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1

C.'OMPOSITE FIBER C.'KAIENT ARTIC'I,fi
WITII RADIATION CURABLK

COMPONEIN'I'FJ,ATED

APPLI('ATIONS

'lliis application claims the benefit of U.S. I'rovisional
Patent Applicauon No. 60/506.172, filed on Jan 12, 200K
wluch is hereby incorporated by reference in its entirety.

ofachieving these pertiirniance characteristics with mibstan-
tially reduced of cost and materials.

It is thus an object of the present invention to provide a

composite mticlc and methods of making that article which
1 wdl overcome ormneliorateone ormoreofthe dieadvantages

of the prior art.

SUMMARY OF THE INVENTION

BACKGROUND OF THE INVL1NTION 11

1. Field of the Invention
'lliis invention generally relates to composite building

articles. m particular to composite liber cement builduig
articles incorporating one or more radiation curable compo-
nents, including fortnulations and meth(1rls of lllaking thc

composrte articlcs.
2. Description of the Related Art
Fiber rcinforccd ccnwnt (FRC') products are increasingly

beuig uscxf in a variety of building applicauons and climati- n

cally different regions. FR('roducts have gained favor for
tlmir infmrcnt lire, wnter. pest and mold resistance, as ivcll as
their general afforihnbility. However. contimied cyclic expo-
sure to wetting-drying cycles, freezing-thawing cycle~, U'1'xposureand atmo sphertc carbon dioxide can cause physical
and chemical changes in FRC products over time. 11RC build-
ing materials cmi also be subject to physicnl damage during
handling shipping and installation.

Coatings, mid lmninates have been developed to protect
FRC pmducLS to reduce fiie detrimental ellecLs of exposwe sn

and handluig and sumiltaneously provide a decoratrt e surface
I'nr FR( products In cases where the fibi:r ccnmnt articles arc
treated by the apphc au on ofa surface mratutg. the end product
often still remains susceptible to both physical and chemical
modes ol'degradation ( oatings and lmninams are inhercmly is
surface treatments and are susceptible to loss of adhesion or
delmninating I'rome substrate upon repeated exposure. While
is it well known to usc adhesion promoicrs or coatings or
adhesives tliat are chemically reactive with the substrate to
improve adlmsion, this straten~ is not always successful in an

mmntaiuingadftestonovermany years nl'outdoorexposurein
extreme climates or severe conditions, such as wet envimn-
mems experiencing many freezo/thaw cycles. What is needed
is a means ofmaintaining a decoranve surface on 11(C mate-
rials in extreme conditions. s.

Similar to environmental damages. mishandling durtng
installation cmi nlso negatiimly impact thc service lifb of on

FRC product Mishandling niay cause the applied surface
coating or inminate to crack, tear or suffer abrasion na mage or
delamination If the integrity of the surface coating or lanii- n

nate is compronused, repeated exposure to extreme envmin-
ments may lead to loss of adhesion mid dmnage to the under-
lying FRC'ubstrate What is ncedcd is a means ol'auitainingll(C product integrity in spite of surface damage
to a coating or laminate. s

In view of the foregoing, there is a need for an FR('om-
posite with a decorative or functional surface, such tlmt thc
appearance md integrtty o I'he surface is maintmned even ui
extreme enviroiuncnts, and w lfich simultaneously provides a

means ofmaintaining the into rt ty oDbc compos i ic should its mi

surface become damaged or compromised. There is also a

need to substantially reduce tlm number of treatnwnts
required to allow: the composite aclueve a requisite level of
perfortnmice in a given apphcation. To tlus end. there is a

pmticular aced for mi FRC product that is simultaneously r

lughly ivear resistant, water resistant, resistaiu to damn e

over a long exposure to freeze/thmv conditions and is capable

In one aspect. the preferred embodunents of the present
invention provide a composite building article Imving a lirst
zone iihich comprtses predominmitly fiber cement, a second
zone wluch comprises predominantly a radiation curable
material. and a subsurfhce interfacial zone interposed ther-
ebetween. The subsurface uiterfacial zone preferably com-
prises nn interlocking matrix fomicd of thc radiation curable
materi nl and fiie tiber cement, wherein the interfacial zone is
configured to increase the durability of the building article.
Prefi:rably tlm interfacial zone is present to a predcterniincd
extent through a cross section of the composite article The
mdiation curable material can be selectcxf fmm the group
consisting ofcpoxics, urethanes. polyester~, acrylatem mcth-
acrylates, thiol-acrylates. unsatumted polyesters, polyester
epoxies, urethane acrylics, styrene and functionalized sty-
renes or nuxtures lhereof. In one embodiment. the tluckness
of the subsurface interfacial zone can be controlled by modi-
fying a characteristic selected fmm the group mnsisting of
lite poloslty of tile fll'st zolle, viscosity of the c'lrllel'olutloll
for the radiation curable material, the viscosity of the radia-
tion curable material itself, the wetting behavior of thc radia-
tion eumble matenal und the reacuvity of the mndiation cur-
abli: malarial with tlm material of lhe first rune In nnc
embodonenL the first zone conmpn sea a liber cement substrate
having a porosity ofbetiveen about 2%-g0%s by volume, more
pre I'crab ly bctwccn about 20%-40%. In mto tiler einboduuwit,
the entire cross sect inn of the compo site builduig a rue le co m-

prises tlm subsurface interfacial zone In another embodi-
ment. thc subsurface interfacial conc is integrally I'ortncd

with the first and second zones, and has a tluckness of about
I gm t(1 1,000 Pm Preferably, the radintion curable materinl ifl

the subsurfaim interfacial zone contains substantially no cata-
lyst and is curable primarilv by radiation. 'Ilia composite
building nmterial is prefi.rably selcctccdf from the group con-
sistuig of cladduig panels, sheets, boards, planks, tnm. col-
unuis and pipes.

In another aspect. the preferred embodiments ofthe present
invention provide a building article wherein at least a portion
of the matrix of the building article comprises a network
formixl of tiber cement and a radiation curable material. Pref-
erably, the network is conftgttrcd to increase the durtlbility of
the buildinng article. In one embodiment. the fiber cement and
mdiation curable material are interspersed throughom the
matrix of thc building matcfial Preferably. the radiatinn cur-
able matenal is present in tiber cement material pores w ith a

mean porc size greater than 0 01 microns. In another embodi-
ment. the building article further comprtses reinforcement
fibers wherein at least a portion of the fibers are treated with
a radiation curable material. In yet anotlicr embodiment, the
building article fiirther comprtses an exterior coating fortned
of predonunantly the radiation curable material. Preferably,
the extenor coatm is integrally Ilormed isith the network so
as to increase the adhesion between the exterior coating and
the matrix ol'thc building article. In an altcrnatc enibodimcnt,
ihe builduig uticle comprises m exterior coating illnch is

applied to at least one surface.
In yet another aspect, the preferred embodiments of the

present invention provide a method of forming a building
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product. Tim method comprises applying a mdiation curable
material to a fiber cement substmite. wherein the radiation
curable material extends into the substrate in a controlled
mammr and fitmts a regiim comprising a mixture of the radia-
tion eumble matertal and fiber cement. I'he method fiirther 6

includes applying radiation to cure the radiation curable
material in the substrate so as to I'orm a three dimensional
network of radiation cured matertal and fiber cement. Prefer-
ably, ilectron beam radiation is npphcd to cure thc radiation
curable material Preferably, the radiation curable matertal io

directly contacts the fiber cement substmte. In another
cmbodimcnt, the radiation curablc matertal is cured ma mul-
tis1age process.

