed) kene, -
preferably 1-dhdénear e prgpiied esing & gnooyedarohier. app hiahdrene 7hut

nost preferably ethylene di enes; cycl oal kenes; and vinyl .aromatic
conpounds. Fugéher ferred Eeat res of the invepntjon will appear fromthe

fol | owi ng det l}e5' rAPEsTBEbEn Wwﬂ?ng PREEEL2Lt 14 is then passed

10 through a multl-stage hot air oven 141 on a belt support 142
set to a maximum temperature of around 200°C with a dwell ‘
time of around 1% minutes to allow foaming expansion of the
foam layer (from about 0.2 mm to about 0.5 mm)'wifh
selective control théreof by chemical embossing where'this'

15 is used, whereupon final cooling of the finished Sheet
material takes place at further cooling drums 120 prior to
collection on the take-up drum.

Melt caienderingﬂcan also be used to produce the floor
coverings which are the subject of this inﬁentioh{- Although
20 both rolling sheet and viscous blank calendering can be
' emﬁloYed, rolling sheet is preferred with a glass fibre web,
being the preferred substrate.

" A multilayer laminate is prepared by applying a series of
melts based on the polyalkene or polyolefin resins as
. 25 described in this inventibn;' These melt calendering

operations can all be doné in a continuous way using a
series of calenderinq.rolis, or they may be done in a
segmented fashion with a single layer being applied followed
by a wind up operation with additional layers being added in

30 senarate operations. In addition, a combination of
corniinuous and discontinuous calendering operations can be
employed. Thus fbr example, a saturant formulation can be
applied to a glass fibre web followed by a foamable layer 6n
top and a base layer benééth.- These three operaﬁions being

35 carried out in a consecutive way as the material passed
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25 and the acconpanying schematic draw ngs in which: Fig. 1is a schematic
"side view showing a first part of a floor covering production |ine; and
Fig. 2is a %(ﬂbollﬁﬁlv' ew of the second part of the- productloq,é-li,@ggsmlssgl g.
1. 30 Fig. a first-stage production line 1 for producing a

. first-stage three layer sheet material 2 by zapplying saturant, foam gel,
and back-coat layer fornulations 3, 4, 5 onto a glass fibre tissue web
(approx. 0.45 nrhhnough) tBreapgifferéntorsatss ofpkrlender 7rolks dbdfiarst wind
accurul ator 8. 3fp.Thaqlit3HRaVeProSeddfinf $tebd Bahi bal 2! p 6895/140%345%

WO 96/ 04419
measuri ng  syst e “alepAering  erafians g §AF: SXeMREe wHike “taﬁ@”-ﬁétl rrelt

saturant fornul gircdmcgd( by applying XHrmse [polymerapayers oot qlassSicderdl of

By 5 f1 st Enips PRl BOCRERREN U ARE 1AL 00 odeat TR BRIRL' &°

by a5 first knife 13 I rst cont’l nuo
myxer 14. At th@%@?‘lgﬁdémige otnd e fﬁarcé-tllFBF?th&’Qlcﬁhé"Mﬁﬁm Th_ls

fornulation is taimtihetr pﬂmmﬁ@esteﬁs:mu\aeberaumﬁ Fb}l%WTh heliRe
first roller tisSs ro er e

I mpregnated ti ssf%g'%v\ggrﬁgg %Eg% %‘?1 ssegggg %}ﬁ dg‘llfr?é't er chilled
drum 19 set for SPVEEAingece Achert at{ﬁéetmﬁntasﬁeadcg\sl@ofam’{c&r rgh@ and further

snmal | er di aneo erap@QQbaﬂﬂoﬂrufrBtﬁ’é) wedr "X tabhtﬁé‘f'ﬂi‘ & Wdritd nudus or
solidification.

mand kcot forrrul tions are
15 then successi ve °p‘gé5f)' °'éﬁ H‘? co%?’(? hep SEE 1'!L"S cgul eXpand’ the

various layers through the formulation of a chemical foam,
- in those layers containing a chemical blowing agent. 1In

addition, the physical and chemical properties of the

15 polyolefin resins could be enhanced: through crosslink
formation in these layers via the use of a crosslinking
‘'system. '

~In the melt calendering process, a polymer melt is applied
to a series of two or more heated rolls in such a way to
20 produce a layer of polymer of uniform thickness. The melt
is prepared by mixing the polymers and non-polymeric
components of the material under conditions of elevated
temperatures and shear. Devices such as extruders or mixers
can be used for this process. More detailed descriptions of
25 the melt calendering process can be found in Chapter 83 of
"Handbook of Plastic Materials and Technology" by Irvin I. -
. Rubin and publlshed by John Wily and Sons, Inc (ISBN 0-471~
09634-2)

The floor covering structure, which is the subject of this
30 -invention, can also be prepared by melt extrusion. 1In such
a process, one or more polymer layers can be applied to a
continuous glass fibre web. in a'single extrusion operation.
When co-extrusion is used to prov1de multiple layers in a
single pass, a separate extruder is used to feed each melt
35 to the sheet die block. Extrusion operations can be
intermixed with other processing steps in preparing the
final'stru;ture. For examplé, a glass web can be saturated
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approxi mate thickness of 0.2 and 0.6 mm respectively, in generally simlar
manner at second and third spread coating units 21, 22, except that a | arge
dianeter.chille&‘ggun119 is omtted at the back-coat |ayer $cgamBos/d138s

resul ting ¥ A %04 | ayer sheet material 2 is then collected on a w nd-up
drum 23 down-stream of a second accunul at-orz224. |If desired this sheet
material is then passed to a rotogravure or other printing station for
application of agidaphcapdesaged edtvdeenl acbesei hageneard |Soamabie Fayeer inf or
exanpl e,. using éi%l%? cgegke%g-éﬁr TGl veRROs Stitke Mt 2eEOWRat
second stage production l'ine 1bl I'n which |ike " parts, corresponding to those
in Fig. 1 are iH®-calbdshFtriRerye e, San,hfef P%Q?Be%ﬁ%ﬁ-ﬁé'\}éit 88n added

100.OI The t hlr_ ee griyeisss feelowad asy al singrledlagdri beiipe dddest byt @yer@8ion.
producti on n i pPRLLEEL §Qe s Vi r 108
to a fourth &?Q&“%&%ﬁi ?\éﬁ%ﬁl}‘%ﬂ?l@ﬁat ' B'!O)C{thggg%%gg}éclaot;ﬁi&?c??crr&?&gutib%%%ZS _
is applied to sdversiaceikberra gontinuons; prcRAgSentInugif Eaghiony 3Ihas
Eu{ ed astEefo[1 Q;lz@ata@hl an tt b?ﬁlﬂg.(ﬂnergﬁrﬁ:é:m Zihadt peddwdt By @xpansdopr e¢i ded
- between the chilled dru . and_.t t . 114 i_prove

t enper at ur e Corﬁaryarsetcggltamw 90617%“?}1’%8' 'b?oﬁ;'g &ée'ﬁ% haq:ldalam
PCT/ GB95/ 01855 crog@linkfindeef r kavers qomyadnipgneucsebinkid SySFePSmay be
appl i ed using yet another spread-coat applicator (not shown). It wll

