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. is,in tum, Jacketed bya protecuve outer shell, preferably of HDPE, although steel i is used for. -
" sonte apphcatlons 0pt10nally, one or ‘more addmonai Iayers of’ foam, or other msula’ang
matenals e.g., mmeral wool or ﬁberglass or similar mafenal, can also be mcorporated into
the structure of such msulated pipe. This type of plpe, with an HDPE outer shell, is typwally
manufactired as a single unit by an extrusmn process '
'HDPE pipes, including insulated pipes. with an HDFE outer shell, are economical to

. mannfacture and install, light, strong, and con'oswn resistant. Of particular importance for

the shlp-bmldmg mdustry pre-mmﬂated extmded HDPE pipe is more resistant to penetration
" of moisture into the msulaung layer than are conventional insulated pipes. However, there

are obstacles to wider use of this type of pre-insulated pipe manufactured solely from
_ polymer materials. The most important obstacle is that pipe manufactured from conventional
PE-based polymers, including HDPE, is generally unsuitable for use.in areas where flame



2 retardancy is required. For exanple, the nelting point for HDPE is about
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In additiop, the processing requirenents of, bl ending other polyners into
the HDPECHAdmaE gw@%ﬁ%wafo?mw"ﬁﬁmg tothemipe alieteallaiono m manuf act ur e,

whi ch makes i previous efforts to address some of these shortcomings in HDPE pre-insulated pipes
have required the use of a metaljacketéd pre-insulated pipe for the outer shell to provide
~ flame retardancy and paintability. However, the use of a metal jacket, e.g., stc'ael,t as the outer
shell adds weight and cost to manufacture and mstallanon, among other limitations.
Another way in which the surface properties of ‘materials formed of PE-based:
polymers have previously been enhanced is by i)lending other polymers-with the stock

o]

~ polyethylene, béfore exﬁu_sion, to impart flame retardant properties and/or paintabilit&. For
| example, various products are cmdany available in the form of granules, which, when
blended with HDPE during mannfacture, impart some protection against heat and flame.
However, they all have the disédvantagé that they change the mechanical properties for
polyeti:ylene. In ad&iﬁon, the processing requirements of blending other polymers into the
HDPE adds to the costs of materials, and requires custom mamxfactu_:re, which makes it
- difficult to economically suppfy pipe as required by the end user in the various industries.



difficult to economcally supply pipe as required by the end user in the
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The descnptlons of the patents mentioned above provide graﬂ:mg soluhons for very
spemﬁc purposes, which cannot be readily generalized to other materials. Nowhere do any of
these patents teach or suggest grafting onto solid PE or PE-based polymers, to provide for
enhanced flame retardant propertles and other improved surface properties in pipes, beams
and other sxmﬂar articles of manufactm'e For mstance, U:S. Pat. No. 5,407,728 teaches the

- need to avoid excessive crosshnkmg in the graft coatmg 1o prevent undes:rable stiffness,
whereas in the graft coating of a solid substrate a h1gh level of crosslinking is typically
. desired in order to enhance such properues as, 8.8 flame retardancy and scratch resistance,
. Thus, there remains.a longstandmg need in the art for methods and compositions for
: 'gra.ﬁmg‘selected coatings onto PE, including HDPE and other PE-based polymers, to provide



grafting selected coatings onto PE, including FIDPE and ot her PE based
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such as, for exanple, vinyl rononers, urethane and epoxy prepol ynmers which

are chem dmptoyememsied to the PE surface by the grafting process provided
herein. Broadly, the invention provides for a graft coated substrate that
i ncludes one or nore types of PE, wherein the graft coating is covalently
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coated pi M@mwﬁgﬁ@&@m {oshout 0 949 & 6 ey arerter; Bhsinchuded pplvet Ylﬂnﬁgl e
1oL PP e el G g G A0 R o AL 7 P
a plurali t6yxm ammocentric insulating layers, to nane but a few types of
pipe that will bene Lt tbo&menp%h ora t C subgg’ate is optionally a solid PE. By "solid"
is meant a PE substrate that is not in the form of a filament, yarn, fabric or cloth material.
Thus, the substrate is preferably formed into an article of manufacture, either before
or after the graft coating is applied to the substrate, The article of manufacture'is any article
suitable to be manufactured from material that includes a PE. Simply by way of example, the
article of manufacture is advantageously a pipe or tube, a curved or planar sheet, a beam, a
board, a rod or shaft, a container for solids or ﬂuidéi and/or combinations thereof,
Graft coated pipe according to the invention includes, for example, straight pipe, bent
pipe, a straight pipe joint, an elbow joint, an end-cap, a heat-shrinkable joint, and
combinations thereof. The graft coated pipe according to the invention also includes, for
example, single wall pipe, pipe with a phurality of walls nested one within the other, pipe with
a single insulating layer between two concentric walls, and pipe with a plurality of concentric
insulating Iayers, to name but a few types of pipe that will benefit from the graft coating
compositions and methods of the invention.
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- (b) curing the applied composition.
Optionally, the liquid composition of step (a) includes a pre-formed polymer, suitable
to be grafted to the activated substrate surface, alone and/or in combination with one or more
of the monomer/prepolymers. The polymer is, e.g., a vinyl polymer, a urethane, an epoxy, a
polysilicone, and/or combinations thereof, suitable to be grafted to the PE surface. Ina
further optional embodiment, the liquid composition also includes a colorant such as a dye or
pigment, and/or a fire retardant agent. _
In another embodiment of the invention, the liquid composition is first prepared
without the polymerization promoter, and the process further comprises the step of mixing
the polymerization promoter with the liquid cbmposition prior to application of the liquid
composition to the substrate, which aflows for a longer storage period for the prepared liquid
composition. '

The monomer or prepolymer is a vinyl monomer, a urethane monomer, an epoxy
monomer and/or a silicon-based monomer or prepolymer. The graft initiator is an effective
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and/or combmatlons thereof.

In yet a still further composition, the invention prowdes fora sohd polyethylene
substrate, .g., an article of manufacture such as an extruded polyethylene pipe, that includes
a graﬁ coating covalently bonded thereto, prepaxed by the process the above described
methods.

DETAILED DESCRIPTION
"The invention provides compositions and methods for chemically bonding or grafting
" apolymer or polymers to the surface ofa substrate. The term isubstrate” includes any object

that'is comprised of any PE or PE-based polymer or copolymer, X8 PE formed into sheets,
tubes, glrders, clamps, brackets, folded sheets, and any other useﬁﬂ form or geometric shape.
Opuonally, the substrate is formed of solid PE, i.¢., forms of PE that exclude fabric and/or
- fibrous forms of PE. Reference to "polyethylene" or "PE" herein should be understood to



Optional | the substrate is formed of solid PB, ie., fornms of PE that

excl ude f ¥3¥/ or fibrous forns of PB. Reference t o "PCTARXINNNS6ne" or
"PE" herein shoul d be understood to WO 01/85829 PCTI | B01/01056 7 include
all grades of polyethyl ene and/or mixtdres of PE grades, unless otherw se

speci fi ed n bst i al.l coppri sing no nore than 5% by.

vvgr glhtlélf‘c?ﬂ?r‘?ﬁ%ﬁf é’? ? a@B‘ ngtﬁﬁ ?ﬁ"’ |'9nll Lﬁsg@r?éhWSP@m@dded ory
d,

m xed, OhePEoaB Be 3Gbstartiume! eth rg_,ecbﬁt t h@&&é&@hﬁﬂs%bywa%hé@gg&ggrzny

hout nmeaning to"be

and/ or derivatives of pol

t heory ®plyethylsnamaterials, Mvey,m@bmm.mem&mmgamlmt. ng °
t t bel dt

t ke pi s EombiBisd AR DI pRLRRES Snd bt ortlafirtd SBAFRRIGRL o7 o ymer 1 zat | on

reaction, al mth@tmeenﬂtgtteberboﬁﬁtBbMymeo@orhypdﬂeémmbahy béaat consi sts
of initiatjon and: propagation reactions. Essentially, a graft initiator is

cont act @eecb@mrtntlnéer ﬂ&gre@ngrseaotmeaf@amveohaem eeraitwgmamnm

i 11t GPARRAS it Ankons B i pbishbrip i {Phls bRk PGB Bt o

radi cal ré&uontﬂmefmedttbénﬁwa‘ﬁshybmtﬁig’&éabﬂbﬁ, cohBigtslof thiiation andus f or ned
attack near by car bop bonpds, breakr n t he pol yet hyl ene chai n(s). - -Once the

subst r atFEORgRtianISACtions; Fasendiallya g @aﬂ%tewﬁmaemhthmg&cptpbmeated,

iﬂ? gtrat zdt]%g@[r:ate sﬁrrh?ace "2“‘{%@{%9 vinai’&&%g?ggckh%&% irttve&%ﬁ%%‘?ﬁgletn zi ls

concer nrmgatohmmoveeathyﬂmgegrfaﬁn thed®® sunffee, and tivepé¢dyoiiduces ratidal Rgmiaties i

coatin are i.scu el at.es: PoI et hyl enes And Copol yners As |
not ed gj‘B‘?BPI ﬂ'ﬁl’&ﬁ% J&‘GE@@%@%&‘W y W%M&o al |

grades Ghepél étllﬁ%ﬁe( l?&ﬁﬂ,s?]' Oftd @t %ﬁe'ﬁ%&&hv%%ﬁe%e&lﬁﬁnﬂ?ﬂm

PE- copol rs fornmed ot her .types of polyner
pol yet hﬂﬁ&n@mtbews@atemm@bmedm@ommmm tﬂ)gtaﬁqmlmhmthamsohﬁPE '
(>0. 940 3 b 00 lier.e odrnents of
graft coa?g@ée %o&ﬁ%d%ﬁw%a ]%98‘ a%}H“% WB RFye

pol yet hygreﬂheoatinngEmerdéWammenesébéuﬂhgbwéd&@&hs@&@elbﬁ. about 500, 000) ;
Further enbodi nents of graft coated PE are forned from HDPE- UMW\ Hi gh

density, U tra high m)llecul ar wei ght pol yet hyl ene (>0.940 g cm 3 > 0.0338
| b/ n8,

PRDSIraEes: Lolygihyiey BEAOPOYIRGYS| t | there are useful enbodi nents of -
e v o A e B ol oSG U o, .,
| ow denspalyetipdénes irdehiding dérivatives, and fiddies gn«tBE&oponnieﬁs’ﬂﬁrmed Qithofier1/ & :
types of polymer.
Preferably the polyethylene to be graft coated is a high den51ty polyethylene or HDPE
(>0 940 g cm™ >0.0338 lb/m MW approx. 100000), §
- Other embodmxents of graft coated PE are formed from h1gh density, hlgh molecular
we1ght polyethylene or I-IDPE—HWM (MW ranges fronT about 200,000 to.about 500 000),
h Further embodlments of graft coated PE are formed from HDPE-UHWM: I-I1gh
density, Ultra high molecular weight polyethylene (>0.940 g em™ > 0.0338 Ib/in’, MW > 10°
' to6x10°); '
" .Further still, there are useful embodiments of the invention that are formed by graft
| coating PE-LD Low dens1ty polysthylene (< 0.930 g cm ? <0.0334 Ib/in® ), as well as
" PE-LLD: Lmear low density polyethylene (0.918 0 0. 935 g cm>/0.0334 to 0.0339 Ib/in® );
PE-MD: medium density polyethylene (0.930 to 0.940 g cm™® 7 0.0334 to 0.0338 lb/m:’) and
_combinations and blends of the above described grades of PE.