h1 ivt another sapient, the prcf(.rrcd cmbodinwnts of the
present invenuon provide a method of formutg a building i.

product. The method includes the steps ofcombimng a radia-
tion curable mnterial with ingredients for fortninoo a fiber
cement aimposite material, forniing n rect shieet ~herein
the radiation curable material is distributed tluoughout at
least n portion ofthc rccn ah(xt. nnd curing the green sheet to 6

form n building product contai rung a nenv(irk offiber cement
and radiation eumble material In one embodiment. the
method fiirther comprises bonding the reer sheet to an
iuicured fiber cement substrate prior to curing the yeen sheet.
In anotlmr embodiment. the method further comprises apply- "

ui a coat(a to at least one surface the build(a product.

BRIEI'ESCRIPTION OF TIIF( DRAWINOS

FK(' is a cross sectional view of a coinposite building „"6
article of one preferred embodiment. ahois ing a subsurface
interfacial /one fonnixf in the article;

I'IO. 2 is n cross sectional viev of a composite buildin
article of another embodiment. shov, ing two subsurface inter-
facinl zones fomied in the article;

FKi. 3 is n cross sectional v(ew of n composite building
article of another embodiment having subsurface interfacial
zones formed adtacent to the extertor faces of the buddnig
article:

Flfi 4 is n cross sectional vice ol'a composite building
st(

article ol'nother embodiment having discrete subsurface
interfacial zones fiirmed in the substrate of the article:

FK(' is a cross sectional vi(w of a coinposite building
article of miother embodiment lraving rtvo ditferent tilies of
subsurface interfacial zoiws formed in the substmtc of the
article,

FKi. 6 is a cross sectional view of a hollow composite
building article incorporating a suMurface interfacial /olla
adlacent to the ouier surfaces of thc building article.

VKi. 7 is n cross sectional view of n hallow composite
o

building articlc incorporating two difl'crent types of subsur-
face interfacial zone in the article:

FKi. 0 illustrates a process for forming a composite build-
uig article of a preferred embodiment af the present uiven-
tion: and

:(
FKi. 9 is a chart comparing the ILB results after freeze-

fiiaiv cycling of a compressed I'RC of one preferred embodi-
ment iv ith the results ot'an equivalent compressed FRC sheet
without illly lllterfacial /onesn i(lid

I'IOS. 10A and 10B are photogmphs shovnng nn FRC
6o

article ofone preferred embodiment after cuttino and freeze-
thaii cyclutg.

DETAILED DESCRIPTION OI'IFE PREI ERRED
F:MBODIMLNI'S

6

The preferred embodunents of the present invention pro-
vide a composite building article having one or more subsur-

face interfacial zimes which is fiimmd of an interlocking
nertvork of hber cement and radiation eumble mntenal. As
wil I be described in greater detail belows the interfacial zones
are prcfbrably integrally formed with the substrate and;m
externir surface of the budding article ta provide an effective
interfacial to ingress ofenvironmental agents and improve the
durability, weather resistmice. strength, toughness of the
biulding article.

References (vill n(iw be innde ui thc drawings whcrcin like
nunierals refer to hke parts throu bout. FIG. 1 schematically
illustrates a cmss sectional view of a cnmposite building
article 100 ofone prclertosf embodiment of the present inven-
tion. As shown in FIG I, the builduig article 100 enerally
includes a substrate 102 which is fortned of predominantly
tiber cement. mi exterior layer 104 which is formed of pre-
dominmitly a radiation curable material, and a subsurface
interfacial zone 106 which is t'ormcd of a netivork of fiber
cement mul radiauon curable matertal The term *'predomi-
nantly" as used herein sf(all mean comprising more than 50"/o

bv (vclght.
I'he substrate 102 of the composite builduig article 100 in

Flfi. 1 is preferably porous mid'or hydrophilic. The substrate
cmi be made of a vartety of different materials such as a

gypsum composite. cement composite. geopolymer compos-
ite or other composite comprising an inorganic binder Pref-
embly. the substrate is a low density tiber cement board hav-

ing a porosity of about 40'/o/00"/o by volume, a medium
dells1(i'iber cement board hai uig a porn)i ty o I'about 20-40 /o

by volume, or a Iugh density/compressed fiber cement board
havilig a pains(tv'f'bout 2%-20/o by volume. As will bc
described in greater detail below„ the porosity o I'he substrate
ca(1 nisei be modified by mechanical or chemical treatment to
control thc fortnaiion of the inter fnc(al zmic Thc porosity of
the substrate can be broken dov n uito five ma for groupings as
follows.

1) Air Pores (about 100-10 microns) These ref etc to macro
pores caused by poor packntg. liber clumping, deivatenng
ctc. Sonwtimes they are simply refbrred to as cracks or inter-
lainuiar pores

ii) I-'iber Pores (10-1 microns). These relate to pores inher-
mit in thc lignocellulosic libera speciticaiiy due ta their tubu-
lar structure and skew-like shape.

iii) Meso Pores (1-0.1 microns).
iv) Capillary Pores (01-0.01 microns). These rclnte to

pores origuiating upon depletion of free water in the matrix.
v) Ciel Pores (0.01-0.001 microns). These pores relate to

the cement or 10 binder mtcropores and are quite small in size
and difficult to modify.

Witlmut w (shing to bc bound by any particular theory. the

Apphcmits have hypothesized that the properties of substrate
102. in particular durability in extreme climactic conditions,
mav be lurked to modifying or treaiuig the pores in the result-
ant building article, particularly to those pores with a nieiui
porc size betwivn 0.01 niicrons and 100 niicrons and most
particularly those pores with a (tean pore si/e betwicen I

micron nnd 100 microns.
Tlm substrate 102 can bc sanded, machincxf, cxtmdcd,

molded or otherwise formed inio any desired shnpe. The
substrate 102 may be fully cured. partially cured or in the
imcured "green*'tate A variety of different fiber ccmcm
compositions mid methods ofmal ing fiber cement substrates
can be used for thcsc npplications, such as those described in

Austmlian Patent AU515151. PCT Apphcation WO
0160547, and PCT Application WO9845222, which are
hereby incorporated by rcfercnce in their entirety.