R A PRI I R CT
a greater or |edomr covering structure through the use of a melt spreading
approach, as shown in figures 1 and 2, can be extended in '
scope through the use of fugitive_and/or'permanént
processing aids or plastiéizers. This involves the addition
15 of a liquid or liguids to the various polyolefin
formulations used to make the discrete layers of the final
structure. Such an addition can be used to lower the
témperature needed to obtain the viscosity needed for good
processing. For example, white spirit, petroleum ether, or
© 20 mineral spirits can be blended with a polyclefin layer
system using heat and shear mixiﬁg to'produce a homogenous
low viscosity material wﬁich can bg;processed at a lower
temperature than would otherwise be possible. This is a
fugitive system as the white spirit or-other plasticiser-
25 evaporates from the surface of the structure after the
system has been applied. Preferably, the vaporized white
. spirit or other plasticiser is captured, condensed, and
recycled. Alternatively, a non-volatile liquid plasticiser,
such as liquid paraffinl(mineral 0il) can be used. In this
30 case, the_resulting floor covéring structure will fetain
this material aé a permanent component. Mixed systems of
fugitive and permanent liquids can also be used. The range
for such additives can extend from 200% to less than 5%, on
a weight basis of polyolefin. Most desirably though there
35 is used a polymerisable plasticiser. -

The polymerisable plasticiser monomers that can be used in
accordance with the .present invention are those that are

SUBSTITUTE SHEET (RULE 25)



ext ent . Finally where a polish or lacquer type finish is required this can
be -applied using a grooved roller applicator 127. The resulting nulti-layer

sheet materigl) J4Q,bs then passed 10 through a nulti-stage hekrrigosoiges 141
on a belt support f42 set to a nmaxi mum t enperature of around 200[err]C with

a dwell tinme of around 1 minutes to allow-f@3m-ng expansi on of the foam .
| ayer (from about 0.2 nmmto about 0.5 M) with selective control thereof by
chem cal enbossERdventEeloni the ndin podamerhepuppuent (sHalofcsbei pglpblehin

fini shed sheet baﬁbal tﬂf@,’i AL o, huat heﬁlsox%fﬂzmq;r Wok, 128 BbLoEntQ
coll ection on tEB §58 { drum Melt cal ender i ng? e us
c r

produce the flo E)Eg%?ﬁ%t?%p@nﬁﬁ SstiBf e hﬁzf §°F‘R\98ﬁf’fg'8n which
Al t hough 20 bot mayothemgelvestalswnl bei podwebSankuclalmdamang vadibéers,

e”p:c OyEdd r Olbé It 'Eg%zﬁﬂﬁﬁxg' 2idd ef%fdﬁg:r%‘g'n;?gal gbﬁé%%ﬂ;ﬂgﬁﬁﬁgge E: EST%QSEI’I os
referred substrate

gf nelts based Bﬁ“?ﬂ@rﬁoﬂrgk% ‘-’(ﬁneﬁéllyopé?’ﬁng 8’? e%y% gé?&r tBed in
this invention. "pdhgedefibhtlijed'endahi ag epdr gtoup sticen ial bababdagefhﬂrae
cont i nuous way | end Oh EfEPe e done in
a segnent ed fasﬁ?gggaﬂgtﬁgi Sl nfgﬁe %g’yereh Eggi g% cg' wi nd up
operation with SGUPEFBREF %8 ddnesarborgdwdthntem amors: éaﬁbéﬁaﬁtm\%z I'n
addi tion, a r®nahdaekaiipbés cONtsuthogzoaps Woalenbe mmlcqbgmeylm '

. an be
oher oLl ons can BReRPOlE gy 1o shlh SPNE fnd L WD LE MR AR £2D O
| ayer beneath. PReS¥cliepedenmndincgonin Dsrhgu36nc%he|s§1uamurenoﬂ tbesecutive
way as the matepb@yoPafs€d The terminal polymerizable group can be a

simple unsubstituted double bond, such as in i1-dodecene or a
15 more complex unit such as a methacrylate, as in stearyl
methacrylate. | '

Along with the plasticiser monomer or monomers, compounds
that generate freé-fadicals at elevated temperatures and
optionally crosslinking monomers may be used to cure the

20 resulting products and to provide enhanced properties. Many
classes of free radical generators can be used, but '
materials in the peroxide, ketone peroxide,
peroxydicarbonate, perpxyester, hydroperoxide, and
peroxyketal families are of particular use. Also of utility'

25 are several classes of azo compounds and a variety of
photoinitiators. The characteristics needed in these
compounds is that they are substantially non-polymerisable
i e. remain essentially dormant durlng the initial mixing,
compoundlng, and product fabrication process but can be

30 induced to produce free radicals at a rate that will
initiate a polymerization of the monomer e.g. when the
temperature is increased, or when exposed to the appropriatel
radiation. For example a material such as t-butyl’ '
perbenzoate has a half life of over 1000 hours at 100.C,

35 while having a half life of less than 2 minutes at 160 C.
In a polymer/monomer system containing such an initiator it
would be possible to process the system into the finished
product form (i.e. shape or configuration) at 100 C and then
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WD 96/ 04419 PCT/ GB95/ 01855 - 21 -
through three different sets of calender rolls before wind up. Additional
processi ng steps can be placed between and anong cal ender i n-19E8YsALESONS.
For exanpl é’YO?‘ﬁ‘E‘"ﬂ‘f'at erial produced by applying three polymer |ayers to a
glass fibre 5 web coul d be passed through rinting process, to provide a
decorative image and to facilitate chem cal enbossing. This distinct
printing step o dree syeitapyd BybPiet hafpodire aél eadecing step to apply a
wear |ayer to the floor covering. A heat treatnment step could follow the 10
application of the wear layer, either in a continuous or discontinuous
fashi on. The Hémen modnfvactioval dnengrens e ‘acivded| &y cthe t3yshegh thea

fornul ation ofz &ditiefuetls £e8Ek1iAkédIGRa ymd¥eEyseait 84N BE ForaiTseah

bl owi ng agent._ln addition, tEe Ehﬁf|%$%H3ﬁq c§en1$aJ iwcgﬁgtres of the 15
pol yol ef i n' r ests ARMETse SRRARBRYY CPRISERFRRET FIRAGTPESh SBRese.

| ayers vi a Bhebaisimaifudedc tbat| whkl erovisice cross hskimgtof althengere ng
process, a pol 3 ' . e . S i Qf plrWP4 i %?yg Sfolls
in such a way %%?%ﬁ% régﬁigag? g %¥£§?@po?§§§?10 ?ﬁﬁ?%%#?gféﬁﬁz ne?gggThe
nelt is prepar®RFYaRFkdi }FnQbFﬁénﬁ%lV@ﬁﬂw?ﬂfn8fnGﬁgpﬁ?yﬂ%ﬁ?kp%ﬂﬂﬁb@W@ﬁ@§sof t he
mat eri al under (.anditheo prestxtkeindg agsblymlediat ahdsthadoshamridedvi ces such
as extruders 4 XEs a d; f o i ces Al

descri ptions ﬁl%ﬁ%Ee%eﬂ?nggg‘ségdﬁgr %rﬁrlgggég'caﬁh%%%urﬁ?ﬁ#e aSFgr 83
of "Handbod® cﬁrq}ﬂsé%kedwaﬂei[?ﬁl-ssafm@ghnol ogy" by Irvin I. Rubin and
publ i shed by John Wly and Sons, Inc (ISBN 0-471- : !

To prevent premature polymerisation of the plasticiser
monomer it may be useful to add additional inhibitors to the

system. - Most commercial -monomers are provided with
" inhibitors to prevent polymerization during handling and
15 processing. The level of such inhibitors should be
increased to compensate for the time'spent under the
~polyolefin polymer product forming conditions, i.e. the
conditions used to form the base polyolefin polymer into a
sheet or some other sh;pé or configuration. In this
20 connection the temperature is usually theimost'Significant
factor, but other conditions may also be relevant. Thus for
example stearyl méthacrYlhte is commercially provided with
275 parts per million (ppm) of the monomethyl ether of
hydrogquinone (MEHQ). Depending on the times and temperature
25 involved 1000 ppm MEHQ, or more, may'be needed. Inhibitors
from a wide range of chemical families made be used for this

purpose.