); PE MD: medium density polyethylene (0.930 to 0.940 g cni 3/ 0.0334 to
0. 0338 | b/ Wx:01/85829d conbi nati ons and bl ends of the above JRCSHIBWBEISGHr ades
of PE. WD 01/85829 PCT/I1B0O11010G66 g In further still enbodi nents of the

i nventi-on, m xtures and bl ends of the &bove described PE with other

pol ymers.are_al so contenpl ated to be advantageously graft coated according
to the invenﬁ@ﬁtheﬁﬁn@;g?mgﬁﬁemﬁ%ﬂmm enégms@f'ii’ﬁr?i]f"éﬁ:tured from
two di : R}B‘t‘r (A | %&QL b Nt IS a
m x of E%)%Eggﬁn%ﬁ%@ﬂ? ) W%%c%ﬁc#op% |§€§03n%§%g#tg thylﬁgr_le l?Qa%/e%a!nyl
acet at e aéZoriAg Jo thednWintibh). Féiodxamplep stainkalble Bihe jaintsrt mansfactnieel frony pes,

I ncl udi ng_pol yet hyl ene nodi f-ied wth_ flexiblge butyl-based.. rubber_ or
pol yner diffrentitynesiof polymers Acéfﬁ‘i_‘&ﬁ" QBipejoiat 15 AIIE of By ang;ﬁ#)‘eci ate

t hat anymst.har eﬂﬁﬁ?&'&l@&ae&a ?q_i,\y ' PEErBap rials
not mn,mh%@aa%gé%&%%%%%e e |t1 om gr’.:g ti nlg )}l%/ﬁht he ]b'rregsﬁlo s&gnd
co rr]E)olS i tof PEsasowelt hsfaomm/tgpes', including potyetisylerde dmaiiﬁéémﬂ;ﬁb)d.bkﬁahutyiﬂnsgl_ar v?a SS
useful suRstrates for graft cogti according to the invention include,
f or exar@?q@fwym’%%@&ﬁﬁ%gﬂg%ag%i pe accessory or fitting. Among pipe
products pr ef - H arERASWHEPePindi drades d¥ent i on
CRicBhtsX, R aisAs it rwlétetﬁahﬁnaga_%% R Podinder

are both pre-ins non-1nsul at ed : dition, pipe

fitti nggpolyethylaneibaged materials nobmettioned sbovei willltaljodieneft fran igefingbyithe, T
-joints an nd cag% .'ﬁtc., re also contenplated to be manufactured with
t he grafrlletg‘létafl{jltf';O OftHENS RS IVEHIOE, e | nsul at ed pi pes i ncl ude pi pes

manuf act ur ed Aitias OF fraffifaBRIFShbi tat kérvk BfudefIQiiBstratdditey @hRbatingh Bejosdiage one

or two insulating |ayers, although the artisan wi|l readily appreciate
t hat addbthednwntiondoélads, fler dxapplosary ast knoxdi pipe exipipe acgeeseryieiiting. For

an- T hsul ati nduPesepips pEviciereRB R P Wi e BB doh I b B hyiligh £F.
as HDPE, ar¥béth pre-fisafatede@dinondnalated PIE Bipes. oln dddition)yipe fitthngsAneihdiag jdints, i t s
outer surface. Such a pldge can-optioonally include addjtional art-

nown
t echni cafuch asstrsight jolvise elbaw jeintsy faeintsing end RERSgRIE¢ 25Fi sl‘?icﬁnm%?ﬁt?&eet hane

foam ipns ' {”’lﬁ AT, Vel b L s constructed of amateri al
sui t abl elg crﬂ%uﬁggm en gg p%?’%@%ae(fjtﬁéang caﬂr'l conpri se steel,’ copper, brass,
or other art -Rrednsulated pipes molnde pipeshmarrafactoresd with omsoorpuart insulatingriayersoned.
bra, any_c rcjally avail able oxy fib I and/ or_.nol vwi nyl .pol ynmer
pi pe, 1 CPIRERID D Shers 3%.0Ae 4P BReiang Loy, Sbugh e vpen il ety Spmpmes *
carrier -ﬂh@ﬁa&ﬁ%&ﬁgﬁnﬂé erk B rbAIR ad8et WAGLAS&RBd.OPéd xadibleya Pipedoat ed wi th
a graft coating accordi ng: ?o ' ) .

readily construeted to include an inner carrier pipe, an insulating foam layer, e.g.. a hard

polyurethane, and a jacket of PE, such as HDPE, with a graft coating according to the

invention applied to its outer surface. Sucha pipe can optionally include additional art-

known technical features, such as a tracer pipe embedded within the polyurethane foam .

insulation. . . - s - . K

The_inner carrier pipe is constructed of a-mater_iﬁ suitable for the intended puzpose,

and can comprise steel, copper, brass, or other art-known alloy, any of the var_.ious PE
compositions mentionéd supra, any commercially available epoxy fiberglass and/or polyMI
comprises PE, the inner surface can optionally be coated with a graft coating according to -

. the invention, to enhance the properties of the catrier pipe lining and fo provide, for example,
improVed tesistance to heat, solvent penetration, and microbial contamil_lation, tonamebut a
fow ways that the inner surface of PE-based catrier pipe can be enhanced. .

In a further embodiment, a multi-layer pre-insulated pipe can include one or more



the invention, to enhance the properties of the cagier pipe lining and to
provi de, ﬁﬁ?°@§§ﬁ%le, i mproved resistance to heat, soIvenPCB@HBﬂmﬁﬁion

and mcrobial contam nation, to nane buy a few ways that the inner surface
of PB—based carrler pi can be enhanced. In a further enbodi nent, a

mul ti -1 a§ds E@mqactpmpmmg the polynicethane foam foune M&h&)ﬂ:{seﬁﬁéleand/or

Tl ES&W@%W&@M%@%%%WW%@% Sadiepigr et hane

manuf act heaetbsistamtfibirdisanstotials sichlas, rhiveral ool kid/6r glasiGhdell dtGny Bﬁa@faﬁes' stant ,
fibrous ﬁﬂterj al s ,such as, m-neral wool and/or gl.ass wool, or any other art
known in W%ﬂl In addi‘tion to pipes and pipe reI ated articles,

ot her types r t i_cated from
pol yners tha?inl ngFﬁ%aﬁégb erg&gerd a °1£c%§lﬂé’§3?§$gf%§?18€g’8 numFrqus e
proper t i mentici cqalbe fabnmd ﬁﬁmqsomethaghﬁldde(mﬁhﬁdt&ﬁtgtﬁ &satddITot u&xﬁﬁ%d se
PE i nclude, those sw t for use i n space f| I 1. and structural port
in the fHFfcePrapeEis %ﬂ%&me, %§¢ %ﬁlﬁ#@mmbrﬁgncl

okt od aioPEAEBIeR: %%?ﬁ%ﬁ%ﬁ%&*%‘ﬁ@é@ﬁ e IR

i n whol estafisj nodgparstractutal Rbing; or iranytotharcbaventer shapeak kize dat isdgsieatiances

such . desi bIe er as cra ch, resi st ancge, pal ntabllltyfor ease
of post rranuf §E‘PB %@W @ﬁhﬁlcemmsegﬁanqm% Waior

use in afa%ﬁéaw@ﬁfﬁrhblé'&lﬂ iR HihPE, Sl?dr'ﬁéﬂé ers,r#r%gged’tﬁgr cong%/u ners that

PE- based containers is inportant, for exanple,

wi || be desirsbleyreperticeas SmmemBmmbﬂhdeasMpbssnﬁmﬁcWOWt on
shi ps, ai and 9 r_vehicles;. and.in thée.manufacture of centai ners.
f or stor%l’% . Mﬁ 1‘%}?%?8 T Use i agres Vier 'iﬂli’m’iﬁilﬂf@ § RSt such - as
fuel s. OFhefe refidsai cyeﬁ?mmaémﬁﬁ?bﬁ&&,ﬂﬁ%ﬂéﬂaﬂe ﬁ%ﬁbﬂ&%ﬂﬁg&éurface-

properties and reduced flannablllty i nc hose for storing foo oils

pai nts, &t vwithbe densely:stacked iny ousamhatmﬂlh%safewqmpmgnwmhms;maﬁnd

A L e e L R R AR

subst r at eolidsS6n flarmablediquidsrsiach ast foelsi Otidr tomathersoniprisediof P tiatibehedt t he

Gover ns. R PBRUCt YRGS grpBaes pakeihcal gl ieiiae Bors B A0P9E Tobdi xt ur e

of m)norraﬂ§ ssmah@ Yéleaning) Mr@ﬂtﬁgﬂk@ne property of the PE substrate
can be modified or enhanced in a single processing step. In step (1) the

01* induces radical formation ("S ") in the polyethylene substrate (la).

Alht er nat 'Gﬁkﬂngﬂé@h%snﬁ%d‘ﬁéa%ﬁoﬁseam I ve prepol yners or polyners ("P" ) I n i
vhe reac The graft reaction can be better understood by conszdermg the followmg steps (la)
through 3), Wherem PE or- [CHz CHz]n - is the substrate ("S") the gra.ft initiator is GI" and
R’ is the residue of the polyethylene chain. X isa unit of vinyl monomer. The selection of X
governs the property or properties that are obtained. Optlonally, a mixture of monomers are -
employed, and more than one property of the PE substrate can be mod1ﬁed orenhancedina -
_ single processing step.
In step (1) the GI* induces radical formation ("S ") in the polyethylene substrate (1a).
Alternatively, the GI* activates reactive prepolymers or polymers ("P") in the reaction
- medium, to P* (1b) that in tum directly grafs to the HDP (1c).
" S-H. + o /> s+ +a (1a)

GI' +.P —> P+aq _ (1t

S-H + P > s.p (1)



medium to P* (Ib) that in turn directly grafts to the HDP (1c). S - H +
A* S + +WQU8E8» d* + . PP+ . d (Ilb) S H+ P S P PCEBNNOIGE 85829
PCTI 1 BO /01056 10 Wen the reaction proceeds-according to step (la),
initiation occurs as shown by step (2)10below. S + CHz - CHS - CH - C H
X x Inigiation site In step chai n propagation occurs, and continues.
(3) Chalwhmt%!ﬁa@e&tl%ﬁrocepdmmmmm &( OR{pecues as showm by sep(2) - C*H

I T I X X. X The graft initiator i,s optionally regenerated by

reaction (4), as follows. -ROOH. + d -~ RO + Of + Gg (4) Per oxi de
The process may be term nated by radical conbination as shown in reactions
(5) and.(6) S- (CHz - CHn - CHz €H-1- RO -- S- (C32 - CHNn - CHz -

CHOR (5) I§". +ICHp -Xo¥ - XS (CHz - yCHynep, g CSI + CH - CHz - (CHz -
CHm- S. x X=X (6). S- (CHz - Clti}bn+MH - X Coat edPol yet hyl ene
(Wherein, n, arg‘mare I ntegers defining subun;t nunber, and can be the
sane or dlffere This, when the reaction_pr.o¢teds from step (I a) through
steps (2) and (3), the new polyner struct SHARRFHE at the initiation site
and the chain js_|engthened fromthat point.until the reaction is

t er mi nat Egte Wbﬁ@@@%&ﬁ?&?ﬁ%%%&ﬂﬁﬁm steps (I'b) and (lc); a
preformed WO 01/85829 PCTI | B01/01056 11

. '(3) ChainPropagaﬁon
R'-CH: -CH. + (CHz=CH) ——— 3 S-(CHz-CHgx-CH
| | } N

The graft initiator is optionally regenerated by feaction (4); as follows, -
ROOH '+  GI —>» RO +OH + GI' @
Peroxide o :

The process may be terminated by radical combination as shown in reactions (5) and (6)

S - (CHz-CH)o-CH2-CH + RO’ —% §-(CHz-CH)-CHz-CHOR . (5)

T T o
X X - D ¢

S - (cmﬁcm-cm-en' + CH - CHa- (€Hz - CH)m - S
R Ll R
X "X X ).

|

S - (CHz - CH) nimat1 - § -
B
- X
Coated Polyethylene
(Wherein, n and m are integers defining subunit number, and can be the same or different.