The subsurface interfacial zaile 106 illustrated in FIO. I is

preferably inteyalfy formed w ith the substrate 102 and com-



US 7,754,320 B2

5
prises an intimate blend of fiber cement and one or more
rad&ation eumble coniponents. The raC&at&on curable compo-
nent interpenetrates the voids and interstices in the fiber
cement and mechanically interlocks with thc tiber cement to
form a subsurface tluee-dimensional network, which sub-
stantially resists the icy ass ofenvironmental agents such as
water Preferably the rad&ation cun&ble component &s present
&n pores with mean pore diameters greater than 0.01 micmns,
more prefi rably thc radiation curablc con&poncnt is present in
pores &vith a mean pore d&ameiers between 0.1 and 100
microns. Most preferably the radiation curable component is
present m pores with a mean pore diameters betwcmi I and
100 nucrons. In some embod&ments, the rsC&at&on c«a&hie

component is also chemically bonded to the pore walls of the
substrate 102 and/or the reinforcement libera Because the
interfacial zone IU6 is integrally formed with the substrate
102, it is much less susceptible to dago&dation and damage as
compared to conventioual pretext&ve coatings or lamina&as
formed on the exterior surfaces of building articles. The num-
bor. shape, distribution, and thickness of tlm intcri'acial /onc
can be selected based on the intended final use of the cotil-
posite anicle. In onc embodiment, the interfacial zone 106
comprises substmit&ally the entire tluckness of the compos&te

article. In another embodiment. the interfacial zone 106 is
about I to 1,000 pm thick, preferably about 5 to 500 &un thick,
more preferably about 10 to 200 pm th&ck.

'lite ra&hation curable component in the interfacial zone
106 preli:rubly contains substantially no catalyst and &s cured
primanly by radiation such as UV. IR, NIR nucrowave. or
grill&11&a &adiation, morc preferably by electron beam (I;B)
radiation. The radiation curable component cmi include but &s

not hmited to polymenc n&ate&&als such as epox&es, urethanes,
polyesters, acrylatcw methacrylatcw and compounds luiving
nniltiple fiu&ct&onal types such as polyester epoxies and ure-
thnne acrylics. In one embodimm&t. the mdintion curable
component may bc monomers, oligonmrs, or polymer. Thc
oligomers can be prepared from a mange oi monomers vuth
functionality including but not limitoxi to isocyannte,
hydroxyl. polyethcr. cT&oxy. ciuboxylic acid. free radical sys-
tems such as thiolene systems (based on the react&on of mul-
tifnnctional thiols and unsatumted pofyenes, such as vinyl
ethers; vinyl sulfides: allvlic ethers; and b&cvchc enes);
amine-ene systems (based on the reaction of nndtihu&ctional
amines and unsaturated polycnes), acctylcnic systems, sys-
tems wherein the reactive port&on ofthe component is internal
rather than terminal: other vinylic (e.go styrenic) systems;
ac&ylanude systems, allyl&c systems: itaconate systems and
crotonate systems; and catio&uc cure systems such as on&um

salt-u&duced vinyl ether systeins and epoxy-tcnnuiated sys-
tems u.h&ch react by ruig-opening; and any others based on
compounds possessing reactive termini. In fact, v&rmally am
1'unctional gmups which cure by irradiati&m. thermal or other
memis but do not adversely aifect the desimble propel&es
(i.c, thc oxidative, thcnnal and hydrolytic stability and tlm

moisture resistance) of the cured composition are envis&on&xi

to be suitable for radiation curable component 1U6. Radiation
cambia components comprising thiolmm mc especinllv pre-
ferred v here the r xli au on curable component & s to be cured ui
'& ll.

Radiation cunsble componcn& 106 may also comprise
monomers including but are not limited to acrylate or meth-
acrylate functionalizcd alcohols, diols and polyolw acrylate
or methacn late functional ethoxylated and/or propoxylated
alcohol. diols m&d polyols. and acrylate or methacrylate func-
tional ethylene and pmpylenc glycols and ethylene nnd pro-
pylene polyglycols, und other ethylen&cally unsatumted
monomers such as styrene, and functionalized styrenes.

Other monomer& effective in preparing such composites
include but are not limited to derivatives of &u&satumted car-boxylicc

acids and

disc &ds

such as mal cate and hunarute es ters,
and vinylic limctional materials such as vinyl ether&, mid

vinyl pyrrolid&n&es. Blends or mixtures ol'fm mduuion cur-
able components described here&n may also be used. Addi-
uves such as pigments, nuneral extenders, surfactunts, anti-
wenm agents. dyes, plasticwers, stabilizers, shockproofing
&gents. uisulatuig agents, flame retarding agents can also be

&o added to the radiation curable component to improve tlm
physical-chem&cal properties ol'the finished pmxluct,

The radiation curable component is preferably 100'!o solids
and has low VOC content. Alternately the mdiation curable
component may be dissolved, suspended or emulsifioxi in a

'luid. includ&ng but not lunited to an orgmi&c solvent, ~ster a

supercritical fluid such as CO2. The rad&at&on curable com-
ponent preferably has a solids content higher than about 50%,
more preferably higher than about 70%, iuid even more pref-
emblv about 80%-100!o

sol 
&ds. In some unplementations, the

"(1
rsdintim& curable component may also contain viscosity
mod&fy &ng agents, surfactunts. or mineral lillers. 100'/o sol&ds

composit&on lmve been found advantageous in funning the
interfiicial zone The viscos&ty of the high solids &mimposit&on

is preferably eng&neered to aclueve a predetermined Cistr&bu-
'ion v ithin the fiber celucl&t Irlatrix and voids In one embodi-

ment. monomers may be used modify the v&scosity oBhe lngh
solids mdiation curable component. Prefembly the high sol-

ids ratim& curable component has a monomer content ol'etween.
I and 60% by weighb more preferably between 2

"(1
and 4(F/o and more preferably less than 40%o and greater than
5ogo. 10!o. 15o/o, 20!o, 25%, or 30% If euiulsion based sys-
tems are used, it is preferable if the emuls&on particle s&ze is
miginecrixi to facilitate void filling.

The exterior layer 1U4 of the building article IUU in Vl(i. I
composes a layer of protect&ve coating such as rad&auon

curable coat&ng, or thermally curable coatings, primers, seal-
ers, or the like In sonm emboduncnw. &hc cxtcrior layer 104

composes the same raduition curable material as that &acor-

n
porated ui the interfacial zone 106. As will be descnbed &n

grmiter detail bclo&v, thc extcr«&r later 104 wm be integrally
formed w&th the uiterfacial zone 106 to enlmnce the adhes&on
betwoeen the exterior layer 104 and the substmte 102 Advan-
tages&usly, the continuous exterior layer 104 in cmubinatmn
with the subsurface three-dimensional network of radiat&on

curable material and liber cement 106 improves the aesthetics
of the product and improves thc lmi tern& durability of the
product in extreme conditions. Additionally, the continuous
extcrior layer may also serve as a means of transmitting

(i
energy or an iiutiatui species to the lower subsurface curable
material wlfich othenvise would be difficult to reach by the
prunary mdiat&on source.