The polymeric system and the monomeric system can be
combined in a'variety of ways to give a low viscosity
30 plasticised material that can be used to manufacture many
types of products using several different fabrication
‘techniques. The combination of the solid and liquid
components can be done.in?any suitable maﬂne: e.g. by using
- a continuous or batch mixer, various types of continuous'and
- 35 batch blending devices, and various types of extruders. In
- all these typesﬂof equipment the.sqlid components are mixed
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09634-2) The fl oor covering structure, which is the subject of this 30
I nvention, can also be prepared by nelt extrusion. In such a process, one .

or nore poI yaer grs can be applied to a continuous gl ass fpichignoselisssn a "
Single ext r u¥Pf 8é ration. When co-extrusion is used to provide multiple

| ayers in a single pass, a separate extrudersis used to feed each nelt 35
to the sheet die block. Extrusion operations can be interm xed with other
processi ng st eptogetpeepati sgffiheidnitnalemperatune candgritdx fufifdcigngl sbsaveb

;g;/ggg;?gggggeQ.chwgbgglQé@ﬂgdlﬁtﬁLMJtlve and dlspersxve m1x1ng Theb
- - "and,encapsu ase a e
| ayer in singl e Idgud& I]'ESIIBFII' ‘é%e r%olt&e 5e53§ﬁ g m?r%’l'? reeec?n gﬁn’g k8
This structure tdimsolse beespbimcipal olympriat Compenents Aard(toowbdabn a
single layer ? ' daﬁqgg ?ﬁu@f&étﬁﬁﬁﬁ1 g and HQE&E@&l&éGﬁEi&H& d%a%h20||0“’the_

application o wear a er rn et a_continuous or. di us
fashion. This tr‘é’&ﬁ%ﬂﬁ‘@-ecﬁal“ﬁmé%%ﬁ]é@%éhﬁ ﬁ&ﬁ“#bﬁ%c 1‘b’gf &;‘ﬁs%g g
| ayers contai ni raqfs(ﬂmnueai:hbhomm sty enttempedaturer tisst i retiainsofchiéayer s

gontaining cf 0syldduivad. BYRIANEy Ak Wi lelbkigaty Heéfrﬂbfdfﬂaqc dbt

devel opi ng t he erln structure roug e use
spreadi ng appr od&¥m.as thgmemlftlgm &4 ll 3susallyabe bin She fFod |3r9 §60pe
t hrough the wge 1@fpefligi ti ve and/ or pernmanent processing aids or
plasticizers. This involves the addition 15 of a liquid or liquids to the

vari ous polyolefln formul ati ons used to nmake the discrete |ayers of the
final . It will be apprec1ated that polymerisation of the

polymerisable liquid plasticiser will result in the creation
of polymer chains which extend through and interpenetrate B
the previously formed network of MPO polymer chains. Where

15 both the MPO polymer chains and the polymerised plasticisér
are cross-linked then the two polymer materials captively _
intefengage eaéh other forming a so-called interpenetrating
polymer network (IPN), whilst if only one of these is cross-
linkéd, then the non-cross-linked polymer chains could in

20 principle be pulled out. The latter type of material is
conveniently referred to as a semi-IPN. Such IPN and semi-
IPN materials, whilst having generally similar physical '
properties to those of the other novel materials provided by
the present invention} offer further advantages in terms of

25 improved stain resistance and/or increased resistance to
solvents both during installation and in use of the floor
coverings provided by the present invention.

ﬁxample 1 - Preparation of uuit;-zaxeg Floor Covering Using
calendering '

30 A floor covering structure is prepared by first developing
three layers. in a continuous melt calendering operation in a
first stage production line (see Fig. 1). In this
operation, a continuous glass fibre mat is fed .into ar
through station calendering line. Each station is fed by a

35 separéte melt mixer. At the first station, the glass mat is
saturated with composition A. In the next station, the
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structure. Such an addition can be used to | ower the tenperature needed to
obtain the viscosity needed for good processing. For exanple, mhite spirit,

petrol eum e 20 mineral spirits can be bl ended with g n
| ayer systewgoﬂ‘gl heat and shear m xing to produce a hom)genous ?’lﬂf\sfsg

viscosity material which can be processed ag & | ower tenperature than woul d
ot herwi se be possible. This is a fugitive systemas the white spirit or
ot her plasti ci f&ckiBgelaperat esmposihidre Bsuisasppbied he Iot rthet therafter the

system has beertaRibnedenEr feéﬂﬁabiey 14;;& veeﬁPbgﬁeﬂlmé € i§Ply @Ftueﬁ ot hgL
pl asticiser is caQtured cond e sed, and I‘ECé Aternativ

non-vol ati | e | SYF8mplEsERER skAKeTL i, Ofs 3 FRKRJUB ¥4 1Y & ﬁ@P&FaBPI ) can
be used. In thiopezgtianethibesystan tiisncfefll thhrou@lwemmrﬂ:m:igcuuhe whéte a

retain this SRBEbikeatolaBRIR AN arhTRANER! tnd! H5thaiN Myedl Tugi 4T Ve

and per nanent s can ran dl tives can
extend from 20('5‘&76%8 PEQEe?ﬁ’a‘?’H Eﬁ)ﬁefbn t&%?ﬁhﬁt%ﬂ%t%n&ml?offéﬁl hntonpst
.desirably thoughngher melt calersiutimgoeitpttonsihl £ gEaAid etage. pFB8uction

- polynerisabl e gligst hﬁaSﬁos,gD%}ﬁmaras tg}aatzo ngg%bzgg%émn (%%%o%g'_ancg)vm t h the.

present i nvention are at are -
PCT/ GB95/ 01855 thepgalendering shadiianha FARAT povy rR9atcoReBPeRitiPnob, tie -

pol yol efin IHOdppH.J.eEIhGYImaﬁda rﬂitrsta&dn\éoafdtﬁ@rdwéd ywh%h hs §9| Y&‘dl?‘cs for
ensel ves

t he i norganic n or_for. ot her .conponents

al so be pol yrre?'ggpgrg g%“ WL B85 |18ng %c'f‘é"iﬁ'urﬁ%g &i ﬁéc"’bﬁ"gﬁ%‘?ﬁ St and

some conpat i bi FP9EG stheneecpandable layer foams. The final product is then  ,
collected on a take up roll. '

The compoéitions of the various layers are as follows:-

15 A. (Saturant Laver) g . PHR

Exact 4038 MPO Resin _ : - 100
Magnesium Hydroxide Fire retardant
inorganic filler : - 60
20 'Dicumyl Peroxide ffee radical source for
croslinking polymerisation ' 2