Thus, when the reaction proceeds from step (1) through ‘steps (2) and (3), the ﬁevs_r
. polymer structare forms at the initiation site and the chain is lengthened from that point until
the reaction is terminated. When the reaction proceeds from steps (1b) and (1¢); a preformed



reactive polyner is linked directly with the PE surface. Both alternative
reactions WPO8YPEE a coated pol yethylene material that posBEHEBIAOIOSEhe
desirabl e properties of the selected grafted polynmer coating. .Mthods and
Solutions for Gafting As exenplified below, the grafting process is
conducted by preparing a grafting sol uu on. The grafti ng solution is

appl i ed I aﬁéﬁﬁPl ﬁﬂ known
met hod, inc uo&lgﬂgﬁ{smgrus 1°ng, sprayl ng, Fickil, p% ng, Spl n co&? g‘bﬁ&é%por

deposi t i goatedypolyéthglene keateridh ¢hat pessess |aﬂ3th@desirhh1egpmﬁerm§tsg>f il selected grafted

adj usted as needed, so that, for exanple, it is sufficiently viscous for
appl i cat ipmc‘éﬂt‘ﬁ'&- ng or br ushi ng, W thout significant dripping or
runni ng of the applied solution, or sufficiently thin when optionally
sprayed onto the.surface to be treated. For convenience, the grafting
sol ut i onMeLnoas ay ASJOSISERUIR two parts Part A and Part B.

For mul ati on of ﬁﬂ?%

sol vent coma#{%eh\ﬁﬁtia%hﬁ’ggg% % Q cte or ?ﬁ/&k@)ﬂﬁ?g&%& | vent s
are sel e@bhdoﬂem‘hﬂgtaﬁnpmluﬁm mmpplxddmﬂ’msmate, exemplifiedasHPPB)yoanyand can
I ncl ude po [ sol vents such_.as ter, t sol ub) e al cohal s, t hers
esters, ‘?’-ﬁ%ﬂ F‘b‘%‘gﬁ%ﬁa s?lmﬁng PPIE.FPHLIAS ﬁn%vapbr

Zﬁhvf?isaﬁt’. va?‘fves £ B Rl o @t%‘éﬁi‘?m i E‘??%%??te?mze“e

hal ogenatforexarmyis |1mssu£ﬁmmtb/ visohefor amﬂmahqnhydmpmgmbnsbingemthoute af t

Icglb;: ?tors aEe ?referablé net al nsilacl uﬁl@g&ﬁ_%ﬁ‘ﬁmgg% |ron Ile\rlglrn

silver i %?ﬁy@dgﬁgltﬁygﬁfaceﬁbge%&g& .nitiators are preferably errpl oyed at a
concentration ranging fromabout 0.01 to about 1.0% and nore preferabl y

from about 0. (Bt convettienge, te prafitigsolutiontis optienallyiprepated in fwo pos: Jiart Hnd
prepol y m% mononer (s). present. Catal ysts are. preferably peroxides,
includlgglS Y exanpl e, hydrogen peroxide and any organi c peroxi.de, such

as, e.g, benzoyl peroxide, et hy [Feginn¥itioncdfaruert Aer oxi de; 1-butyl ]

hydroperOX| de and derivatiyes angd gonbi natijons thereofﬁ%ﬂewﬁt al ysts are

preferably enfarbdeaf m&%m&m@%* vent Gampaihle with fhe rgagants - 5o,

or great efecMi'e é@{n?bl 1v éd&earéﬁél@été’ cRdiRg BHM Refardfgzcent rati on
£om a out (# gc[) &&) yh

ranging fr 0 about -1.0%.( relative to the sol ution

wei ght ). Gnof¢R mmmmmmd@om@m asywalgr, sysésrgoluble alasbplsde,
for exanpetﬁérs Oes%?sm Ketd bas egmf@ e% and Aﬁt%?é} thereof, and nonpolar solvents such as

organic solvents, e.g., aromatic solvents such as benzene and its denvattves, alkanes and/or
alkenes and their derivatives, halogenated orgamc solvents, other readﬂy available. solvents
Graft initiators are preferably metal ions including, for example, iron, silver, cobalt,

 copper, _cerimn and others. More preferably, as exemplified herein, silver ion is employed. .
The graft initiators are.prefei'ably employed at a concentration ranging' from about 0.01 to
about 1 O%, and more preferably from about 0.001 to about 0.1 % by welght relative to:the
Welght of prepolymer or monomer(s) present

" Catalysts are preferably peroxides, including, for example, hydrogen peroxide and

any organic peroxide, such as, e.g., benzoyl peroxide, methyl ethyl ketone peroxide; 1-butyl
hydropsfoﬁde and derivatives and combinations thereof, The catalysts are preferably
‘employed in a concentration ranging from about 0.1 to about 5%, or greater. More
preferably, the catalysts are employed in a concentration ranging from about 0.05 to about
1.0% (by wt relative to the solution weight).



based nononers, and/or conbinations thereof. O ganic-based nononers usef ul
for grafti WQO0EABPaces conprising PE preferably include urBCHER/01056
precursors. Urethane precursors include water-dispersed pol yurethane
nononers, e& ., NeoRez 'i R-9679 (Aveci , Inc., Charlotte, North
Carolina). Oher water-di spersed prepo ?rrers i ncl ude epoxy mononers, is-,

preferably inghudhag o&gf?s A Jersey) %5 dxéipled B nRShaER Bﬁ@:ﬁeréggféoh-

Chem cal Co. Par si pp Al phat | ¢ nol sture-cur
ur et hanekased mombmqrs,emd/mmbmatwnﬂhmof tQ@rgnpiz-basedsBonomprs nsefitl forl grafingi scous

M2 X-40 elcbhold | nc Research Tri angl.e Par k
Carol i na G}%"%{&ﬂ F%@’?F ?‘Or%ﬁglmhéﬁ‘? li’fe&%mPWiLHdB

conbi nat ’EM | e for
wm&asé@mym r%Nécﬁ{eﬁ‘z ROG579r (AlyBea) Shic.) Ckdrledts,

exanpl e, enkef f° M21- X- 40, L.i, M23-X-56, 11 37-A6X 42,
MB7- 10b; Nmmhmwammwmmmlmmmmmm;_ma cbhol d

or epol PR PG P Rt rasna R e ﬁm%%?%?ﬁ%@b@ﬁﬁﬁ% i or

conbi nat pREPpiSNeR Jetsag). chhol d Chem cal Inc., Research Triangle Park,

Nort h Caroll Q her art known epoxy resi ns/ repol yners are ol so readlly
enpl oyed. @M@m@m—ﬁm ble ueethanes ate pls pmptayse, S ﬂleﬂPMtéVI%% -

488- N- 40 ful
For ar ar B e ps 36 Bishele i RAS RSB CHepiibi B0, RGGRITHIRIBTRALEE) T
Readi | 'y ag@ﬂmaﬁlahamm‘w epﬂxydesmmawlchemaama/o@whbmaﬁonsw nyl
al kyl - et hoxysi | anes g, vinyl triethoxy silage and vi-nyl trinmethoxy.

si | age e. .. SW9112.0 and SiV 9220.0, respectively, from

Gl est, Inc Al aﬁﬂ%ﬁiﬁsﬂﬁﬁ& (o} t _ ons of
any of the fo%&ngﬁmﬁ%uﬁ%ner /prepoF?/arr\e"}&se fr'?gy opﬂu’oﬂﬁg#&iﬁg enp zt;‘iédd
one pref MMMW-SGMBMAGM a7 10U, M2G-Ketrbdnd MEGAGX-6(samoras the

|t th I

Hlesor | bedoBHBRIOns spesoRBETbd %@ﬁqfﬁa@&#%@w@ﬁ@%@bw de

d E?@?éﬁ gﬁ? érﬁiérs" ISR St Tepl Such
:annplrlcj)\hgroegljnsux ace aﬁaﬂ o afted’ artlfa:jlhglset?%%e r eadi IQSHGg?r?tged g‘r:
mar ked i K%amﬁbmomblnaﬁ@athdeaﬁi(kucﬁw}d ehemmmwmwwm's @k, coat i ngs
after m r.e. tpﬁe ﬁl; rf t rafted
surface wg@r@g@ | % &Ple@z’y{ ; ﬂog'ﬁ%ﬁ%rrehﬁ;z ed with
letters, Thestigelades; Fek sXatiple, gﬁtlddyﬁpr@p 1mm@m4w-w®¢o@m(mat the

y

grafted articles can be rea fixed or affixed to other articles by nmeans
of WD 01/3Em2CorpdT/ | BO1/ 01056 13 -

Siticon-based monomers useful for grafting surfaces comprising PE preferably

include silane prepolymers. Readily available silane monomers include organic silanes such

as, vmyl alkyl—ethoxysﬂanes eg., vmyl triethoxy silane and vinyl trimethoxy silane
MONOMETS, €.8., SIV 9112.0 and SiV 9220. 0, respectively, from Galest, Inc., Tullytown,

- Pennsylvania), to name but a few. Combinations of any of the foregomg
monomers/prepolymers may ophonally be employed
In one preferred embodiment, vinyl and epoxy fonctional sﬂanes, such as the vmyl
triethoxy silane and vmyl trimethoxy silane monomers described supra, are added to the
| grafting solution in order to provide improved paintabitity and soratch resistance to the

graﬁed surface. Such an improved surface allows the grafted articles to be readily painted or
maiked ifi any color or treated with any other useful adhesives or coatings after manmufacture,
With these nnproved surface propertles, the grafted surface can be easily coIor-coded after-
manufacture, and/or marked with letters, numbers and other indicia. In another preferred

» embodiment, the grafted articles can be readily fixed or affixed to o_’rher articles by means of



adhesi ve or 8Iue type systens. In an optional preferred enbodi nent,
grafting HWOOHEhterior surface oi; for exanple, a PE-baRCHIBIAOLIS6r pi pe
can all ow post manufacture application of art known coatings that wll
reduce solvent penetration of the carri pi pe and/or retard m crobi al
growh within a fluid-filled system of pes, as needed. In another

pr ef er r eddissivectrphi-typs Sylitéme Ml anGREiBAI] Prdferred &nBﬁ&ﬁnﬂﬁTab!aMngiT‘ﬂ@ﬁfbnoW th
corrponents I ncl ude

the liquid _conposition. Such additional eg., one or
mor e dyemqﬁ @mkm?&bwdmm pénetcan wmostvmanpﬁmptmayph@tmef

ded t o ThavepcofiniPi 1 8 ol el Sy G RN B Ty

way of emiogobial gfo wthlvyittﬂnulfhikﬁﬁﬂm%mﬂﬁpﬁs,asﬁeededﬂoport l on sufficient
to give the finish ft oatin metallic and reflectlve appear ance.
Such net aI péwamtger %@gﬁm%ﬁ%ﬂ?ﬁg Lompanents arpoptionally medbr ass,
stainles Oﬁhbﬁ'ﬁﬂ{ﬁ :@@ﬁeﬁés u e

mat eri al ??cﬂog%)osﬁi@ﬁ. eat re us lu& %ﬁ?’ﬁgﬁ%ﬁ@%g{

reflecti \mmmmmahwwpmpwmmégmdmmmwmw

metal i c powder.s. Such addltlonalaé(efletlve colorants include, for .-
exanpl e, %ﬂ& to prints and contings. Suchaeflestivens

t her eof 'cBlol?érﬂPﬁlE:Idd@fﬁm? xfaﬁlP W&’Hsﬂ ﬁ@é} t he
fini shed coating urther re léé?% odi e @u % ?@ngorﬂc or
organi ¢ w@lmupglgﬁﬂmﬁmshsd mm@h&wamemwoswl te or

g\re'; aLLBS\Aﬁ%@tﬂ?@%@' iﬁtl ng S@' ut i Onﬁ&r’i{e& oval e%}de%/ I |qrike(hby
conposi t i chfomikhesid /bfrsﬂmmqaitsma bwddrB@ matet P

yel | ow, bI ue, violet and variati ons of these Sui t abl’e col orant s for this
pur pose ilpery@ptionally, pthentellaptivesolosssprecmplayed; sepgratelironin combiratiay withr een