It &vill beappr&eeiamd that the number. loca&am, and con-
li uration of the subsurface uiterfac&al zones w&tlun the build-

;; ing article can vary based on the design and intended purpose.
A single or mult&pie uiterfacial zones can be uicorporated
u itlun the bu&IC&ng article with each &nterfuc&al zone contain-
ing one or morc radiation curable components FIOS 2-7

schemat&cally illustrate various embodimenis ol'uildu&g

r &
articles which have one or more subsurface interfacial zones
distributed within thc article in various m&umcrs

FI(i. 2 schematically ilfustrntes a cross sectional view of a
compos&te build&ng article 200 ofone such embodiment. The
building article 200 has a fiber cement substrate ZUZ, two
opposing exterior layers 204a. 204R m&d nvo integrally
fiinned subsurface interfacial zones 206a, 2066 each uiter-
posed betv;een the fiber cement substrate 202 and an exterior
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lnyer 204&&, 204'. '11m exterior layers 204a, th are preferably
coated u.ith a protecuve coating such as a radiation curable
sealer.

I'Iti 3 sho&vs a cross section view of a composite building
article 300 of another embodiment. The building article 300 s

has a tiber cement substrate 3U2, and subsurface interfacial
zones 306a-d fortued adjacent to each face of the article 300.
L'xtertor protective layers 304a-d comprising predonunantly
a radiation curable material is also liirtned on each I'acc o f tfhe

article 300 The subsurface interfacial zones 306a-d are pref- 1&1

erably hate@»fly formed with the exterior layers 304a-d and
thc subsuate 302

FIG. 4 shows a cross sectional view of a composite build-
ing article 400 of yct another mnbodiment. Tlm building
article 400 has a fiber cement substrate 402 and a number ol'.
subsurface interfacial zones 406 distributed tluougshout the
substrate 402. Fach subsurface interfacial zone 406 has a

mrmdar cross section and extends akmg the length of the
article.

Fit i 5 shows a building article 500 luiving a fiber ccnimit o

substrate 502 and a first plumlity of discrete subsurface inter-
facial zones 5U6 distributed thr&hughout the substrate 502. The
buddin arucle 500 also has a second plurality of subsurface
interfacial zones 500 that are fonued within the substrate 502
adjacent to the exterior layers 504. Tfm exterior layers 504 "

prefembly comprtse predominantly a radiation curn»hie mate-
rial. In one embodiment. the radiation curable material incor-
porated ui the tirst subsurface interfacial zone is different
from that m the second interfacial zone.

The building articles schematically illustrated in FICiS. 1-5 so

represent a vartety of different budding products such as
builduig boards, sheets, planks, trtm, shake. cladding panels
suitable lilr application to thc inner mid outcr surfaces ol'uild&&&Us.One preferred embodiment ofthe present uivention
has been dcvelopscd primarily for use in the manufacnire of "»

high perfonnance compressed fiber cemcm sheets with radia-
uon cured coatings and subsurface iiuerfac&al zones specifi-
cally contigured f&lr use as external or internal building clad-
duig and lining panels

FIGS. 6-7 illustrate that the concsvt can also be applied to so

building articles with imnular shaped bodies such as pipes or
colullllls. FICi. 6 is a cross sectional view ofa hollow pipe 600
having a fiber cement core 602 and integrally formed subsur-
face interfacial zones 606». 606th posirioncd adjacent to the
outer surfaces 6U4a, 6046 of the pipe 600. Preferably. a mdia- s.

tion curable coating is applied to the outer surfaces 6U4a,
604th of the pipe 600. FIG. 7 illustrates that u second set of
subsurface interfacial zones 7U6 can be distnbuted in the fiber
eel&le&hi cort: 602 of the bollou pipe 600 in FICi 6

Methods of I'ormhng the Subsurface Interfacial Zones u

As will be described in greater deta &I below, the subsuribce
uiterfacuil zones in the fiber cement article can be fonued by
a nuinber of &htferent methods hncluduig but not lhnuted to (a)
applying in a controlled nmnner a radiation curable compo-
nent onto a cured fiber cement matrtx, (b) applying in a s

controlled manner a mdiation curable component into an
uncured liber cemwit matrix, (c) mixing the radiation curable
compmient into a fiber cement mixture prtor to the formation
of the green t'ortn: (d) applying the radiation curable material
to a component such as libera, filters mid&or thc inorganic ai
binder of the building article; and (e) pre-preparing a mixture
of fibe cmnent mid radiation curable mnterial and then wh-

fornnn into a buikhn article with uncured fiber cement
material that does not contain a radiation cured component.

In each ofthe prefi rred mnbodinmnts, tlm radiation curable r
component directly contacts the fiber cement matrix and
polymerizes while in contact with the fiber cement so as to

form a mecluinically interlocking netv ork with tlm pores and
uiterstices of the fiber cement; The application rate and con-
centmtion of the mdiation curable material is preferably
selected to provide the appropriate conccntmstion ofpolymer-
izable compounds hn the interfacial zone to fill the voids and
interstices within the fiber cement matrix to a predetemhined
degree

Single Layer Application

In certain preferred embodiments, no additional layers of
other coatuig matenal is interposed bet&seen the rt&duition

eumble matertal und the fiber cement in order to ensure that
the polymerized radiation curable material contacts the fiber
cement. In one embodiment, a layer of radiation curable
material is preferably applied to one or more surfaces of a

tiber cmnent substrate but re&au&a a coher&ait, substantially
defect free tilm on each surface. Tlus layer of radiation cur-
able nmterial is subsequently migrated into the substrate in a
controlled m ulnar to tihmi an integral interfacinl zone after
curtng. As such, a single layer of radiation curable matert al is
sufficient to provide a continuous protective coating that is

integrally formed with the fiber cement matrtx.

Control of the Thickness of Subsurface Interfacial Zones

In certain preferred eh&&both»tents, the thickness of subsur-
face interfacial zone em&also be controlled to tailor to spec&tie
pmduct perfonnance criterta In one emboduuent, a pre-se-
lected thickness is acl»eved by contmlling the mh ration of
the radiation curable component into the fiber cement mauix.
hir example. the porosity of the fiber cement matnx can be
mod&tied to a target volume so as to control the rate and
quantity of rixliatimi curable wlmpOnent migrating intu thc
tiber cement matnx. thereby controlbng the thickness of the
interfacial zone. Alternately, the viscosity of the radiation
cimiblc componmit may be modified by 1iinnulating, it u ith a

predetermined amount ol'eactive monomer. In some
embodiments, thc thickness of the interfncial zone is further
increased by using a solvent or currier » luch is capable ot'

1losv ing the radiation curable component dissolved therein to
bc soaked into tlm tiber cement

Curtn of Radiation Cumble Component in Subsurface
Interfacial /onc

In order to easure the cunng of the uiterfiscial zone. it is

preferably to use a curing method wluch is capable of curinsg

comp&»ients deep in ihc intcrfncial z&»ie. C'uring of thc radia-
uon curable component in the subsurface uiterfacu&l zone is
pret'erably performed using primarily mdiation, morc prefer-
ably lsB radiati&m Since ihe radiatuin curablecomponeut of
certaui preferred embodiments contauis no appreciable
an&ourn of catalyst, FB radiation curing is preferred because
it has higher energs and & m bauer penetram the cwnbfe
components in the interfacial zone, thereby providing a inter-
I'acial zone ot'ncreased thickiwss Moreover. FB curable
compounds tend to remain stable m the presence of heat and
UV, and tlms can be readily activated on demand. The high
energy ol'electrons in such ha»ms enables them to pcnctratc
significant depths and to initiate reactions at yea&el depth.