Irganox 1010 hindered phenol thermal
stabilizer for revefting polymer

25 degradation manufactured by Ciba-Geigy
Corp. | - 0.1

- DSTDP (Distearylthioldipropionate)
thiocester secondary antioxidant for

30 preventing polymer degradation 0.1

Ultranox 626 secondary antioxidant from
Berg-Warner Chemicals ? 0.05
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mononers will, in general, have a |l ong segnent that is "polyolefin Iike"

wi t.h an end group that is capable of free radical polynerization. Typical
"pol yol efin égblgg 4431 ructures are hydrocarbons with ten or nopeTAE01Rss
atons, 10 an exanp es of such groups would be lauryl (Cerr]Herr]) and
stearyl ((err]Herr]). Such structures can2be-linear, branched, or cyclic;
depending in part u?on the structure of the polyolefin. The terninal

pol yneri zabl e g oup i npl e unsubstituted doubl e bond, such as in
1- dodecene or a 15 nExactanﬂ&a<tnnt such as a nethacryl at @poas in stearyl
met hacryl ate. . Al ong er nonomer or nonone conpounds
that generate free rﬁ%§ %s at é&g?éd t enper at ures and o%??onally

crossl i nki ng nonomer%:#eR Ebe(t@:?&d batriperery) AntaneyfEesg products and to
provi de enharged prOﬁ@di¢é&5sodM&EchbQESEﬁktﬁgfree radi cal generators can
be used, but materi oxi de, ketone peroxi de, pergxydi carbonate,
per oxyester, hydropgééﬁ#%kéigz %eroxyketal famlies are of gartlcular use.
Also of utility 25 afegararld10c| asses of azo conpounds and 8-%ariety of
photoinitiators. Thepghsw acteri stics needed in these conpoungsii s that they

are substantially nop:pol ynerj sable i.e. remain essentially nt during
the initial m xing, @5ﬁﬁﬂﬁﬁﬁi 3, and product. fabricati-an pro eggabut can be

30 induced to produce free radicals at a rate that wll initiate a
pol yneri zatiggp e EEJQ&QQEEE%SE_ when the tenperature is increased, or
when exposed to the ap roprla diation. For exanple a material such as
t - butyl perbenzoate  life of over 1000 hours at 3088 C, 35 while"
having a half life OWOIIEE;ddtﬁQ Righnaspecttrafi® Galkdua pol yner/ nonomer
system contai ni ng Suﬁ£¥£§ﬁifyakhakggnkgrcing filler 30 B
Aluminum Trihydrate flame retardant -
15 inorganic filer : : 30 !

Azodicarbonamide chemical foaming agent
(giving off nitrogen gas) : 2
Zinc Oxide for lowering decomposition
temperature of Azodicarbonamide to reduce
20 ' polymer foam temperature 0
2,2-bis (tert. butylperoxy) Butane 2
Irganox 1010 | 0.
DSTDP | 0
Ultranox 626 0
25 Luchem HA-B18 polymeric hindered amine
light stabilizer from Atochem for
preventing polymef photo degradation © 0.15

D. (Top Wear Layer) o
- Exact 5008 o 100
30 Vinyltriethoxysilane, providing
additional crosslinking toughness and
solvent resistance
2,2-bis (tert. butylperoxy) Butane
Luchem HA-B18
35 Irganox 1010

O O N &
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woul d be possible to process the systeminto the finished product form.
‘(i .e. shape or configuration) at 100 C and then PCT/ GB95/ 0 1855 WD
_ 96/ 04419 - @695/04&‘1’5e the systemby a brief exposure at 160 pcri¥B64k1855
pol yfuncti onal” ‘nonomers are included in the systemthen a continuous
crosslinked polymer system can be forned-fzomthe nonomer. Qptionally
addi tional radical generators can 5 be included that will provide cross
linking of the pre BS&BR ing polyolefin system A Senmi-I1PNO.1
(inter-penetrating yedipdHd® 628 obt ai ned when one of the co-gpo#si nuous -
systenms (i.e. the pre-existing polyolefin and the polymerised plasticiser
nmononer) is crosslinked. VMen both systens are 10 crossllnked an |PNis
formed. To pr ' fYjeas @rin

may be useful éﬁtégkidg&%%?gpnal |nh|b|tors to the systen1 Most coﬁﬁer0|al
ed W

mononers are provic i nhibitors to prevent polynerization during
handl i ng and 15 processing. The |evel of 'such inhibitors should be
increased t6 cimpememtle 2or theesameesspericinglef sheppoand| statiqrd yarer

product forni ngsgLpndl ti Inomﬁgls 1l h@x&é’é\g'éﬂa‘%”%aﬁﬁegpbi’lé%ﬂﬁ @cabﬂ%%

pol yol efin polyner. into et of _some ot her, shape_ or I guration.
this 20 connecteRtvaf & &®dér gprpading lﬁif&]alt}"f’hgaﬁﬁ§¥ Ehamid RSk fact or
but ot her condidiexderinyg dpepabioriel epiconposition eRaapl ecisd efvud

met hacryl ate 'fag%mr Clele! LaREOXLIGS WAL 36°pRBELSoPFaftidd Y1 RRW Of

t he nononet hyl
10 20 parts of monomer X980 (a crosslinking monomer from Rohm &

Haas) are added to each of the four formulations. -

It will be. appreciated that various modifications may be
made to the above described embodiment with out departing :
from the scope of present invention. Thus for example

15 Electron Beam initiated crosslinking'can be an alternative
or supplemental process to chemically initiated
crosslinking. Such crosslinking can be accomplished by
subjecting a'sample to high-energy electrons at a dose of"
~about 6 to 8 mega rads over a 30 second to 2 minute period.

20 The addition of a reactive monomer such as methylolpropaﬁe
trimethacrylate (TMPTMA) at about 2 to 5 parts is useful to
get a good result from this process.

Example 3 - Individual laver formulations
The following polymer resin formulations have been prepared:
25 A. . (Clear coat laver) . o - PHR
' '~ MPO Resin Engage EP8500 (Dow Chemical Co.) 100
(MI 5.0, Density 0.87, DRI 0.5)
'Irganox 1010 Antioxidant Stabiliser 0.05
_ BHT Antioxidant Stabiliser : 0.03
30 2,5 - TRI Cross-Linking Agent 0.1
B. . (Foamable Gel Laver) o - PHR
MPO Resin Engage EP 8500 (Dow Chemical Co.) 100

Whiting filier (generic) . 15
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hydr oqui none (MEHQ . Depending on the tinmes and tenperature 25 invol ved
1000 ppm MEHQ, or nore, may be needed. Inhibitors froma w de range of
chem cal fanjlijgpqgde be used for this purpose. The pol ymer ipgriopbgigsand
f he ‘nonomeri ¢ system can be conbined in a variety of ways to give a | ow
viscosity 30 plasticised material that cam [ wsed to manufacture many
types-of products using several different fabrication techni ques. The
conbi nati on of the s&PdPARHiPY RIPEAHABRERAEL can be done in any Suitable
manner e.g. by usingzdineobkitgoPSaminddatalyisxer, various types of 1.5

continuous and 35 ba#&Q Rkﬁﬁdb¥9§%§¥%§ﬁ§gziqgnngh§8§eﬁ€pes of extgéfers

In all these types of "equip onents are m xed
96/ 04419 Irganox 1010 Stabiliser PCT/ GB95/ 01855 - 25075

t oget her at ssfflC|e@smbpn§gagiy&ggﬁuuivmth sufficient shear to acly gxe
both distributive an idis introduced at _the

ersjve mXxi .The |
needed tenperature a% gﬂ #%Ffﬂgﬁxﬁ¥k¥ﬁPﬁéAﬁFﬁﬁC|pal pol ymeric c8nﬁ8nents
and to obtain 5 goodFdrsbrabetIENBrﬁlamﬁ;ngmdrdasper3|ve m xi-ng of ®he

i nsol ubl e conponent s aWiek RohPeok £de!l f1dMe etadaanbe fluid systemis,then
hel'd at a tenperature that retains the required fluidity for the

fabrication of the final product form In general this wll ususally be in
the from80 to T3 17Sk&nragt lavey) | be appreciated that pol ynmer PgRti on of .

the pol yneriggbl e 'i.ﬂbbdnﬂlsﬁﬁt%ﬁéa%fée 2 ld500°3Bbl eﬂeﬁf@afrc%at)' On,@p polymer

chai ns which extend %ﬂggugh an penetr at
_ g filler (generlc) 50
Irganox 1010 Stabilizer 0.1
Zinc stearate Flowing Aid . 0.4
D. (Selid Backcoat Laver) | PHR °
5 MPO Resin Engage EP 8500 (Dow Chemical Co.) 100
' Whiting filler (generic) o 200
Titanium oxide pigmentation component . 4
Irganox 1010 Stabiliser ' . 0.075
DSTDP Stabiliser = _ 0.05
20 Calcium stearate Flowing Agent 0.10
' Firebrake (TM) flame retardant . 5
Antimony oxide flame retardant ' 4

4 - dividu Layvyer Formulati

A further set of polymer resin formulations is prepared as
25 in Example 1 above but with Dow Chemical Co.'s Affinity SM
1250 as the MPO Resin component in place of EP 8500.