Lcampl o, Pl pERARS" Bouh RRNGAIEN ffeotiioudi SR, B Brantpln BeNoefE “Luch

pi gment s MmIMmmwwﬁe@mmmWoﬁmmwal nc .

oxi de, 0, vt%t anti non ﬁvg e{)art i cul arl'y weat her .resistant

coat ed tﬁﬁ@??%? § SPPegranch to, gf"és}‘ﬁgﬁo M50 be bl ended with a suitable

ext ender mat emhlfinthirgheREP eMBdiReR hbﬁ%iﬁnéﬁgﬁ{ﬁbfokﬁﬁa@cﬁg’eé)or fer -
cal'crum s esl um

Sui tabl e extenders_ include silica, baryte,
si | i cat e imparpayarking celorikat ismotsvhitglon metallic atieimized info the grafting solitionedre,

clay 1 SR FulBi e cRRURRR & St o ek bL 8 RS Rars e e 1o, 1
present abmpokitivr! Thésefincludedolorants that iripabrd] grbet) opiipt,Syelsw, B!ﬁé,gshélef)ﬂ{d part
by wei ght qf ., th ol nents of .the grafting conposition, on a dry
wei ght ~ba@fiations gf E‘P@éngﬂ%%ﬂ 1aBtsfon fhismurpase include; simply bowanes exagplef t he
grafting mal Ayd BP o211, &ied%&yﬁﬁé%,g ahbt dGHBinaidIR Phereof, that are commercially

available, for example, from Daniel Products, Jersey City, New Jersey). Additional such

pigments or colorants include, e.g., , zirconium oxide, zitcon, zine oxide, iron oxide,

antimony oxide, and particularly weather resistant coated types of TiO,. The pigments may

also be blended with a suitable extender material which does not contribute significantly to

hiding power. Suitable extenders include silica, baryte, calcium sulfate, .magnesium. silicate

(talc), aluminum oxide, aluminum silicate, calcium silicate, calcium carbonate (mica),

potassium aluminum silicate and other clays or clay-like materials. Where present, the

pigments and extenders are normally present at a level of from about 0.1 1o about 1.0 parts by

weight per part by weight of the polymer components of the grafting composition, on a dry

weight basis.

Further optional components of the liquid composmon of the grafting solution and of




14 the formed graft coating include, for exanple, anti-oxidants, U V.
absor bi ng 3pRIBs, and other stabilizers wea known to tRETABAL/OLOS6ar t
known proportions. The conposition of this invention rmay al so optionally
i ncl ude ot her ingredients in anmounts whigh are commonly included in paint

and lacquer formulations such, wetting agents, surfactants, bactericides,
fungi ci defbe forned grafl eoating taslhude, foraxasiple,snti-oxidentset . ra@sm'bmgtcemptbﬂndw andnt r ol

oi cont r i SR eB e kadi e B bRy bforPRE iy compoiter pPlis™ o

still f urihmhoﬁwmuonwm@mdé b&eﬁh@i@eﬂﬁaﬁ@mbeﬁts m@é §om1h8ﬂ udi ng,

sinmply by way of exarrple dIS ersed pol yurethane in conbination wwth, e

epoxy pr gfhig paing werfeymaylatios wetting agents sutfantants) | aqf&!wlfbié,rsey)

wth sur (BRECRY F&ﬁeﬁf@@#ﬁ s bl Bl 0 St o BB, {0

provi de awiies oy wak aispeﬁxmqemamﬂilbhemﬂg@gm@wwﬂh@wgm sliphgedts emhed PE

substrates. ' Methods for |inking dyes or pigments to these nononers are
art nown. #gilica,engleyand sired.col orants and/or pignents are dissol ved

by iy or oot GV TR B oRiag iy bR BORL KA ol SRR o0 St €

I ng or spraylng curing
at, e. gS, simplytiyomiy dédaniple, dispessed ﬁitﬂyﬂmmmlcbmﬁmaﬁbmuﬁﬁsgg_f’empl yner s-

and/or mononers are preherably e d_in,the grafting solution in a
concentraﬁmymsﬁﬁ %romn@ai%?e Pawinpany, Ysgscyb AahNeoRed at i ve to

t he sol ut k&g

enpl oyed |n a An‘geecn %{deé}r?lﬂrogtﬁﬁ%gl rom )’aﬁgéfe%ﬂ%ﬁ% aﬁo%{?g%gﬁﬁﬂyes

vve:j/ght raipagme:ﬁsbpftmmovmlmﬁthmﬂmrtd%rmdeafmmm&md iy meaﬂaplyrre;(s)f

and/ or non cat al m and ot her i ients o

t he corrpo%q % St?h %t%r@%ﬁ‘?ag? @?ME%%PM&& ﬁ)(e

sol vents $nandrérdafedrt-khowh. "FotSxadpR! fhb |de§ﬂéﬁ%hﬁ%m§§%r%ent@ﬁ@ dfaéowaf e

flame retardant agent or agents are added to the formilatioen, ée are
&

added t o iRamenomersiprepalyme solutiort andrthen anplied anto fh@:dnspgémbsmtebhmy ctive

For bl ot | BREPE (G Fihs & fiyhay ARRR S, £, WERRT ) B phome o

I nor gani Caboﬁhwmt&ls based flame retardants are readily enployed. In
particul ar, the fIarre retardant is a phosphorous based flane retardant such

as, for exanpPusp mr&pmﬁmap@f@@bw@p dGyed Hnihs grafiing splutionda a

I
ShLESLBﬁ;%%SB@Q ?ﬁ%@? fsponty £ oK) sk 5 g BBRDRAALE 1P Witon. Wero
net hy| phopyefevably, thelprepblyimes aﬂdldrtmor(oﬁekgfm‘e emplhtyed/in)a menmnbinydngmg from

phosphonates . o sbout 20%, by weight, relative to the sclution.

Thus, the desired reagents, e.g., prepolymer(s) and/or Monomets, catalyst, graft

 initiator system and other ingredients of the composition are mixed in a container with a
conipatible solvent or solvents to form Part A.
In yet a still further embodlment one or more ﬂame retardant agent or agents are
_addéd to the formilation, e.g., are added to Part A Any art-known flame-retardant -
composition that is compatibie and miscible with the com;noneﬂts and solvents of the
formulation is optionally employed. For example, art-known organic or inorganic
phosphoroﬁs—based flame retardants are readily employed. :
~ Tnparticular, the flame retardant is a phosphorous-based flame retardant such as, for
examﬁle, chlorinated phosphate esters, melamine derivatives, oligomeric phosphate esters,
bromoaryl ether/phosphate product, and phosphonates. Exemplary flame retardants include,
- dimethyl methylphosphonat, diethyl-N, N-bis _(2—f1ydroxyethy1) aminomethyl phosphonaté,



WO 01/ 858 01/ 01056 15 oligoneric chloroal kyl

phosphat el%g osp#](%!ﬁate tri (1, 3-dichloroisopropyi) phospha?’gmmlgmsgonerl C
phosphonate to name but a few. These types of flane retarding agents, and
others, are available, from Akzo Nobel Chem cals, Inc., Dobbs Ferry, New
Yor k, under the tradenaxne of Fyrol Agditional flame retardants include,
for exarrpl e, isopropylated triaryl phospat es, aklyl aryl phosphates

t hbur Kl mgoxahmd: chibrmﬂ&;dq:heTphg’Te/phbsphopua?mﬂ(dt ?A-Ehdﬂnto:bse?mpcﬁh) phbsp?iatahenyi
phospha I,C vai | a e rom Akzo Nobe em cals, Inc
supr a, L?ﬁ‘&%ﬁn g‘ﬂ%%ﬁﬁ@ %@g{ex and Phosflex ' The Akzo
Phosf | ex prO@%&é@b@@bPﬂﬁne%dmg%éﬂﬂaﬁh%Mﬂﬂahlbs@ I sl kg

tri phenyl phosphafée ester, teo nane but a few exenpli1iTe erein,

di net hyINQ’osl WMQQJBSMJHWX@& mﬂmﬁemmﬁqqu% Additional

Ch I d he f |
W h any AR B IS ok IR drar Ry i i bt ARy i bl ™ "
summar i Ztﬂﬁr;tlhﬁa:&l ﬁﬂ@sphﬁt%&%ﬁi{w phokgBited Mﬁsmwﬂoalai;meﬁ 19phbdphate, Watehlare

Chem cal, Inc. bot h generl ¢ and trade nanmes i's provided f@gmt he

conveni eiveidable, ;emefrc ohed Chemisals, Inst, aupresy utléﬁrrﬂmradenﬁ@es t he

T Rt S RN AE el 1
phos phatigoprypyihted GhpHhen wf,ﬁ,wﬁdwammmfdﬁt agewsphate Fyrol TM 38 td

[1, 3-dichl'oroi sopropyl I' phosphate QO igoneric Phosphate Esterg, Fyrol' 25
ol i gonmeri ¢ chhbexsarplifie ks y Sfailable ag Fyyed

hor ban SRS Chakig e, 15 nBldSIRe) Rrldtol i s SR U Soation

Fl exi bl ewifly asyx otfiensaitable flamerethrdant acateriahi The follosyiztabl
O o e SR Sl Hep A Kb s SELL BRERIERS S

names, and is provided for the conveme;nce of the reader, _and is not intended to limit the

and

scope of the invention in any way.
Chigrinated Phos hate Esters

Akzo Tradename .
FyolMFR2 tri (1, 3-d10h10r0150pr0py1) phosphate
Fyrol™ CEF tri (2-chioroethyl) phosphate
Fyrol ™ PCF " © i (2~chloroisopropyl) phosphate
Fyrol™ 38 ° tri [1,3-d1chlorolsopmpy1] phosphate
Olzgomerzc Ph@hate Esters
Fyrol™ 25 oligomeric chloroalkyl phospha’celphosphonate
Fyrol™ 51 oligomeric Phosphonates
Fyrolm . . . .
Fyrol™ oligomeric chloroalkyl phosphate
' Inorgani¢ Phosphates
Fyrex™ - : diammonium and monoammonium phosphate salt
Flexible Fyrex™ diammonium and monoammonium phosphate salt
- Monomeric and Oligomeric Phosphonates
FyrolTM DMMP dimethyl methylphosphonate
Fyrolm diethyl N,N bis[2-hydroxyethyl]
' aminomethyl phosphonate
Melamine Derivatives
FyrolTM MC melamine cyanurate