Without wishing to be bound to any particular practice,
Appl &emits luive found tluu in tiber cement subsirates havuig
a density of shorn 1.33, f&ir every 30 microns of interfacial
zone thick»ca&, adequate cure may bc achieved using an FB
source between 50 KeV and 200 Ke&&'t 10 mA. I or example,
a f1&0 micmn thick intert'acial zone may be cured using FB
source of I 50 nuY at 10 m A. und tlucker uiterfac hat zones may
be cured by using correspondingly lfi gher energy EB sources.
Alternately, the interfacial zone may bc cured with a dosage
of L'B radiation as described above and subsequently by ther-
mal means. In some embodiments, the cure process may
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conlprlsc lrulrc than onc nicchalllsni, silch os FB 1(l cotubino-
tion with UV. EB in combination lvlth thermal mern(a. or the
like.

FIO. 8 illustrates a process 800 for nmnufacturuig a com-
posite building article ol' prcicrrcxf enlbodimcnt of thc
present nivent i on. In tlus illustrdt«110 the composite builduig
article is a compressed building cladding panel. As shown in
FICi 8, theproccs1800bc inswithstep802inv,hichanFRC
green sheet is nnutufactured in accordance v'ith knov'n fiber
cement compositiims nnd manufacturino tccchniqucs. In one
embodimenl, the tiber cement composition used generafly
falls within the ranges set out in Table I below.

TABI F. I

POXV(b I rmlOB I OX rgi. Sb mr r

Dr
Ir(greg(crac

(genera,r

D»
ir(gr'c bcu(5

(( pre fcu cd

«mbodunenu
Ac pleble rungc A prcfcncd range

b( diy ue(ghll i'l d(y uerghil

BI((dcr
A mc nle

I ibei
dmus('I cc

Ocrncrrl nbou(206(r'bout '" 1-261'r(ronnltouitllo6O', etio(r(6 -6 ''enuloccpulp cboui i( I lo I 1" ebeui 2 s',
Ahurunu cboul O-6'1 about '-4. "1

The buider may comprise orduiary Porfland cement type I

but may also comprise other inorgmfic binders such os bryp-
sion. gcopolynli."n or other inorganic cemcnts Thc aggrcTS(c
may comprise nulled quarrz, amorphous ail imi. perh(a, ver-
micuhte, synthetic calcium silicate hydmte. diatomacixlus
earth. rice hull ush. fly ash, bottoin ash. blnsl furnace slag,
granulated slag. steel slag, nuneral oxides. mineral hydrox-
ides, clays. nuignasite or doloniite, polymeric beads, metal
oxides and hydroxides. or mixtures thereof.

Preferred fibers include venous lilrms of cellulose fibers.
such as bleached or unbleached Kraft pulp. I low ever. It w(11

bc apprcciatcdi Ihat other f'orms of libc», may bc usmrl. In a

particularly preferred embodimenu the fiber is cellulose
wood pulp. Other examples of suitable fibers are cermnic
liber, glasv tiber. mineral wool. siivl fiber, and synthetm poly-
mer fibers such as poly uuides, polyester. polypropylene,
polymethylpentmm, polyocrylonitrilc. polyacrylnmide, vis-
cose. nykm, PVC. PVA, ray(m, glass cermnii, carbon. or any
mixtures thereof. The fibers may also include cellulose fibers
with hydrophobic treatnlents, biocide treatments, or such as
Ihosm d(scioscxf in PCT Patent Application WO 0228796 ond
WO 0228795, which are hereby incorporated by reference in
their entirety

It should also be noted that additional additives can be
optiotudly incorporated into the fiber cement composition
including but not limited to density modifiers, dispersing
agents, silica I'ume, gmlthenua1 si hem lire retardant, viscosity
modifiers, thickeners, pigments, colorants, ihspersmitm
foaming agents, tlocculoting agents, water-proofing agents,
org mic dcosity mod(tiers. Slunununi powder knolin, elununa
trihydrate, mica, metakaolin, calcium carbonate. wollasto-
nite, polymeric resin emulsionsr or mixtures thereof

In one prefi:rred method, tlm sheets are produced using the
Hatschck process. As i( is generally known m Ihc art. the
Hatschek process uses oseries of mtating dnim sieves to
deposit sequmitial layers of de-v stared slurry onto nn absor-
bent conveyer and accumulate them on a size roll untd the
desirmf sheet tluckness has been achieved. However. it w ill be
appreciated that tlm grixn slmits can also be producixl using
other known methods such as extnlsion. costing, mouldino.
Mazzo. Magnani, Fourdrinier and roll press processes.

The preferred manufacturing pmcess is set to pmduce a

plurality of green sheets of a parucular size wluch are then
stacked one upon another mid then optionally densified ln o

press or emboss(xf with a patte»1. In Step 808, tlm green sheets
6 are cured ui on autoclave or usuig any number of other con-

ventional techniques including o ir curing, moisture curing, or
BNlilg.

When curing has been completed. the sheets are optionally
cut Io size in Step 806 using any vdnctv of cutting, salving, or

la sconng tecluuques.
ln Step 808, a radiation curable matenal is applied at least

one fncc of the FRC'heet A substantial portum oi'Ihe radia-
tion curable component extends from the ai least one face of
the FRC slmet into tlm tiber ccnwnt matrix, fills tlm voids and
interstices (herein, and directly contacts the tiber cement.
I'referably the rndiation curable ln some preferred forms of
tho invention, a radiation curnble niaterial. such ms a radiation
curable sealer, is apphed to all six sides of the finished FRC
sheet fthe front face ond mounting face being the two major

zn fncem aml tlm four edges) leith a radiation curable sealer. This
may be done by first manually roll coating or spraying the
sealer on the cxfges of the stack of FR('heets and then
uidlvidually roll coatutg the sealer on the face and back of an
11RC sheet using a conventional roll coater. Alternatively, the
smiler may be applied by otlmr conventional methods such as
sprayln . cur(oui coating or powder coating. Preferably, the
combined thickness of the extenor layer and the subsurface
interlacial zone is in the range of about 15 to 1000 micr»us
and more preferably between 15 and 100 microns.