EL_EBLE_E__ B;222ZQ2;QQ_Qi___lEi_LL!LI_EL__I_QQEQELEQ_HELEQ
~Multiple Spreading

- A floor covering material is prepared as a four layer

30 structure by a multiple spreading application technique. At
an initial station a glass fibre web is saturated with
polymer having composition A at a temperature of
approximately 100°C. At a separate statiop a back coating
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the previously formed network of MPO pol yner chains. Where 15 both the MPO
pol ymer chains and the polynerised plasticiser are cross-linked then the |
“two polyner materials captively interengage each other formpeg gposgigsal | ed
i nt er penet r QP48 ymrer network (IPN), whilst if only one of these is
cross- linked, then the non-cross-I|inked-pgbyser chains could in 20
principle be puI |l ed out. The latter type of material is conveniently
referred to aScﬁ sefipokPhlioSuE hid Rgpdiedstai the Phptarrdigfes ofwithest havi ng
general ly simil P,BQA.LSFSELrQEQ&JE&JFa!s%waB &EOéﬁpﬁéxiﬁ@cﬂw%oﬂ@yelAﬂat eri al s
eséen

provi ded by th& I nventi on, furt vant ages in t ﬁf
i mproved st ai na|“@§P§Faﬁ€Ea§%ﬁ' sftatione fbeqt ?@@?E}%?Pcae‘ §o SERPEREE 8Bt
during install dls appandai to usite ofo eidel ofr theveolyms pradwirasedbylake

present inveption, ggxg{sg{rsximati’f &%foa&' ory. Q{ecl\éyatt'lvleaﬁﬁ{:tgtﬂois Goyés i ng

Usi ng Cal endering oor cov structure, is pre4oare first
devel opi ng t hr @ingedr yrpn theoina 1ager wsivdfer§ ‘f&’ﬁ‘[b’@t"’ét PEAnEing

first stage pr%ggnthgaeeﬁﬁmﬁlzl Gn bhe bp séverapeinis olbenzoteitzolays

gl ass fibre nat fe t hr ough [ Each . |
station is fed tﬁﬁ&é‘?&%’éfnﬁ& qu %%gb ?ﬁ?ﬁ?ﬁi%ését}gsﬂhgg%g %tghe gl ass
mat i s sat ur at gaodutk aoqpemmabrdebossnnghefﬁeqt %P%F! ifapminge  Inyg

96/ 04419 14 further separate coatmg step of the é@%{ @&55 Wgﬁr
backi ng | ayer, .conposition B, 5_ ‘é g | aQn
. foamabl e | ayer 15@’&@8& FPBH°%1t’r%“ zﬂgﬂﬁ 8griif s g‘rT ?‘3%5?? &5 on a
take up roll. lapprokématelg 100°C. The structure is. then passed through a
o oven system to crosslink the layers at approximately 170°C '

and then expand the foam layer to approximately 200°C. The
15 final cured, decorated and embossed product constitutes the

' floor covering mat_erJ.al.

A. (Saturant Laver) T : g PHR

Exact 4038 MPO Resin' ' 1100
‘calcium Carbonate = ' 66.7
20 Stearyl Methacrylate (settable plast1c12er) 90
Trimethylolpropane trimethacrylate '
(settable plasticizer) : 3 ' 10
" Lupersol 230 (free radical polymerlsatlon
initiator from Atochem) 5
25 Irganox 1010 ' : : 0.1
DSTDP o - 0.1
Ultranox 626 : - C - 0.05
B. (Backcoat Laver) = - . PHR
Exact 4038 , 100
30 Calcium Carbonate . ' . 300"
Stearyl Methacrylate R o 920
Trimethylolpropane trimethacrylate - 10
Lupersol 230 S . - 5
Irganox 1010 - ' 0.1
35  DSTDP - - - 0.1

Ultranox 626 o _ : K ~ . 0.05
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operation this systemis fed through a printing |line where a 5 decorative
design is applied to the foamable |ayer. In‘athird processing step, this
printed matgrial i fed into single nelt cal endering stati onpé-f;cgﬁ,sﬁﬁgg
stage produc |on f‘l ne and then into a two zone oven system (see

At ‘the cal endering station a clear top coat3zicenposition D, is 10 appl i ed.
In the first zone of the oven, which is at 160[err]C the crosslinking of
each | ayer occu®s; (Epamablecdayeryone at 190[err] C the expandakPHR | ayer
foans. The final progitgde ispoighen collected on a take up roll. T{gy
conpositions of the yarious |a ers are as follows:- 15 A (Saturant Layer)
PHR Exact 4038 MPO éﬁ; um Carbonat 100 Magnesi um Hydr&&ide Fire
retardant inorganic Stddmyl- Methacrylate 60 20 - 9@ cunyl

Peroxi de freg radi cap, iz@.g Rk QRéH:Pﬂ R sati-on
2 lrganox 1010 hi ndere phgqo 8 ° rmal staega? 2& for revert| nglz)ol ymer 25
degr adat i on. manuf actlth a Gel gy Corp.

0.1 DSTDP (Di st earylctehlld@jedi m‘omt:néﬁiealtﬂmmﬂatgeagﬁatondary ant i oxi dant for

30 ~ preventing R dation : 0.1 U tranox, 626
secondary anti oxi dan lﬁé?g garner Chenlcals 4 0. 05
WD 96/ 04419 Zz.nc OxJ.de : - PCT/ GB95/ 01855 - 27 -
10 Luchem HA ~B18 0.15
Irganox 1010 * 0.1
DSTDP ' ' - 0.1
Ultranox 626 - -  0.05
D. (Wear Layer) ' PHR
15 Exact 3017 | 100 ’
Stearyl Methacrylate : - 70
Trimethylolpropane trlmethacrylate - 30
Lupersol 230 ' : S 5
Vinyl trimethosilane ' ' 4
20 Luchem HA -B18 g 3 0.3
Irganox 1010 : ' _ 0.1
DSTDP ' o o 0.1

Ultranox 626 - ' .o p L 0.05
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B. (Back Layer) Exact 4038 o 100 Magnesium
FNdrOX|de hﬂw' (tert. butyl peroxy) Butane free

2 Irganox g{ﬁ%&oiﬂwce cro $"ms'$k"c'ﬁ&cﬂ9ﬁyne 'Sat ' 0“ PCT/GB95/01855

0.1 Utranocsas - o, LT

aspect ratio cal ci um metasilicate rei nf olGLiAIYSti| | er 30" Al'umi num

Trihydrate flane rﬁtéhgéﬂtmééerlal suitdankerf 1b€rin or as a floor
30 Azodi car bonam de ,chem cal foamn ageng%g#w n off ni_t r.ogen

2 Zinc Oxide f&PVESHEF; AR JETBRLLRY SPTr " AZbdTE %ﬁam de to
reduce 20 adqmikpoee ot aenbeastt wne additive comprising @ illerbis

gtirESngtylQe&ﬂ%¥£1ﬁuggﬂﬁ polyalkeﬁé'ﬂé&iﬁoﬁaéoéqrelatlvely narrow

Ut
'0.05 25 MeeSHHLAR- BEBQ$BI%F’@%WGeKEHDén?% 1§ ran%ét zi‘B‘i°|uP§'ePff rom

At ochem f or pramm@tbnglnpakaﬁemlmduﬁnm.@E@ﬂadadlbﬁ a s;ngld)smteDcat@Ippe&éar
Layer) Exact Sggﬁgmerlsatlo .of at (}east one, lin fo)ﬁgénche or cycléc.