Fyrol™ MP melamine phosphate



am nonet hyl phosphonate Ml am ne Derivatives Fyrol' MC nel am ne cyanurate
FyroP MP nNQW#85829phosphat e WO 01/ 85829 PCT/ 1 B01/ 01056 16rEr/asmaiosk

Et her/ Phosphat e Producr Fyrol PBR pent abronodi phenyl oxi de/ phosphate ester
Fl ame Tetardant(s) are added to Part A in a proportion that enhances the
flame retardant properties of the grafqf coating w thout inpairing other
desirable properties as described and deflned herein. Thus, based on the
foregoing, the artisan 'w || Brnomogol Bther/Rhio uha'guu-'s/proportlons of flane
ret ar dant toIﬁﬁdﬂVd&Hﬁrt A.  Si npinyabpymodipheni] exidefpiosphatdiesterf | ame r et ar dant
conponent (s) ‘is added to Part Ain a proportion of.about 0.1 Wt percent to

about 10 wt pemﬂiat:etamhﬁsméhadealt@PwAmq:réﬂ&ﬁ&mamm aﬁfbded to
Part A in a proportion ranging from about percent to out 5 wt

percent . M@dﬂﬁgﬂpﬁ;‘lmﬁlﬁtﬁeﬁwmmﬂmublmmmn&@hﬁrdﬁm&bmhesm i s added

or or . "HrEAR: R SR bk BR8N vepimthe SRERERE I ReRBSHY BribiaB I o

l n t he raaaemté/ ‘propbAitng 06 Bkme rélardaitdo adPloTuH Al smﬁmymy@temk ! e
acid, .e.qg. phosphorl c or acetic acids or abase, e.g. sodium hydrOX| de,

amoni a oﬂammwdmﬁmamt@éls addedie RantoA drte piropation of ébout Odowmsstent ton t o

200t on' RecRS i BEGRAS Mpdte ol Bl 1Rl 0 0 4 5 PO
pronot er , rahgig fesin abeit OB Wt Plebét tAOROSIHAl perbhits PréferablyOwhéenibb @ampr emat ur e
gel ation or hardem ng of .the co 05|t|on over er| ods of stora e Sui t abl e

crossl i nkretgydant ol ndINMHER, itis Eomsaboptd-Switl | react
with, and the m)nomers or. prepol yners enpl oyed
pEERRRS B 859! &@gqm&s prepol ymer s enpl oy

for the gra ng proces pol ymeri zation promoter is particularly
desired where mepﬁwmfmmwmmmmnmtﬂmmﬁrmbeﬂrmelmgewfn ch are

capabl e of, 'undergoin oni ¢ gondensati on [e ct| .carboxy, .hydroxy
or. epox¥o mg%ovﬁﬁsegﬁﬂmqwm @&%hﬂtz ¢ st mlgs or

i ncl ude LRSEH hv@SdiR oaﬁmﬁl t
benzoguaggha%lge—?em ns, har ea T%ﬁgﬁgeﬁ%rem ns, yco ut l*M{l)ase reS| ns

and |i ke - pompositidrsto aéjlstﬁlerpéﬁamarynkl ng agents “are those whi ch are
active at anbient tenperatures, i.e., from abo_ut 20 to about 30C and

(

Formulation of Part B
Part B of the grafting solution is prepared as a separate solution to contaima
polymerization promotér, such as a crosslinking compound. This strategy avoids premature
gelation or hardening of the composition over periods of storage, Suitable crosslinking
coxﬁpounds include any art-known crosslinkers that will react with, and enhance croés]inking_
* of the monomers or prepol&mers employed for the grafting process. Such a polymerization '
promoter is particularly desired where the polymeric component contains functional groups™
which are capable of uxtdergoing ionic condensation reaotions, e.g., catboxy, hydroxy or.
epoxy. ' ' '
| Smtable polymerization promoters or crosslinking agents i mclude melamine based
amino resins such as hexamethoxymeﬂlylmelannne, benzoguanamine resins, urea
formaldehyde resms, glycoluryl-based resins and like materials. Preferred crosshnkmg agents
. are those which are active at ambient temperachnes, i.e., from about 20 to about 30°C ax;d .
. mclude epoxy silanes such as gamma glycldoxypropyltnmethoxy silane, beta-(3,4-
epoxyoyclohexyl) ethyltnmethoxy silane and polyfunctional aziridines. In particular, the
selected crosslinker is reactive Wxth prepolymer or polymer carboxyl groups.



I ncl ude epoxy sil anes such as gamma gl yci doxypropyl tri methoxy sil ane,

bet a- ( 3, 4-WEIYE3B2Y cl ohexyl ) ethyltrimethoxy silane and pol DET/HENL{08058|
aziridines. In particular, the selected crosslinker is reactive with
prepol yner or polyner carboxyl groups. {40 01/85829 PCT/1B01/01056 17 The
crosslinker exenplified herein is a polyfunctional aziridine |liquid
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Oor precursors, ener or curing agents 1 nclude, eg., hardeners or curing
agents soluéntdased systemsanpl e, those conpr.i si ng am doam nes, pol yam des,
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Al | ent own, " Pennsyl vani a) The Grafting Solution and Process Parts A and B
are m xethonomerssas gre¢yirsorghapdency opreuring iagensslinclnds, ¢ herdencss L AUEHS 22emd .t he

The 11 mo i gs b Agargle Rt ooty hiRo bR pe niBe b AR b b O

reaction tﬁﬂm@rmﬂgéuﬁne}e?&:y@ﬁmgmgmﬁ@hﬂﬁeﬁbrs;m ihéladidg shosedomprigiagt i es” of -
neral Iy

the grafted PE, the solution jg air

“dried onto, the P .
subst r at &imethyThenamethylcagdigpine, are copmereielly ﬁv%hgi?leglr eF@FPPon 015’ E’gtﬂeﬁﬁgfqdﬁﬂts
i , 1 > - A , t t e t i ,
cloo "7 il oo, 10 uepbor pRRRadi 0L S, O B P g o

undesirabl e, the coated substrate can optionally be allowed to cure at
anbient tein erature, ens., The@&® Sulatién ahdProgess 0 6 or nore days.

Confirm ng the Properties of the Gafted Surface.,. .The graft coatin wer e
al so tested fdrare méﬁmm%aﬁ@@?wwst&mte&@m%ﬂa%ﬁ%ﬁ% -
time peri i g{%ﬁ;ﬂ%’%&i i - 'E SithsBRIERS Be BEated)l TREEmE ARty Rt |
as descrirgﬂlén% gr eat e‘?ﬁélg?gf]fﬁe?nwﬁ]? Ex&g)rrplps, ?nf?a. Sur face energy was
tested ushetpactiombtamdite complstion depends upy theeectiondenperpiure, the reegenthaupleyadi ace

Energy Te3hif9desired properties of the grafted PE. Generally, the solution s air dried onto the PE
substrate, and then cured by the application of heat for a time period ranging, e.g., from about

1 to about 4 hours, at a temperature ranging, e.g., from about 100 to about 150 degrees F.
When heat curing is undesirable, the coated substrate can optionally be allowed to cure at
ambient temperature, e.g., 25-30-degrees C, for up t6 6 or inore days.

Confirming the Properties of the Grafted Surface . -

The graft coatings were also tested for their ability to resist ﬁelting and catching fire for a
.. time period, by exposure to a standardized source of intense radiant heat, as described m
greater detail in the Examples, infra. Surface energy was tested using standardized wet-
tability inks, described as follows.

_ Surface Energy Testing _ _ :
A number of art-known methods are available for determining the improvement in
. adhesion of paints, cements, adhesives and the like to surfaces. The graft coated surfaces of



A nunber of art known nethods are avail able for determ ning the inprovenent
in adhesi MOBE8BM nts, cenents, adhesives and the |ike toPCEABHAESE The
graft coated surfaces of WD 01/85829 PCT/1B01/ 01056 18 PE sanples were
tested for their surface energy by a svﬂrgdardl zed comercial test of
surface wet-ability using inks of kno surface tension. The adhesion

and/ or paWW$weW%ﬂmmhéawwaﬁhmm REREt saradde
surface energ A cormermally avai l abl € vvetO ability ink is the Corona
knsrvan-rarfaesfeasion. amé@r ilityyrprepestios

pl us Pro- Dyet-abidity using infoyef ks paingeb
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breaks up abilitpirkiBtHe Coromi-pks Pro-Deh Test T ¥V etiphbhe Cangeag ODaimark)) eIheIbet

surface has a surface energy | ower than the surface tension rating of the
rnlatodkinstandand &

ink. In e @aﬁﬁkmﬁmwﬁﬁﬁ@eenergy
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is readily deternined, and _the graft coated sanple articles produced by
the fol | ovPRsipTEREREHPEDe fiky dnseserces Hohmsurion earcbeavel hythe: eketi?e FEJAcEEDRAEY | east
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dynes/ cn? theinit, grdyaesden’. ar e expected to be confirnmed W|th the availability
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Reagent s SPRCffGiFR e Ao e it sk pey e nabi ot B é of e Jghdt
Aliphatic sh%@ééﬂe&g?ﬁﬁl@ﬂe;gr@tbfso Xﬁéw %Qﬁepare%é&é@to%@cenﬁxﬁiddm num

Paste 251 PA 8 uest Si' |l ane
avaﬂabﬂﬂy of wet-ability testing reagants of greater surface tension limits.
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EXAMPLES
The following examples serve to provide further appreciation of the invention but are
not meant in any way to restrict the effective scope of the invention.

EXAMPLE 1
Solveni-Based Grafting Formulation with Urethane Prepolymer

A sample of polyethylene board ( HDPE of about 15 x 60 cm) was treated by grafting
urethane and silane monomer to the HDPE surface. Reagents are shown in Table 1, below.

Table 1 . Parts by
Weight
Part A
Aliphatic Moisture Curing Urethane M27-X-63 100.0
Toluene 10.0
Aluminum Paste 251 PA 8.0
Silquest™ Silane A-171™ 1.0
{OSi Specialties, Inc., Danbury Connecticut)
MEK-Peroxide (0.1% in MEK solution) 0.2

Silver Perchlorate (0.1% in MEK solution) 0.1



(Osi Specialties  Inc., Danbury Connecticut) MEK Peroxide (0.1%in MEIC
sol ution) Wosn @iz?ver Per chl or at e (0.1 %in MEK sol ution) BCTIBW0Rds685829
PCT/1B01/ 01056 19 PPART B Crosslinker CX-100 1.8 Preparation of PART A
Ali phatic noisture curing urethane prepogyner M27-X-63 was taken in a

container, and to it were added nononers, catalyst, graft initiator system.

and the other ingredients of- the‘lé&ﬁ.&ltlon were added in the weight
proportions shown bGrosalinker CX-40®ra. The resulting m xturely8as then stirred
to forma uniformsolution of Part A. Preparation of the FORMULATION:

The. Par t sol uti or..\w L xed into a separate container with the Pait B
sol ution Mroport i ons shown above by Table 1. The mi xed
fornul ation waAlghdtic'éistufe uring bR %i%bl Ixi68 F

Application of taﬁd Grafting Coatr ng: g‘fn I}gne%g%rrp eré:lslﬂgn re ét ed

parts weraaddoat werewdded mogomyersf eataigstsgﬂaﬁunmmbyystmanythegzthe‘flmedleﬁtedf parts

30 bj.ected t f t 180F t
b et ORETEPORECR 3o Aideq iy 42 RS pktnoptcn shiwe By sble iprded vere

st udi ed mremﬂgﬁﬁxmﬁ%ﬁbﬁﬁé&ﬁ)foﬁﬁﬁtﬂiﬁﬁhséﬂﬁbhg%éﬁﬁa shown by the

test to have a surface energy of at least 56 dynes/c s confirmng
enhanced adhesion and paintability. EXAMPLE 2 Water-Based G afting
Formul ati on with Urethane Prepolyner In addition to the sol vent based

grafting fornul ati OP*%M&!E@Mt er-based .grafting fornulations
were als *provi des a water based uret hane

formilat ion. Thgbhe ReohitchSwibmiishle R ol b, TR o 'f

9679 100. 0 Bpi - Rsz Resin 3515-WG60 7. Dei oni zed wat er
the weight proportions shown above.by Table 1. The mixed formulahon was stirred to a

umform solution for the grafcmg process.