ln Prcfcrably. the radintion curable material is applied
directly to the fiber cement surface and allowed to nligrdte ui
a controlled manner into the FRC sheet or substrate to fomi
thc interl'acinl zone in Step 810 In certnin cmbodimcnts, a

conunuous. defect lbee film is apphed to the tiber cement ln a
"» single pass In other embodiments, tlm surface of the FRC

sheet is iilr ther tres(cd to i(scil i tate control lcxf migmti(m of the
radiation cunnble mate»el. Mechanical and chenucal treat-
nwnts cmi also be applied to affect the pomsity of thc sub-
strate which in turn uifi.cts Ihe migration ol'he rodiatmn

An eumble component into the substmte. fhe surface of the fiber
ccini:nt con bc sanded, machined, clmmically etched prior Io

apphcauon of the mndiation eumble component, which can
have the effect of increasing the thickness and improving the
unifilnnity of die interfacial zone

In one preferred embed(ment, the radiation curable com-
ponent is a radiation polymerizable compound that is applied
to the surface of the FRC as a dispersion ui an mnount sufh-
cient to ensure that at least a portion of the dispersion pen-
etratcs the pores of'he FRC substrate to Ilonn a subsuri'ace

u uiterfacial zone. In an alternative embodiment, the radiation
curable component is applied to the I'RC green sheet wherein
it pena(rates into Ihe surface o I'he FRC green sheet to form a

subsurface interfacial zone is ui the mnge ofabout 15 to 1000
niicrons thick and more prcfi'.rably between 15 and 100

6 microns tlnck pnor to cunng the I'RC sheet.
In other embodiments, the above blend of uncuredFR6.'nd

radiation mirable compoimnt cdn bc distributcdi or placed
ln one or more predetermuied areas withui n bulk matrix of
uncured fiber cenmnt which contains no radiation curable

6o materinl In yet a I'unhcr altenintivc emb(xlimcnt. a poruon of
polymerizable compound may be applied in solution. fol-

lowedd

by applicntion of Cic same or different polymerizoblc
or copolymerizable compound to the surface. In yet another
alternative embodiment. two or more different blends of
mdiation curable materials and fiber cement are placid or
distributed in one or noire predetermined areas li ithin a bulk
matrix of uncured FR(: wlfich contains no radiation curable
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mnterial. In anotlmr alternntive cmbodimm&t, the tibers me
treated v,ith a md&at&on curn&hie matenal and d&stnbuted or
del&berately placed in one or more predetermined areas
within a bulk n&atrix of uncured fiber cmnent which contains
no rad&ation curable material. 1

In Step 812, thc I'RC sheet is tlmn cured with conventional
LB rad&anon nt a suitable predeternuned intensity and dura-
tion, as detem&ined by the specific sealer formulation. Fref-
embly, FB sources ivith power of about 50 to INN KCV are
used, more preferably benveen about 75 and 500 KCV, and &o

even more preferably betwem& 150 and 300 Key Thc inten-
sity of the L'B cur&ng is preferably maiotau&ed at constant
levels over the surface fbr the cunng penod to substantially
reduce product imperfections and to achieve a predetermined
level of cure, as determined by any mimber of su&table tests
known &n the art fe g. solvent rub&, coating hardness, ii ster or
mononier contmit, etc. ). Preferably the cured radiation cur-
able component has less than about 1% by we& ht react&ve

nlononlcrs ol'cactlvc volaille con&pone&its I'cnlanling aficr
muing. More preferably. the cumd radlntion curable compo- "-"

nent has less thun about 0. 1% by weight

react &ve

monomers or
renctivc volatile components remaining after curing

FICE 9 illustrates the improved freeze tlmw res&stance of a

compressed I'RC panel formed &lith interfacial zones adia-
cenl Io all six faces as comparcxI lo an equivalent compressed-'I4C

panel without any &nterfac&al zones. As FICE 9 shoiv s. the
FRC pw&el fornmd wnh inicrl'acial!once is able to maintain a

relnt&vely constant II B at nbout 2.0 Mpa as the number of
freeze-thaw cycles increases while the Il B of the comen-
lional compressed FRC'anel dkmrmises substantially at
lugher freeze-thav, cycles. The Ireeze-thaw cycles v.ere run u&

accordance with methods described in AS'IM C666-92,
modifiexI to acconunodate a sample swe oi'415x57x9 mm

FhiS 10A &md 10B are photographs illustrating thc
delanunat&on res&stance of a I'RC composite bu&ldu&g article
having subsurface interfacial zones. The article ivas scored
deeply. that &s to a depth yea&el thnn the u&terfacuil!one,
sub i ected to 1,000 freeze thaw cycles. As shown u& FICiS. 10A
m&d 10B. Ihe ext(n&t ol'hc delamination was limited lo a

4((
relet&vely small area even after extens&ve freeze thaw cyclu&g.

This illustrates that not only are the radiation cured zones
tightly bound to the fiber remen&!one resisting delamination.
0&ey also improve the integrity ofthe I'RC article under severe
freczc thaw conditions

11&e preferred embodiments of the present imention will be
further described with rcfercncc to thc follmi ing illustrative
Examples.

thc voids of thc subsurface interfncial mne The subsurface
interfacial zone was integral with both tlm resin and fiber

ceo&cut regal&la.

Example 2

I,ow Density Extrudcxi Article fiir I.xtcrnal
Application

A fiber cement article of nonunal 2 "x4" rectangular cross
section of a low density fiber cement of a formulation su&table

for cxtcmal npplication was extn&ded The n&aterial ives spray
coated in tlm green state with a mdiation curable resin and

then cured on each surface us&nve EB radiation A similar result
i&as noted as above. There was lilrmation ol'a good subsur-
Iiace interlhcial!onc. not withstm&ding the use. Ci'a very high
solids formulation. 'Il&e green article was then air cured to

y&eld an art&cle w&th enhanced durab&lity versus articles v, ith-

out such coat&ngs.

Fxmnplc 3

Fiber Cement Articles Comprising Cellulose F&hers

I laving an IIB Curable Resin Coaiing

Sheets ofunbleached kraft fiber v;ere refined to a treeness
of about 350 CSF and added lo water such thai a soluiionoi'bout

11% libera by weight is prepared An aqueous disper-
sion ofEB eumble acrylic uretlmne was added to the fibers at

a dosage rate of about 0.5% resu& per ~eight of liber. The
libera ilare then combined in solution with cemeni and

gmund silica to fern& fiber cm&mnt sheets oi'bout I mm
tluclo&ess. Radiation curable components in the sheets were
cured us&n L&B rad&ation wlule the fiber cement component
of thc sheet was main&ained in a green state. These fiber
cement sheets were then laminated to the top and bottom of a

stack of green fiber cement sheets that did not contain radia-
tion curable components to form a compos&te. The compos&te

stack i ~ cured in an autoclave at about 180 6'o furtlmr cure tlm
fiber cement slmets. Tlm resulting sheets were less permenble
al water through their outer surfaces tlmn fiber cement sheets
that did &mt have libera treaied with radiation cunible resin.