Vi nyl'tri et hoxysilane prov ing additional ¢rosslinking toughness™an
alkene hav1ng from 2 to 20 carbon atoms. :

10 2. A sheet material aédo:ding to claim 1 wherein said
polyalkene is one having the following charactériétics:

a) Melt Index (MI) of from 0.1 to 100 . {
b) Density of from 0.86 to 0.97; and :
c) a DRI of from 0.1 to 6.0, preferably from 0.4 to 5.5.

15 3. A sheet material suitable for use in or as a floor
covering and_comprisingia'pQIYalkene resin in intimate
admixture with at least one additive comprising a filler,
wherein said polyalkene resin has a relatively narrow
molecular wéight distribution (MWD) and, a small amount of -

20 1long chain branching and produced_by a single site catalysed
polymerisation and having the following characteristics:

a) Melt Index (MI) of from 0.1 to 100
b) Density of from 0.86 to 0. 97, and ,
c) a DRI of from 0.1 to 6.0, preferably from 0.4 to 5. 5.

25 4. A sheet material according'to any one of claims 1 to 3
wherein said polyalkene comprises a copolymer produced by
copolymerisation of at least two alkenes comprising a first,
linear or branched, alkene having from 2 to 8 carbon atoms
and, at least one further, linear, branched or cyclic,

30 alkene having from 2 to 20 carbon atoms.

5. A sheet material according to claim 4 wherein said first
monomer comprises ethylene and said further monomer is

selected from butene-1, hexene-l1, and norbornene.

6. A sheet material according to claim 4 or claim 5 wherein

' SUBSTlTUTE SHEET (RULE 26) This Sheet Has Been Re|ilaced
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‘sol vent resistance 4 feer Risatmet t. butyl peroxy)
i T
PCT/GBQS/01855 - 28 - DSTDP 0.1

U franox 626 ~ (Y5 Exanple 2 - Preparation of
Ml ti-Layer Fl ooy vering Using Spread-Coati 5.l.n_ex le 2, the, sane
sequenci ng of st’e%susfﬁ{j“&z}ﬂ H mg?«a %%%‘EF%S c&g sé%gnﬁ}uéggg SLRPEET {4+ each
application station involves a nelt spreading operation rather than a nelt
cal endering operf!iQ.gnbit GAERLEALI &8cSfd 24 emanyouﬁelayeeﬁel é&@dﬁ@m

except that 80 parts of l ex 215 nononer
crosslinking m Wﬂﬁﬁé&ﬁnﬁ&?éﬁ%&?eEuQ?Eﬂﬁﬁéi FBmgﬁéﬁeﬁfa?he o&ﬁaSt
formul ati ons. | tsem'ui-} hmteErpeaetaatiing heetwank @fs saddi potyslkense rmyd e made

to the above ge(s%cgi'%& %nggggf_mﬁggﬁgl ihiig §5QHI& NS

present inventi exa ron Beam i nitiated crossli nkl ng

can be an al t er TRRRQREL, SYSEEH E’H%ﬁ’c‘a%s PPeREANYIG 1K RAPRIPP{Y PN 1520 R
crosslinking. Sushaer adeth fopfiifgNcdrd BErmP isedednbgleob] esvéring stragy €

Lo high-eneray ehAcddafis jahy2alife thnfPA ndin lindBaRei 2Ry OVer a 30

second to 2 minute PEFIO e a react|veé nomomer such as
met hyl .ol pr opane Rolynenisablessubsgapeniply £0 RAfofe Preguseparmatesriakeful to

get a good rasul sgubsiAtiAIIYyPERERSES 1liquid plasticiser.

8. A sheet material according to claim 5 wherein said

plasticiser monomer comprises a linear, branched or cyclic
alkene having at least 10 carbon atoms and a polymerisable
term:l.nal functlonal group. ‘

15 9. A polymer resin-based floor covering comprising at least
.one layer of a sheet material according to any one of claims
1 to 8. ' '

10. A floor covering according to claim 9 which has a
plurality of layers comprising a structural layer ¢omprising
20 a reinforcing carrier or substrate impregnated and/or coated
with a saturant formula; a solid backcoat layer; and a clear
~ protective or topcoat layer.

11. A process for the production of a sheet material
suitable for use in or as a floor covering which process
.25 comprlses the steps of: _
'prov1d1ng a polyalkene resin in accordance with any one of
- the preceding clalms and at least one additive comprising a -
filler ; .
bringing said polyalkene resin into.intimate admlxture with
30 said at least one addlt;ve in a high shear mixer for a
period of at least 10 minuteé at an elevated temperature of
at least 75°C for melting the polyalkénes and sufficient to
. bring the mixture into a substantially fluid state without
substantial degradation of the mixture; —F7i—uw—

semseraz TG



formul ati ons have been. prepared; coat | ayer
PHR MPO Re5| n En e EP8500 . _ .) 100 (M 5. &T,@gmgqy
0.87, DRI ‘gélgnox 1010 xAWt‘ W St abi | i ser BHT
Ant|OX|dant Stablllser , - 34 -0.03 30 2,5 - TRI )
Cr oss- Li nki ng Agent . 0.1 B. (Foamable CGel Layer)
(PHR MPO ;?e5| n Eogmipg FEh& SO Do xEussi $REOC Gy, heet Forwii andg filler
generic allowin 52 d sheet tdocool VEh@OOMAFy.
PCT/ GB95/ 01855 - %3 g omnng agent . (generic) Y. -3
Zi nc oxi de Foam ng Catalyst - 1.5 Titanium oxi de
pi gnent ati on cagpomeptocess according tpgabaim 10U ovlgickbiincdudes the step
0.075 5 . b4y into the mixture a sheet formation 0.05
Cal ci um stearateDlliTl @ﬁ i\ % 0.10 Firebrake (TM fl ane
. retardant proce551ng a1d.5 Ant i nony oxi de f1ane r et ar dant
4 C. (Saturant Layer) PHR 10 MPO
Resi n Engage EP,8500 Cherd | | kgr |
50 1 r ganox 10133Stg {%ég# dyﬂlngotz cl&ﬂﬂ fyléf'aia}h h?nwﬁgfggééf%f
Flowing Ald sheet forming process sgep epmpyizgs oPPB'geE‘csaﬁtEa?er)
PHR 15 MPO Resi n Engage EP 8500 (Dow Cheni cal  Co.) 100

14. A process according to claim 13 wherein is used’'a liquid

Exanpl e 3 - | ndividual I'ayer" f or mul at4 g@t\‘ e foll OWI ng H!Illu‘rm““l‘ "mm“‘
31 nee

plasticiser spread coating aid. | . (

10 15. A process according to claim 14 wherein is used a 1iquid'
paraffin spread coating aid. L
16. A process according to any one of claims 12 to 14
‘wherein is used a selectively polymerlsable 11qu1d
plasticiser monomer system which is substantially non-

15 polymerisabie under sheet forming conditions used_in'floor
covering sheet material manufacture whilst being
substantially polymerisable subsequently so as to produce a
material substantially free of liquid plasticiser.