Applxcatlon of the Grafting Coating:’

The polyethylene samples and related parts were coated with the graﬂ:mg solution by
spraying. The coated parts were air dried for 30 minutes, subjected to cure for 2 hours at
180°F or at ambient conditions for one day. The coated samples thus prepared were stud1ed
for various.characteristics. _ _

The graft coating was shown by the test to have a surtace energy of at least 56
c}ynes/cm , thus confirming enhanced adhesion and pamtablhty.

EXAMPLE 2
Water-Based Grafting Fom'mlation with Urethane Prepolymer

In addition to the solvent-based grafting fbrmulation of Example 1, water-based
grafting formulauons were also prepared. Table 2 below, provides a water-based urethane

formulation. _
Table 2 Parts by

Weight

- PART A

Urethane Prepolymer NeoRez 9679 100.0°

Bpi-RezResin 3515-W-60 ; 7.0-

- Deionized water ("DIW") : 20.0

- E-B Solvent 15.0

Aluminum Paste 251 PA : - 8.0

Silquest™ Silane A-151 1.0

(Witco OrganoSilicones Gmup/081 Spec1a1t1es, Inc.)



E-B Solvent 15.0 Alum num Paste 251 PA 8.0 Silquest Silane A-151 1.0
(Wtco O g¥¥¥/A58¥ones G oup/ OSi Specialties; Inc.) WO 01/ BEBEBI101056

PCT/ MD1/ 01056 20 Ferrum Anmoni um Sul fate (1%i n water solution) 0.2 Uea
Peroxide (1 %in: water solution) 0.1 PART B Crosslinker CX=100 2.4
Preparation of PART A Urethane prepol yrd NeoRez 9679 was taken in a

container and t'o i r d Q graft itiator and
ot her ingredients %ﬂﬁ‘%&;’%’% n"%l-.ls% Tﬁ};g%g%%?g%éﬁ )ons %ﬁéﬁjrl bed supra by
Tabl e 2. The cont entE2WeEPEEL ?"r’%a"aﬁ; orm sol uti on. i ngr edi ent s

were taken-in the concentration ratjo as indicated in the conposition by
wei ght. Preparation of Full For nu/ts . The contents of PART A were m xed
with PART B, in th&rpsslipberGX0shown by Table 1. This' wad4oll owed by
stirring the mxture to a uniformsolution, as described for Exanple 1,
supra. . %TI on of the Forrrul ation; The polyethyl ene parts
wer e coateais ~#The coated parts thus prepared were air dried for

30 m nut es, fqmbpéa&)wamnézwwésq&ema%ﬁaﬂ&a{m@wa%d&&ndltlOns

for one day The coated” parts were then studied for wvarious
char act emenanggs, cFlakysty graft initistoriang om m@hwntmf thereorppasitiandinibe/proportionst ace

oA nt bl 14eBoFR e O e Raieh et it P o IFER PR COPSSRETREE  ancl

Epoxy Pr efgh vikeh tn thé@bRdenRat@traflb a§ tdiatddeh Meé Ridpasitior B egugg bot h

ur et hane and epoxy-based prepoiyners were al so prepared. l e 3, bel ow,
provi des a wat er-based urethane/epoxy formnulation. Table 3 Parts by Wi t

PARTA Ur dRiepaeationcnf Fufl Bgrmlation: 9679 100. 0
' The contents of PART A were mixed with PART B, in the proportions shown by

Table 1. This was followed by stlmng the mixture to a uniform solution, as déscribed for
Example 1, supra..

Q.

FL

Method of Application of the Formulation;

The polyethylene parts were coated by spraying. The coated parts thus prepared were
air dried for 30 minutes, followed by curing at 180°F for 2 hours or at ambient conditions for
one day. The coated parts were then studied for various characteristics.

The grafi coating was shown by the test to have a surface energy of at least 56
dynes/cm?, thms confirming enhanced adhesion and paintability. '

EXAMPLE 3 i )
Water-Based Grafting Formulation with Urethane and Epoxy Prepolymers

Water-based grafting formulations com}:mmg both urethane and epoxy-based
' prepolymers were also prepared. Table 3, below, provides a water-based urethane/epoxy

formmiation. -
Table 3 Parts by
Weight
PART A
Urethane Prepoiymer NeoRez 9679 100.0
Epi-Rez Resin 3515-W-60 - 7.0
DIW . 7.0
Tint Ayd WD2673 " 8.0
Silquest™ Silane 151 1.0

(Witco OrganoSilicones Group/OSi Speclaltles,
Inc.)



.Epi Rez Resin 3515-W60 7,0 DIVA 7.0 Tint Ayd WD2673 8. uest

Si | ane 15V 0Y8S82 t co OrganoS| | i cones Group/ OSi Speci al ti EQT/[‘?‘H&‘)“V\D
01/ 85829 PCT/1B01/01056 21 Fence Ammoni um Sul fate (1% in water solution)
0.2 Urea Peroxide (1% in water soluti@h) 0.1 PART B Crosslinker CX-100
2.5 Parts A and are conbi ned J nd| at e Lght prqportions, and
HDPE sanpl es ?‘é‘&n fﬂ%%goi ?"g?h@anpl es(a% 3. The graft
coati ng was shovvn Watﬂﬁ’@’?‘?s face ener gy of %l | east 56
dynes/cn®, thus confirmng enhanced adhesi'on and paintability. EXAVPLE 4
Organi ¢ Sol vent - Based Grafting SRARIdS -1 with Epoxy Prepol yner Yet

anot her grafting fGCrosslinken@X-p0®pared and applied to a pol 2t hyl ene sanpl e
by the same nmethods described for Exanple 1, supra, but enploying the

fol |l owi ng dlfferent corrp03| jon, own be win .able : | e
Earts by WeiPatsA WG@%?%%#B Rl 40?’%’8% o e @ﬁsﬂiﬂlﬁs 100.0 "
poxy ﬁé:ﬁﬁ ﬁ){a}@p poxy Resin
( Dow Ch??nérgetﬂ%@ E&fﬁ@é@%ﬁ (&etfgne lgs )%yl ene 20.0 Al um num Paste
Et ernabrite Prhegraft @Ws&wﬂ\b}tmetﬁtmwﬂmﬂgyﬁat&aﬁ 56Si | ver
‘0,
Pencol orgyne gm;,ﬁmsco_ thgnhanceqyadhkectafglﬁl sol %ﬁlgyn)

EXAMPLE 4
Organic Solvent-Based Grafting Solution-1 with Epoxy Prepol

Yet another grafting formula was pi:epared and applied toa polyethylene sample by
the same methods described for Example 1, supra, but employmg the follow:ng different

composition, as siown below in Table 4.

Table4 - Parts by
Weight
PART A
* (a) Epoxy prepolymer Araldite GZ 488-N-40 100.0
Epoxy Resin (Ciba Geigy Corp.)
(b) DR.R. GB4 EK 40 . 100.0
Epoxy Resin (Dow Che:mcal)
Methy Ethyt Ketone ' 75.0
Xylene : 20.0
Aluminum Paste Eternabrite Primier 251 PA 8.0
Methy Ethyl Ketone Peroxide 0.2
Silver Perhclorate 0.1% : - 0.2
(methyl ethyl ketone solution) - '
Silquest™ Silane A-151 0.5
(OSi Specialties, Inc., Danbury Connecticut)

- PARTB . :
Desmodue CB-75 - 5.0
Aromatic polyisocyanate
(Bayer Indust. Chermcal Div.) :

Xylene 15.0

* Optionally, either epoxy resin (a) or (b) can be
. used, but (a) was employ.ed n this example.

Parts A and B were combmed in the mcheated we1ght propomons and then the
_mixture was sprayed onto the HDPE substrate, and cured at room temperature for 7 days, or
at 190 degrees F for 2 hours.



SilquesP Silane A-1 51 0.5 (OSi Specialties, Inc., Danbury Connecti cut)
PART B DesNI0E85€® 75 5.0 Aromatic polyi socyanate (Bayer pomimtio168aeni cal
Div.) Xylene 15.0 Optionally, either epoxy resin (a) or (b) can be used,
but (a) was. enployed in this exanple. Parts A and B were conbined in the

I ndi cat ed wei ght proportions and then the m xture was sprayed onto the
HDPE substrate, and cured at roomtenperature for 7 days, or at 190
degrees F for 2 hours. WD 01185829 PCTéi BO1101056 22 The graft coating was
shown by the test to have a surface energy of at |least 56 dynes/cn2, thus

confirm ng enflypsss o@eﬂﬁ%%rshaﬂﬂ gﬁ%ﬁ%hﬂﬁe)as@%ﬁgﬁoﬁ%Mlﬁ
Sol vent -Based ¢rafting Solution -2 with Epoxy Prepolymer and Fl are -
Ret ar dandynas/ems $ins confieming esbanped adhesion gngpaiptebigy.f or nul a was prepared and

applied to a - pol yet hyI ene sanple by the sanme net hods descri bed for Exarrpl e
1, supra, but enploying the conposg 4 al.’ bel ow in Table 5. Table I
Parts ei ht PARI|~A Epoxye(&_%sol '_ Tolv) > aI dite GZ488-N-40
(Ci ba- Gei gy) Met hyl ethl TR A T0.
350.0 (BE Acet at e, Selnfign th Epogy Bre
210.0 Silquest' Silane A- 187 . 50 0

A second organic solvent based grafting formula was prepared and applied to a _

polyethylene sample by the same methods described for Example 1, supra, but _employmg
the composmon ‘shown below in Table 5.

‘Table5 - i
Parts
. Weight
PART A
- EpoXy prepolymer 5 3500.0
. Araldite GZ488-N-40™ (Czba-Gezgy) o
Methyl ethyl ketone 2625.0
Xylene : 700.0
Cellusolve acetate 350.0
(EE Acetate™, Pride Solvents and Chem. Co.)
Aluminum paste 251 PA i 2100
Silquest™ Silane A-187 . 500
(Witco OrganoSilicones Group/OSi Specialties,Inc.)
Ferrum ammonium sulfate ' 25.0
1 % MEK solution
Silver Tgerchlorate 1% MEK solution 25.0
) 1000.0
(Akzo Nob el Chemlcals Inc., Dobbs Feny, New
York) .
PARTB
_ Urethane prepolymer 240.0
Aromatic Polyisocyanate '
Desmodur CB-75™% (Bayer Indust Chem- Div.) |
Xylene ‘ 500.0

Parts A and B were mixed in a ration of Part A: Part B of 10 : 0.87. The resulting
. grafting formulation was spray coated onto the subsirate, followed by a curing step. Curing
was conducted at room temperature for 30 minutes, and then by heating for 30 min. at 160-
180°F. '

The graft coating was shown by the test to have a sutface energy of at Jeast 56
dynes/cm’, thus confirming enhanced adhesion and paintability.