Fxaniple 4

Example I o

Medium Density I'iber Cement Article with L'poxy

Based Rad&ation Curable Component

Mednlm Density Hatschek Sheet for External
Application

A %(" medium density fiber cement sheet was formed by
the Hatschek process. I'he plank was of a type nnnnally used
I'or external applications. Il was spray coated on all sides with
an EB curable urethane acrylate resin hav&n a sohds content
of about 00%, 11&e resin was cured by exposure to EB mdia-
linn. Rcsu& thickness was about 50 microns The rcsit& zone
adhered strongly to the sheet and had a substantially even
appearance. Inspection ol' cross section of the n&atcrial

showed the presence of tluee d&enact zones the underlying
fiber cement zone. the resin coat&ng and the subsurface inter-
facial!m&c, which showcxI signiticant quantitics of fibrous
materials embedded in the resin: nnd the cured resu& fornnng
network of cured polymer the continuously interpenetrates

An cepoxy based radiauon curable component (RCC) con&-

prisingg

about 60% w/w ddime tinunl bisp hanoi A bused elxixy
acrylate resin. about 15% tripmpylene glycol diacrylate

5
monomer. about 20% w/w extender fcon&b&nation of talc and
calcium carbonate) and about 5% w/w add&tives ives I'oiled

onto a medium density liber cement board to form a contimi-
ous film on the surface and a subsurface interfacial zone

(0 approximately 5 to 15 microns thick. 1he total RCC appl&ca-

tion level was about 39 g/m . The average wet film tlnckness
was determined to be 30 pm using a comb gauge The RCC
was cured using an Electron Bean& I uring unit (150 kV, 10

nxA laboratory unit from Advm&ced L'lectron Beam). The urut

(1 was setto 150kxfi 10mAand50ft'nun. Theun&t was pur ed
with nitrogen to achieve an oxygen concentrati(m ol alx&ui

200 ppm in the chamber. The adhesion of the continuous
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surf'ace film was tested using a cross-hatclmd tape mst. Adhe-
sion to the board scored 10 points out of a possible score of 10

poults.

Fxmnple 5

Mediunl Density I'iber ("cmcnt Article with
Urethane-Based Radiation Curable Coniponent

A urethane Rrr consisting of g0% w/w aliphatic difilflc
tional urethane acrylate resin and 20% tnpropylene glycol
diacrylate monomer was mf led onto a medium density fiber
cement board to form a contuiuous tilm on the surlace and a

subsurface interfacial zone approximately 5 to 30 microns
thick Tlie uital RCC'pplication leiml was about 78 g/mc. Thc
RCC was cured using an Electron Beam Cunng unit (150 kV.

10 mA labomtory unit from Advanced Electron Bemns). The
lout was sl:1 to 150 kV. 10 lllA iltul 50 fi/olin. Thc lint( was
pur ed with nitmgen to aclueve an oxy en concentration of
200 ppm in thc chaniber Thc adhesion of the continuous „„
surf'ace film was tested using the cross-hatch tape test Adhe-
sion to the board was perfect (Rating: 10/10)

I.ixampfe 6

Medium Density hber Cement Article with
Polyester-Based Radiation ('urable Component

A polyester RCY consisting of60% w/w dl functional poly-
ester acrylate resin 15% tripropylene glycol duicrylate mon&&

mer. 20% iv/w ptgtnent and extenders (combuiatlon of tita-
nium dioxide talc and banum sulplmte) and 5% w/w additives
(tlow addttive.. dispersatit, thixotrope imd deiiiiuuer) was
rolled onto medium density fiber cement board to form a
contuiuous film on lhe surface and a subsurface intcrl'acial
zone approxiinately 5 to 30 inicrons tluck. The total RCC
application level was about 7g g/m'. The average wet film
thickness was dctermincd to bc 60 pm usulg a comb gauge
The RCC was cured using an Electroti Beam Cunng umt (150
kV, 10 mA laboratory unit frimi Advanced Flectron Bcanis)
Tlmunilwas set to150LV, IOmAand50lbmin Theuwiwas
pluged with nitmgen to aclueve an oxygen concentration of
200 ppm in thc chaniber The adhesion of thc continuous
surf'acc film was tested using the cross-hatch tape test Adhe-
sion to the board was perfect (Rating: 10/10).

iixampfe 7

Medium Density hber Cement Article with
Polyester-Bmscil Radiation (.urable Component

(1

A polyester RCY consisting of45% vv/w dl functional poly-
ester acrylate, I 5% w/w metal acrylate, 15% 1.6 hexancedftof

dlacrylate. 20% wtw pi ment and extenders (combination of
titanium dioxide talc and barium sulpflate) and 5% wfiv addi-
tives(fioivadditive.dlspersant.thixotrope uiddelllvamer)was s

rolled onto medium density fiber cement board to foun a

continuous film on lhe surface and a subsurl'acc intcrl'acial
zone approximately 5 to 20 niicrons tluck. The total RCC
application level was about 52 glm'. The average wet film
thickness wsms dctcrmincd to bc 40 pm using a comb gauge ai
I'he RC('as cured using an L'lee tron Bemn ('uring unit (150
kV, 10 mA laboratory unit fr(mt Advanced I',lectron Bcallls)
The unit w as set to 150 kV, 10 mA and 50 ft/nun. The ulut was
purged with nitmgen to aclueve an oxygen concentration of
200 ppm in thc chanlber The adhesiwi of thc continuous (
surface film was tested usuig the cross-hatch tape test. Adhe-
sion to the board was perfect (Rating: 10/10).

14
Fxafl'Iplc g

Medium Density Fiber Cement Article with
Thiolcnc-Basrxf Radiation ( urablc Component

An R('C consisting of 3(F!v w/w hexa-fiinctional aliphatic
ureth uie acrylate. 20% w/w tn-functional polyester acrylate
and 50% w/tv of pentaerythntol tetrakis (3-mercaptopropi-
noatc) ivrms applicdi onto medium density fiber cement board
using a punting screen to foun a contlmious film on the
surface mid a subsurface uiterfacial zone appmximately 5 to
30 microns tluck The RC('as cured using an Electron
Beiuu Curing uiut (150 kV. 10 nuA laboratory unit from
Advanced I'.Iectron Beams Tlm unit was sct to 150 kV, 10 mA
and 50 ft/min. utider air. The contimious surface 1ilm was tack
free: adhesion was tested (dry and then after one hour soaking
in water) using the cross-hatch tape test. Adhesion to the
hoard ilms perfect ui both cases (Rating: 10/10)

L'xample 1)