17. A process according to claim 16 which process includes

20 the step of treating the sheet form material so as to induce
polymerisation of said liquid plasticiser monomer system
thereby to produce a sheet material substantially free of
liquid plasticiser. '

'18. A process according to claim 17 wherein said sheet
25 forming step'is_carried out at from 70 to 120 °C and said
polymerisatibn step is carried out at from 150 to 250 °C.

19. A process for the production of a floor covéring'
compr151ng a plurality of layers comprising a structural
layer comprising a relnforclng carrier or substrate

30 impregnated and/or coated with a saturant formula; a solid
backcoat layer; and a clear protective or topcoat layer, in

This Sheet Has Been Reﬂ!aced :
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X“.“QE;R?aI: LLGLO%%RSL ﬂlllll I A ganoa SHEETAS B F‘,”'szi“ oxi de

0.075 DSTDP o35, _D. 05p2fcRosin1sss
Calmumstearate FOWI ng Agent 0. 10 Flrebra e (TM flane
r et ar dant 5 Antinmony oxi dg Ll ame retardant

4 Exanple 4 - Individual Layer Formulations A further set of polyner resin

fornula;;ons |swmaepapedcaSSZStlIe&é@maﬁeeof Bbmﬂeliyﬁrﬁvi§1 uEQa”bgaE
Co A nit n EP 850
Exan;Ie 5|-|P?eggkgéggnagFggﬁik?qi #nﬁﬁggpecggé g}iﬁ% vul ti pl e

Spreadi ng A floor covering material is prepared as a four Iayer 30 ,
s:rtjcture bly a zol.tial preaéeachmmmgl Qat t:QEJ.ineil.@nfé&'&:heA\tpr%Guth.Eahaban t
station a gl ass e yner havin Qsi tion a
a tenperature of f1|agi.r o§?§rﬁ gL g?g%s%rb%r yeerstﬁ‘t"lc 15 pggped,
coating V{ﬁg@mgg 19rocess 1nc1udes the step of producing a said foamed
PCT/ GB95/ 01855 13¢@erQef conposition B is applied to the bottom side of the
pol ymer saturated glass web at approximately 100[err]C. At anot her
separate station the foamable |ayer, conposition C, is applied to the top.
side of the polyner saturated glass 5 web at approximately 100C. A
decorative pattern is then printed upon the foamable | ayer using a
continuous printing process that enploys, in one of several inks,
benzotriazole, to deactivate the accel erated foam ng systemthereby to

—_—
This Sheet Has Been R.

T

SUBSTITUTE SHEET (RULE 26)



produce a chenical debossing effect uponfoaming. In a 10 further separate
coating step of the process a clear wear |ayer of conposition Dis applied
to the foamaflgodedy@r at approximately 100[err]C. The structl;g.l%ﬁggmigggn
passed through a oven systemto crosslink the | ayers at appr oxi matel
170[err] C and then expand the foam | ayer to approximtely 200[err]C. The 15
final cured, decorated and enbossed product constitutes the floor covering

material. A (Saturant Layer) 1-2 - PHR Exact 4038
MPO Resi n 100 Cal cTrum Car bonat e

66.7 20 Stearyl Met hacr?rl ate (settabl e plasticizer) 90 pon

Tri met hyl ol propane tri nmet hac Settable plasticiyzer >

10 Lupersol 230 (free~¥gdicalf i sation initi atg

5 25 | rgano»x=1010

0.1 Utranox 6267
Layer) Exact 4038
Car bonat e

90 Tri met hyl ol propams
5 ‘I rganox 1010
0.1 Utranox 626 . . : ~

i e | at e
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“WD 96/ 04419 ' PCT/ GB95/ 01855 -31- C

(Foamabl e Layer) - _ PHR Exact 5008

100 Cal ci um e 66. 7 St ePCHEBISN01855
-Met hacryl at ﬁwﬁm% 90 5. Tri met hyl ol propane
trinethacryl ate 10 Lupersol 230 5 Cel ogen OT (chenical BI ow ng -
agent from Uniroyal) ' : 4 Zinc Oxide

2 10 Luchem HA - B18 o 2—2 0..15 ‘I r ganox
1010 : o 0. T DSTDP

0.1 Utranox 626 | o 0.05 D. (Wear Layer)
PHR 15 Exact 3017 0 Stearyl
Met hacryl ate . ?.,. on70 Tri et hy I -
trimethacrylate —3Q |Lupers§ 230 5

5 Vinyl  trinethosilane S N ' chem HA
-B18 - 22 SN 0.3 1rganox 10 _

0.1 DSTDP N 0.1 U trampx 626
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1. A sheet material suitable for use in or as a floor covering and
conprising a polyal kene resin in intimet¥adm xture with at: | east :one
additive conprising a filler, 5 wherein serAInel yal kene resin-has'a .. .,
relatively narrow nol ecul ar wei ght distribution (MAD) and, a snall anpunt
of long chai n brandhshgetndapenilatesubablei figf euseé t in cox adg sadfloor

pol ynmerisation of at |east one, |linear, branched or cyclic, alkene having
from2 to 20 cep¥eriagoapd compriaingeatpabyalkene sxedini by intinaken 1
which is suitabl e for use ,as a floor coverin onent quer selected from

. fl .CD

a back coat | apepixfure, yithrar {e98t A8 ad¢LhitarcPmpEising g Lhibler,
materi al ac rdhn? t.o clainll.gr i%ain12 L which_the N@D q%¥said
pol yal kene osPReF§LPe§818hRO3Ya kel Regile aﬁa?e??%? Y4 d??ﬁr?% any
use of clains erei aj ' e n avin |
characteristicé?igfﬁlﬁglﬁgkﬁﬁgxh?ﬁﬁ?i%?£¥§ﬁn#%ﬁRPt%n Ooéb§m%£§s%€%$%¥ﬂ$€on1
0.86 to 0.97; aBRdg28nakind R & Ob; & of £¢ - dy *@gae
DRI is an index g? Iongncﬁggﬁcﬁraﬁgﬁ?ng#ﬁgggu?ggg%yécon%g}?n%l%ﬁeéééﬁ% to
the right (duepb@ymek@Ba@iohebXati DBaktBhe, BlREA¥S bPaRcREd VOB cy&Fid,
with zero | ong-chain branching (LCB), in a pfot of zero shear viscosity
agai nst rel axahl@endShaving( febh £roon 20ceasboni atelsty equation). 5. A
sheet material according to claim4 wherein said polyal kene resin has a DR
of fromO0.4 to 5.5. -33- 6. A sheet material according to any one of
clains 1 to 5

10 2. A sheet material according to claim 1 which is suitable

for use as a floor covering component layer selected from a _

back coat layer, a structural layer and a topcoat layer.

3. A sheet material according to claim 1 or claim 2 in

which the MWD of said polyalkene resin is less than 3.

15 4. A sheet material.according to any use of claims 1 to 3
wherein said polyalkene is one having the following
characteristics:

a) Melt Index (MI) of from 0.1 to 100
b) Density of from 0.86 to 0.95; and

20 ¢) a DRI (qu Rheology Index)of from 0.1 to 6.0, where DRI
is an index of long chain branching measured by comparing
thg shift to the right (due to a longer relaxation time),
relative to a polymer resin with zero long-chain branching
(LCB), in a plot of zero shear viscosity against relaxation

25 time (both from a cross viscosity equation).