(Wtco OrganoSilicones Goup/OSi Specialties,Inc.) Ferrumamoni um sul fate
25.0 1 %WERL/88RUti on Silver perchlorate 1% MEK. sol uti onPCEIES1OI036 0|

DW/I P 1000.0 (Akzo Nobel Chem cals, Inc., Dobbs Ferry, New York) PART B

Ur et hane prepol ynmer 240.0 Aromati.c Pgjgyi socyanate Desnodur CB-75' (Bayer

I ndust. Chenr. Div.) Xylene '. V 500.0 Parts A and B were. mxed in a
ration of Part A: Part B of 10 : (CEXAMBRE 6 esulting  grafting fornulation
was spray coated onto the sAlaiiwdm Cdlert Goafeddating curing step. Curing was
conducted at roomtenperature for 30 m nutes, and then by heating for 30
mn. at 160-Y&§9§mh39graﬁﬁgfoxﬁﬁmﬁbﬂw@ﬁpmamm bempciwhtsishow@belowin
surface energy of at least 56 dynes/cn®, thus confirm ng enhanced adhesion

and pai Fakibi6l Pest. A wes oaixebwith Part B indba ratioes d 00887 exxomwizht: Bhe anpliad eeaingol or

G aft Coating.Y further araft] f | epared using the
corrponeﬁ’ﬁ%ﬁﬂﬁ?ﬁ%?fzﬁo&%"“ a}g%qné@%%%ﬁ%%?ﬁth Part Bin the
rati o of 100:8.7 by weight. The appl TaBleating was air dried for 30

m nutes at roomtenperature, 30 minutes at 165F. Talpagis@yParts By Wi t
PART A Epoxy prepol yner Araldite GZ 488N40 100.00 MWBﬁjgt Et hyl Ket one
75.00 Xyl ene 20.00.- Cellosolve aCetEAﬁTlQ- 00 :

Epoxy prepolymer |

Araldite GZ 488N40 ' 100.00
Methyl Ethyl Ketone 75.00
Xylene ' ' 20.00
Cellosolve acetate S 10.00
Silane A1100 - 228"
Fyrol™ DMMP 31.50
Silver perchlorate 0.1% solution - 0.21
Aluminum paste 251A : 428
MEK peroxide 1.1% MEK solution’ 0.20

: _ PARTB
Desmodur CB-75™ (Bayer Indust. Chem. Div.) 6.86
Xylene - . 1428
EXAMPLE 7

. Clear Grafting Coating

An even further grafting formulation was prepared using the components shown
below in Table 7. Part A was mixed with Part B in the ratio of 100:25, by weight. The
. applied coating was air dried for 30 minutes at room temiperature, 40 minutes at 170°F.

Table 7 :
Paris By
: Weight
PARTA - _ ,
Epoxy prepolymer Epon 815 =~ : 100.00
Methyl ethyl ketone _ 62.50
Toluene | ) . | ) . 1875
Fyrol™ DMMP | 25.00
Silane A1100 ,_ 2.50
Silver perchlorate 1.1% MEK solution - 0.10

MEK peroxide 1.1% MEK solution - 0.10



Silane All 00 2.28 Fyrol DMW 31.50 = Silver Perchlorate 0.1% sol ution
0.21 Al um rwonopassee 251A 4.28 MEK peroxide 1.1 % MEK sol utrcanms0o/@@ss PART B
Desnmodur CB- 75~ (Bayer Indust. Chem Div.) 6.86 Xylene 14.28 EXAMPLE 7
Clear Grafting Coating An even further grafting fornulati on was prepared
usirng the conponents shown belowin table 7. Part A was m xed with Part B
in the ratio of 100:25, by weight. The applied coating was air dried for
30 minutes at roomtenperature, 40 mnutogs at 170F. Table 7 Parts By Wei
ght PARTA Epoxy prepol ymer Epon' 815 100.00 Methyl ethyl ketone 62.50
. Tol uene 18.75 Fyrol MDMWP 25.00 SiiPARER 100 2.50 Silver perchlorate
1. 1%VEK solution 0.10 MEK peroxide 1.1% MEK sol ution 0.10 WO 01/ 85829
PCT/ 1B01101056 * 24 RAfific BasiehercArivamiteMe16¥hcami ne 1617 S0.00 ( Epoxy
hardener or curing -(Rsoxly lnedepet o difing hgenbesptisieg ammt t hyl enedi ani ne from
Air Products and Chgghéeflhexdishylddddpitifetom Pennsyl vani a) EXAMPLE 8

Air Products and Chemicals, Inc. Allentown,

Pennsy}vania)

EXAMPLE 8
Thermal Testing
The improvement in fire resistance of an HDPE substrate provided by the grafting
- treatment of Example 4, supra, was confirmed by heat testing.
Testing Method | :

‘In brief, samples o:f-the treated HDPE materials, together with untreated controls,
were subjected to intense heat from an 800°C gas-fired heating panel in an ai;paratus
designed for this purpose, a Model B32 SX designed by BSM. The heating panel was

‘rectangular in shape, and measured 25 x 51 cm, and was rated at 11800 Watts. The graft-
treated IDPE sample was light colored, and the untreated HDPE sample was the typical
black fouﬁd in production-grade pipes. ' '

The B32 SX testing apparatus is designed with a heat shield that allows the heating
panel to reach a predetermined, uniform temperature before the test cycle begins. Thus, the
Keating panél was turned on, and after it reached 800°C, the samples were claxfiiped into the
appatatus at a distance of about 12.5 cm from the heating element, and the heat shield raised
(time 0). The samples were observed and the elapsed time to ignition (open fire and the
emission of burning drops) was recorded for éach sample. | |

Results for Untreated HDPE Sample
Temperature of radiating surface : 800°C
| O:OO'min..: sample.was placed in testing stand and heat exposure started.
3:40 min.: sample was openly burning and emitting burning drops of molten plastic.

Results for Graft Treated Sample of Example 4

Temperature of radiating surface : 800°C

0:00 min.: sample was placed in testing stand and heat exposure started.

16:50 min.: sample was. openly burning and emitting burning drc;ps of molten plastic.



Thermal T bl % The inprovenment in fire resistance of an HDPE substrate
provi ded (t:}& 8ﬁ?aftl ng treatnent of Exanple 4, supra, wRETABRoforessed by
heat testing. Testing Method |In brief, sanples of the treated HDPE
materials, together with untreated controls, were subjected to intense

heat from an 800C gas-fired heating p@g in an apparatus designed for

this purpose, a Mddel B32 SX desi gned™y BSM The heating panel was

r ect andRésults for Enafi Treated Sunsple ofBxample $1 cm and was rated as 11800

Watt s raft-. treated HDPE sanple was |ight colored, and the untreat ed
HDPE saﬂ%‘m?g qfﬁgdlpmggfacegﬁ(bg( found in production grade pipes. The B32

SX t est(.00ndRP JadbisSw [ Hle#t%ﬂd gumé t allows the heating
panel to reacﬁ %r edet el?%}ﬁr%g? orm enpg@%ts&le ore the test cycle
begi ns.1810(upin.t Isanplemasopgnlga:mng\m dfimedlienipldsigched 800C,

t he sanples were clanped into the apparat us at a I stance of about 12.5 cm'
fromthe heating .elenent, and the heat shi eI d raised (time-0). The sanples

wer e Observeﬂaeﬂé'%shﬁﬁfc@dﬁ'ﬁﬁﬁﬂt&dl P&{# é/ﬁm’é én'?t‘} m ssi on
of burning dr ops) was recorded f eac ﬁh&g esu : orqgl %ﬂgd HDPE
Sanpl e Proddedby the grafitreatmemat i ng surface : 800C 0:00'min.: sanple was

pl aced in t d and heat,.ex sanpl e, was
openl y bur ni %mﬁlg’ 5%%@% m’t‘%ﬁgﬁ@ﬂw%ﬂﬁ e@tﬁ“ﬂ lﬂP%dJscl‘P@E?HQfs f or
G af t Wmam@mfpbﬁtmh&e@wt@feﬂﬂ@m&abﬂmﬂ radiating surface : 800C
0:00 min.: sanple was placed in testing stand and heat exposure started.
16:50 m n. sanpl e was openly burning and emtting burning drops of nolten
plastic. WO 01/85829 PCT/I1B01/ 01056 25 Results for G aft Treated Sanple of
Exanple 5 Tenperature of radiating surface 960C 0:00 mn.: sanple was

pl aced in testing stand and heat exposure started. 18:00 mn.: sanple was
openly burning and emtting burning drops of nolten plastic. These results,
confirmthat a significant increase in heat resistance/tinme to ignition is
provi ded by the graft treatnent. Numerous references are nentioned

t hroughout this specification, the disclosures of which are incorporated
herein by reference in their entireties.




WO 01/ 85829 PCT/1B01/01056 26 WHAT IS CLAIMED IS: -1. A graft coated
substrate, Weeo1SsEtrate conprising polyethylene, and a grap¢T/IBVRR10560

coval ently bonded thereto, wherein said graft coating conprises a non

pol yet hyl ene pol yner or copolyner:, 2. The graft coated substrate of claim
1, wherein the graft coating conpri se52§ pol ymer selected fromthe group
consisting of a urethane, an epoxy, a polysilicone, and conbinations or
copolynmers thereof. 3. The graft .coated substrate of claim1 wherein the
graft coating conprises materials selected fromthe group consisting of a

pi gnent mqligr%t@@])ﬁye retarding agent, and conbinations thereof ' .
4. The graft coated substrate of claimi1, wherein the substrate conprises a
pol yet hyl ene Il vi?*r%af&‘?i@ﬁ‘sﬁ“bﬁ o i snu‘gﬁ%tnmmp%@mm 818 about
0.940 ¢

pol yet hyt%g HLiE 00V ﬁ%@ﬁ’ age’ %aﬁfm ﬁt‘g%"?ﬂ“n?‘ 5%%@%@‘3&‘%0 000
amu to atpol braopolﬁﬁﬁ-\arm 6. The graft coated substrate of claim1l,

wherein the subst rate corrprl ses a _pal yet hyl ene sel ected from,t he group
consi sting of 2 dkedEsftee 1, svhierei the @W%&§W9H%F§Iayet hyl ene,

a nediu &@tﬂ p Y.