5. A sheet material according to claim 4 wherein said

polyalkene resin has a DRI of from 0.4 to 5.5.
AMENDED SHEET
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ﬁherein sai d pol yal kene conpri ses a 0588ryner produced by copol ynerisation
of at least two al kenes conprising a first, 5 linear or branched,. al kene
having from2 to 8 carbon atons and, at |east one further, -l.inear; branched
or cyclic, alkene having from2 to 20 carbon atons. 7. A sheet material
according to dai A Ghéat aiatemial faccirdimgoer ahgnphesef elladimene apdssai d
further nononer is 10 selected from butene-1, hexene-1, and norbornene. 8.
A sheet mat er ivdiexRdraf ¥ pal yaliene; compriisien A wopodiymers produced by 15
not e percent of said further nnnoneré;g: 9. A sheet material according to

any one of th&ERTBMRTIFAYIAMOEvAS %W%Héé‘@gﬁﬁt @pmrl lki§dm9r gséiran,
t | t 15 1-, int [ net wor k .of sai ol yal kene and a

e S e T | e B, DOl o e

11 or ARt O Pl TR A B 0 i oS

used in floor coVering .
rRA D WSRAUE K38 Ao Produce a mater al

substantially %Q:é}ﬁi M{%V:ﬂ .
substantially free of liq plasticl ser. sheet material according to

claim9 wherein said plasticiser nonomer conprises a linear, branched or
cyclic al kene having at | east 10 carbon atons and a pol yneri sable 25

term nal functi.ona snéhﬂlmaterii&-abbord&n@ohb”&&aEQSanﬁé§%§nfEg@& first
covering conprising at | east one |ayer of a sheet material according to any

one of cl ai ms mbriamelf).cabfprisdd etrhylene and aaddr dukghe? mbabmetliwhi ch has

a
10 selected from butene-1, hexene-1l, and norbornene.

8. A sheet material according to claim 6 or claim 7 wherein

is used up to 15 mole percent of said further monomer(s).'

9. A sheet matérial according to any one of the preceding
claims wherein said sheet ﬁaterial comprises an, at least

15 semi-, interpenetrating network of said polyalkene and a
polymer of a selectively polymerisable liquid plasticiser
monomer system which is substantially non-polymerisable
under sheet forming conditions used in floor covering sheet
material manufacture whilst being substantially

20 polymerisable subsequently so as to produce a material

substantially free of liquid plasticiser.

10. A sheet material according to claim 9 wherein said
plasticiser monomer comprises a linear, branched or cyclic
alkene having at least 10 carbon atoms and a polymerisable

25 terminal functional group.
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5 plurality of layers conprising a structural |ayer conprising a
reinforcing carrier or substrate inpregnated and/or coated with aisaturant
formul a; a sol 1¥. baskpolymeényresinrhhsed | figoprenwaning: comumisdowy dtayer. -
13. A process for the production of a sheet material 10 suitable for use in
or as a floor t®38E|ARewWhRYEr pPHcesshesfrateriahacqqyding tgany @ingy of
pol yal kene resip (n accordance with any one of the preceding clainms and at

| east one addi?f@émﬁoﬁpF?s}ﬂg a filler ; 15 bringing said polyal kene resin
into intimate adm xture with said at | east one additive in a high shear

m xer for a period of at least 10 mnutes at an el evated tenperature of at

| east 75[err] or Lng Y., nd. siffici Q..bnri t he

m xture into glishb‘gpgiﬁ{:{)gl ?é,J}%fﬁ‘? %éﬁ%f%ﬁt ngu]gg]bﬂalifrlltqlglﬂa%ggar adat i on
of the m xt ure, ' e ' ' s At shestrdor 4
sai d sheet ;5 oe%]c')%?ag%ggsg?i %ﬂi*%l%gl%ﬁ%%%o%&esf ss<:;1ylz':corélirnatgl tlgg 1{: aicérﬁ% f%q' %#%n

i ncludes the siepedhfbREDAGOERETIEr | d¥ GUBLIE B Wipredif@dd faHdfr Ubaa®ed
processing aid. 15. A process according to claim 13 or claim14 wherein the

-35- sheet forwith arsatasant eformuld; esciddshekeddtndaydy; And CY%ar
according to claim15 wherein is used a liquid plasticiser spread coating
aid. 17. A propesteativedongtepcedtailayldrwherein is used a liquid 5
paraffin spread coating aid.
13. A process for the production of a sheet material
10 suitable for use in or as a floor covering which process
comprises the steps of: | |
providiﬁg a polyalkene resin in accordance with.any one of
the preceding claims and at least one additive comprising a
filler ; '
15_.bringing said polyalkene resin into intimate admixture with
said at least one additive in a high shear mixer for a
period of at least 10 minutes‘at an elevated temperature of
at least 75°C for melting the polyalkenes and sufficient to
bring the mixture into a sﬁbstantially fluid state without
20 substantial degradation of the mixture:
forming the fluid mixture into a sheet form; and

“allowing said sheet to cool and solidify.
14. A process according to claim 13 which includes the step
of incorporating into the mixture a sheet formation

25 processing aid.

15. A process according to claim 13 or claim 14 wherein the

AMENDED SHEET
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1s. A process according to any one 0F3érains 14 to 16 wherein is used a

sel ectively polynerisable liquid plasticiser nononer systemwhich is
substanti al | ysheet forying pabtesanstepsbaeprisesi spreaddcdatimyised in

fl oor 10 covering sheet material manufacture whilst being substantially

pol ymeri sabl e subsequently so as to produce a material substantially free
of liquid plasticiser. 19. A process according to claim 18 which process

i ncl udes t he 3fepRoPTEressi AGCPREiBECES FhriRnbPevhareld 38 ¥3°¢ myubiaaid
pol ymeri sati on_of  sai,d I|gU|d Iast ci ser, gnnoner system t hereby to produce

a sheet mat er PAPSEIGISER: FRFPPYs FRATLRY| 2idt d plasticiser. 20. A process

according to claim 19 wherein said sheet formng step is carried out .at
from70 to 120 [err]C and said 20 polynerisation step is carried out at

from 150 to 299 [ & PhGeell 2 e&a§ﬁ§st£0é1£bﬁ ROGHEELER £L s0d o2'1iquia

covering conprising-a pl Graf ayers conprising a structura

conpri sing £ bg&g@q&ﬁlggrggarbgatgﬁgsgpatrate | mpregnat ed and/ or coated
with a saturant fornula; a solid 6- backcoat |ayer; and a clear

" protective on topcoat |ayer, in which process at |east one of said | ayers
I's produced by a process according to any one of clains 13 to 20. 22. A
process accor dsngat prokcass dtcbpdihgetpranycobnenodfchaimél portsoveri ng
including at |east one layer which is foanmed, which process includes the
step of produvhegeinsdsdusednadsedgctively polymerisable liquid
plasticiser monomer system which is substantially non-
polymerisable under sheet forming conditions used in floor
10 covering sheet material manufacture whilst being
substantially polymerisable subsequently so as to produce’a

material substantially free of liquid plasticiser.

19. A process according to cléim is which process includes

the step of treating the sheet form material so as to induce
15 polymerisation of.said liquid plasticiser monomer sysﬁem '

thereby to produce a sheet material substantially free of

liquid plasticiser.

20. A process according to claim 19 wherein said sheet
forming step is carried out at from 70 to 120 °C and said

20 polymerisation step is carried out at from 150 to 250 °C.

21. A process for the production of a floor covering
comprising a plurality of layers comprising a structural
layer comprising a reinforcing carrier or substrate

impregnated and/or coated with a saturant formula; a solid

* [ L M S *
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backcoat layer; and a clear procective ox» topcoat léyer,“in3'
which process at least one of said layers is produced by a

process according to any one of claims 13 to 20.

22. A process according to claim 21 for the production of a
5 floor covering including at least one layer which is foamed,
which process includes the step of producing a said foamed

layer.

_—
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