densi tngwEMPecu§%% 0 yeE g?]ééﬂéﬁe,%%ﬁkg,dﬁfmh&ng *fa hi gh
mol ecul arcoiingtidbns ambpelymei-saha-eoﬁn ul t rah| gh density pol yethyl ene, and

conbi nations thereof. 7. The graft ' coated subhstrate of claiml that is

formed into ad amea@cs?ﬁﬁﬁﬂtﬁtretepﬁﬂélm%étl@&%ﬂtqarmmgg?weeona sting

OLat?t P! pgnéggx}]a:l%%éﬁe or ?{fg E%df{ﬁ%mon%t’t | on%%(ﬁ%ﬂeSOrThe

graft coanddombinstiomsttheretf ¢l ai m 7 wher ei ncthe pipe is selected fromthe

O o 67 ne " Enelisoalel R SRR bl S BBl one "

thereof . ivediyferdtbing Caqehe Sr’ﬁh%ﬁéfr@ﬁa%@ﬁt@b%gb:?ﬁ‘t@%&tt(}ﬂb%cﬁﬁ)e s

sel ected fromthe group con sin ipé wth a

plurality of Vel Tbeﬁl@ﬁtceateémdostatem alaimd tbatmempnﬁﬁspepo hevinglan

i nsul at i 9 plurality of
concent ri%® aﬁgﬁﬁ%%%%%%wgfo% EF%@W%@@&‘@%@?%&“@% claiml
tgattrigi sts r%il‘hegafﬁcwéteat hlsﬁlsmatbt dl‘fQIanﬁl%miterenﬂhd béisﬁhktrmrcgmpg' sdsraom about 1 to
abou m nut es e article is, tested by, exp to a p anar

heat ed sURolYsdEyleneselep Hﬁ@ﬁ@aewpémemr@ftwém%wﬁ'gﬁw 0800 to

about  96Qensity polyethylene, a medium density polyethylene, a high density polyethylene, a high
' depsity, high molecular weight pblyethylexte, a high density, ulira high molecular weight
polyethylene, an ultra-high density polyethylene and combinations thereof.
7. The grafi coated subsirate of claun 1 that is formed irito an article of manufacture
selected from the group consisting of a pipe or tube, a.curved or planar sheet abeam, a
board, a rod oF shaﬁ, a’container for solids or ﬂmds, and combinations thereof
8. The graft coated substrate of claim 7 wherein the pipe is selected from the group

consisting of straight pipe, bent pipe, a straight pipe joint, an elbow joint, an end-cap, a heat-
shrinkable joint, and combinations thereof. '

9. The graft coated substrate of claim 7 wherein the pipe ié selected from the group
consistinig of smgle wall pipe, pipe with a plurality of walls nested one within the other, pipe
with a single msulatmg layer between two concentric walls, and p1pe with a plurality of
concentnc insulating layers

. " 10. The graft coated substrate of claim 1 that résists melting and burning for a time
_ period ranging from about 1 to about 18 minutes, when the article is tested by exposnre to a
planar heated surface that is heated to a temperature ranging from about 800 to about 960°C,

AR




121113111111 fell INITIITl WO 01/85829 PCT/1BOL/ 01056 27 and wherein the
heati ng WRAESS82S a rectangl e that measures about 25 x 51PCHIBoAtdsshe graft
coated substrate is positioned at a distance of about 12.5 cmfromthe
heating panel. 11. The graft coated substrate of claim1l that has a surface
energy ranging fromabout 56 to abogy 80 .dynes/cnR. 12. The graft coated:
substrate_of claim| that has a surface energy of at |east 80 dynes/cnR.

13. Aawwbeeesnlhs—rhen’ewmehg aipetaugle fhat meayures abort 26 H 51 gax Ayd deeraftibstrat e,

d
COTDY a8 B Bkl g Rl 2SO BB 2 0
corrp05| t | orllcdﬂqergrﬁoqatufs‘ubsltateefclam@ﬁathaéaarfmaemgyrmgﬁg)ﬁ'mbouta graft

“ini t| st and-- a pol ynmerization pronoter, under condl tions
effec 319‘81 %ﬁdﬁ'ﬁgﬁg‘”&?aftl ng of the nononer or. prepolyrrer to - - -the solid

Poe o o2 Byl oot e 380 1 e A MR BRLH Br aP BB b o

pr eepdyuégidm? s -sel ected fromthe group consisting of a vinyl nononer, a
. ur et hane nononer,  an._ epoxy nononer, a silicon.. based nononer and

conbi nat i orS. tAeprecﬂss fmr&nodif}mgjheseﬁacem&‘ asbhd polysthylene sibstrateccomprsing

initiator sent- in u ffectiveeto initiate

r adi ca?Pv?lS'flﬁPﬁﬁaﬁPﬁ h?a‘géésﬁgﬁngg?wgé’ﬁ‘@ﬂfg@ Q‘F&% ' 16. The process of

cl ai m(zl itd‘ak&lﬁi ?éthyllaﬁe &b@lﬁ'ﬁe d lﬂd&%ﬁﬁésﬂidh ﬁ@‘eﬂ'e%iﬂ'@” rangi ng .
u

from about 0.01 to abo 0% by WEIg 17. The process of claim15 _
\Aherelamqmts@#aempmmmmeb'mes agrnfi dnifiator, aoatelysbangt s pelymedigdtion: i ng of ions

" . ot B S OO A B R A o ™

l'i qui dhesammyemymsubmmwm;mgonmubaaﬁegm about 0.1 to-about 5%
by vvel(ght 19 ‘The process of claim 13 wherein the catalyst is an sel ect ed

fromt applied coMMesitighnenzoyl peroxi de, methyl ethyl “ket one
per oxi de, 1IzP égﬂ&é&%%@@l lﬂ%h%%ﬂﬁ%oﬂ?&'o?ﬁégb of Y sefdted i He0CESS
of claim 13 wher e polynmerization pronoter resent in a
concergroep cansistingef'td viaylmonmsrs a wrethane mmlomen:anlepwkymbnmnunasﬂnon-or
prepol 21 The r Ge m 20 wherein-the pol ynerization pronoter
: gaﬁ%‘i onﬁﬂ% Fl}ege(%' qui d crosslinker. :
15. The process of claim 13 wherein the graft initiator is ametal ion, presentman '
amount effective to initiate radical formation in the polyethylene subsirate. _
16. Theprocess of claim 15 wherein the graft initiator is presentmaconcentratmn
ranging from aboutOOlwaboutl 0%, by weight. _ T
By 17. The process of claim 15 wherein the grafc initiator is selected fromthe group
. eonsistmg of ions of iron, silver, cobalt, copper, ceritm and combinations thereof.’

18. The process of cla1m 13 wherem the catalyst is apetoxlde present in the hqmd
composition in a concentration ranging from about 0.1 to about 5% by weight. '

19, The process of claim 13 wherein the catalyst is an selected from the group
consisting of benzoyl peroxide, methyl ethyl ketone peroxlde, I-butyl hydroperoxlde and
combinations thereof.

20. The process of claim 13 wherein the polymenzauon promoter is present ina =
concentration eﬂ‘ectlve to react with, and crosslink, the monomer or prepolymer '

21, The process of claim 20 wherein the polymerization promoter is a polyfunctional
azmdme liquid crosslinker. .

22. The process of cla1m 13 wherein the substrate is a polyethylene having a denS1ty
' rangmg from about 0.930 3 to about 0.940 gem?,

1lmgumg/ng/m:gnny/ -




22. The process of "claim 13 wherein the substrate is a pol yethyl ene havi ng
a density WMOHERY from about 0.930 cm 3 to about 0.940 g RC¢HA/BB01/61056
wrepverrraaeerrrrr o Msll WO 01/ 85829 PCT/1B01/ 01056 28 23. The process of
claim 13 wherein the liquid conposition,is applied to the substrate by a
met hod sel ected fromtii group consisti ?lé) of brushing, dipping, spraying

and conbi natief & O%Jm-rf?wg&girhg%gls@hd%bﬁ?m o if ol HRSuBaRd ed

conposi tion is self-curing. 25 ereln the applied

conposi t i bynainmethndrseléclod fopuitit g@wnemmmd&mbhgldlﬂpmg,@rmnmer ature and
for a durat| n sufficient to cure the applied coating. 26. The process of
claim25 Gf® ﬂ? lied conposition is cured at a. tenperature

ranging from abpuindfiobds 8kl PHRRERE 188 Sorfiod Bipdsifdn B silebhith. T a0 NG

from about 30 m nut'es to about 6 days. The process of alm 13 wherein

the 1iquid conRisThe pmcdss pficlaim bSJWbenemhe applmdmpmmmbmedbydnme

phosphor ofRECaRERS FOHBmpeeatae ot 3 Gy uiRenct Cu Ty SuBfies sORRr i n 1 he

flane retardangg, mob@ssﬁélsﬁzﬂwhe&mﬂléapplﬁa@uﬂp&ﬁﬁbﬂl§bﬁ&aaea chl ori nat ed

phosphat e esters, am ne derivatives, oligomeric phosphate esSters,

br onpar vyl WW@@M@@ abod 200 degseasiFa for s tirsoperindaanging from of

cl aim 27 e tardant i s selected fromthe group consisting
of di met h§?° “ﬁgp ‘% o{é’p?ﬁéﬁzﬁ‘gay&du etbtyl N, N-bis (2 hydroxyethyl) |
am nonet hyl  phpsThopreteas oﬂémﬁﬂl@maeﬁﬂhehqau&ﬁhp@émmﬁh@mﬁwat e, tri
(1, 3-dichloroiso ropyl) phosphate ol i goneric phosphonate, tributyl

phosphat eCOmBQRW gWbny| phosphate ester, and conbinati ons

thereof 31. Ths g]l@! %ﬁﬁ ﬂgg i's

di met hyl et hy§ p.gﬂeggtéger?gpf ﬁ%ﬁe proggg?gg%a; %&r%e%géﬁ%er e l'iquid

conposi t i based Slafnerstardantepar ed wi t hout  the pol ynerization pronoter, and the

process furthe ri-ses of Xi t he ol ynerizati o prom)t er

with the Iiqui e £gss ghe qﬁ@é’f%&%ﬂé&??ﬂ#“@ﬁ%ﬁ% B Bosi tion

to the su Mhelamida ﬂUﬂ:‘gp

conposi ti gﬁﬁ.\ P urt elrﬁégg%lrsflgatg&g Iﬁ{te Sét&k, %ﬁ%ﬂwk@%hkb hosphats
esters, bromoary] ether/phosphate product, and phosphonates.

30. The process of claim 27 wherein the flame retardant is selected from the group
consisting of dimethyl methylphosphonate, diethyl-N, N-bis (2-hydroxyethyl) aminomethyl
phosphonate, oligomeric chloroalky! phosphate/phosphonate, tri (1, 3-dichloroisopropyl)
phosphate, oligomeric phosphonate, tributyl phosphate, isopropylated triphenyl phosphate

- ester, and combinations thereof.
31. The process of claim 30 wherein the flame retardant agent is dimethyl
methylphosphonate,

32. The process of claim 13 wherein the liquid composition is first prepared without
the polymerization promoter, and the process further comprises the step of mjxmg the .
polymerization promoter with the liquid composition prior to application of the liquid
composition to the substrate.

33. The process of claim 13 wherein the liquid composition further comprises a
polymer selected from the group consisting of a vinyl polymer, a urethane, an epoxy, a
polysilicone and combinations thereof, wherein said polymer is suitable for grafting to the
substrate,

34. A solid polyethylene substrate comprising a graft coating covalently bonded

| T




pol ymer selected fromthe group consisting of a vinyl polyner, a urethane,
an epoxy, VRO OHBILi | i cone and conbi nations thereof, wherei RCHBWOMSSyner s
suitable for grafting to the substrate. 34. A solid polyethylene substrate
conprising a graft.coating covalently bonded thereto, prepared by the
process of claim13. II1!MilllJ tI1111(11 1111121111,11 s WO 01/85829
PCT/ 1 B01/ 01056 29 35. An article of manufacture conprising a graft coating
covalently bonded thereto, prepared by the process of claim13. 36. A

| iquid conposition for graft coating angolid polyethylene. substrate with a -
coating 'that conprises at |east one non pol yethyl ene pol ynmer, conprising an
effective arfdurin aticle afmeonfaciuye comprisihg agraft coating Eovalenitlyi twinded therstqt al yst .

and a p(yrgp%g}g&lg%@gg%rm.lllIII/II ~LErrrrrrr e~/ s 111
36. A liquid composition for graft coating a solid polyethylene substrate with a
coating that comprises at least ;me ndn-polyethylene polymer, comprising an effective
~amount of a monomer or prepolymer, a graft initiator, a catalyst anda polymerization

promoter.
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