Medium Density I'iber Cement Article ivlth a
Pigmcntixf Thiolene-Based Radiation (.urablc

Component

An RCC topcoat consistin ol 20% v'/iw hexa-functlluial
aliphatlc urethane acrylate, 14'!v v;/w tri-functional polyester
acrylatm 35% w/w of pentaerythritol tetrakis (3-mercapto-
proplnoate). 30% vfiv plglnent and extenders (combination
o! (itanium dioxide talc and bafllull sulphlllc) and 1% w/w
additives(fiowadditive, dispersank thixotropeanddefoamer)
was rolled onto medium density fiber cement board to form a
conunuous film wl thc surface mid a subsurface intcrl'acial
zone approximately 5 to 20 nucrons tluck. The total RCC
application level ivas about 52 g/m'-. The average ivet film
tluckncss was dctcrmincdi to bc 40 um using a colllb gauge.
The R( C was cured was cured using an Elecu on Beam Cur-

ing umt (150 kV, 10 mA laboratory unit frwn Advanced
Efecaron Be uns) The unit wrms set lo 150 kV. 10 iuA and 50
ft/min. under atmospheric condition. The continuous surface
film was tack frmu adhesion was

tested 

(dry and then afier ww.

hour soakuig ln water) usln the cross-hatch tape test. Adhe-
sion to the board was perfect in both cases (Rating: 10/10).

I',xmnple 10

Mediunl Dmisity Fiber Ccnient Articlc Hnving an
RCC. Treated Interfacial gone l laving Improved yyet

Adhesion

A urethane RCY consisting of 30%v w/w aliphatlc difunc-
tionnl urethane acrylate and 20% tripropylenc glycol diacry-
late. The RCC was rolled onto the lace of medium density
fiber cement hoard to form a continuous film on thesurl'acc
and a subsurface interllacial zone appmximately 5 to 30
microns thick. The totnl R('('pplication level was about 7g
g/m'lm avcmgc ivct film thickness was dctcnnincdi to be 60
um using a climb auge. The R(Y ives cured using an I'ilec-

uon Beam ('uring unit (150 kV, 10 mA laboratory unit from
Advanced Flectron Beams). The lmit was sct to 150 LV, 10

niA and SO ft'nun. The unit was purged with nitrogen to
achieve mi oxygen concentration ol'200 ppm in the clmmbcr.
The w:et adhesion of tile continuous surface tifm v;as then
tested. Tlus was conducted by completely inunersing the test
panel in water at room temperature for 2 hours. The panel was
then removed patted dry with a cloth to ensure there was 110

residual moisture to interfere with adhesion of the tape. The
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adlmsinn of the coating tv as tlmn immediately checked using
the cress-hatch tape test. Adhesion to the board was perfect

(Rating: 10/10).

Fxample 11

Medium Density I'iber Cement Article I hnvin un
R('('reated Interfacial lone Showing Reduced

Surfuce Permeability
1(1

A ufcthaitc RC('consisting of 80% wfivaliphatic difunc-
tional urethane acrylate utd 20'!u tnpropylene lycol diacry-
late. I'he coating ki as rolled onto all 4 edge~, face and back of
a medium density fiber cement to form a cmitinuous fihn on
each surface mid a subsurface interfacial zone approximately
5 to 30 microns thick. The total RCC application level was
about 78 8/m Thc average wet film tluckness kkas deter-
mined to be 60 um using u comb gauge. I'he R('('as cured
using an Flectron Beam ('uring unit (150 kk/, 10 mA labom-
tory unit fmmAdvanced Illectroii Bmims) The unit was set to n

150 kV, 10 mA and 50 ft/min. 111e unit was purged with
nitrogen to achieve mi oxygen concentration of 200 ppm in
the chamber. 1 he water permeability of the coating kk as tested
using a water column placed under a prcssure nf 2 bar fiir 7

nunutes 111e test panel was v eighed before and after expo-
sure to the pressurized water colunm. Llpon removal from the
test column the sample kvas dried and reweighed. '1 he panel
did not exlubit a weight clmn e after exposure to the pressur-
ized kvater colunm.

111e t'orgoing examples ofan ISRC building article having a in
subsurface interfacial zone comprising radiation curable
components dcmnnstratc the substantial improvement thc
present invention mal es toit ard the long term durability of
FR( Itlati'.riakk in extreme mivironments such as freeze tlmw
and genemlly nnproves wet and dry adhesion ofsurface films. "»-

Radiation curable components may be added to the fiber
cement. eitlier to the entire batch of tiber cement formuig
material, or ui the form of an added zone of matenal winch
includes both tiber cement and curable material and tv hick is
apphed to a fiber cement or fiber cement forming substrate In Sn

this wny, the subsurface interfacial zone with an intimate
mixing of'urable compound mid liber cemmit is prn-pre-
pared. I'or exmnple. a zone of fiber cement can be laid dokkn
nnd a zone which is a mixture of tiber cement and curable
conipound is applied therw1n. The tiber cmnent product is 4.

1hen allowed to cure. producin a fiber cement article having
polymcrisable compound in the top zone intimately mixed
with the fiber cement material. A further zone of curable
compound can be added on top of this, and the mixmre is then
ciued for examplo with nn clcctron beam Tlm FB curable n

material ui the uppermost zone will crosslink with other
crosslinkable components in the upper zone and also with the
cmsslinkablc components in thc prc-prepared subsurface
interfacial zone. In this way, the subsurface interfacial zone is
formed specifically by thc application of a mixture nf corn- 1

ponents of the resin and fiber cement zones The advantage
with using L'B eumble compounds is tluit they can remain
stable in the presence of heat and ffv'. and titus min uuirc
readily be activated on demand.

Advailtagci1llslkn tile conipositc building pmducts ol'he 81

preferred embodunents of the present invention, as compared
with similar sheets prepared using traditional surfncc coat-
ings. present a luster resistance to external atmospheric
agents, heat. moisture and, in particular, to scratching or
abrnsion; they can be used in the field ofbuilding as covering (
of outer surfaces of buildings. They can also be used in
apphcations where chemical resistance is an issue. such as in

pipes. The additinn ol' cured subsurl'ace interfacial zone
uuparts to the composite article a reduced propensity to
weathering, especially freezeitlmw damage or differential
carixmation, when compared to existing tiber cement prod-
ucts.

Although the foregoing description of the preferred
emboduuents of the present invention has shown, descnbed
and pointed out the fiindamental novel features of the inven-
uon. it will be uiufcrstood tlmt various mnissions, substitu-
tions, and ch urges in the form of the detail of the invention as
illustrated as well as the uses thereof. nmy be made by those
skilled in the mt. withour departing from the spirit of'he
uivention. Particularly, it uill be appreciated tlmt the pre-
ferred embodiments of the invention may manifi.st itkmlf in

other shapes and conti urat iona as appropriate I'or tlic end use
of the article made thereby

Wtunt is claimed is
1 A composite builduig article havuig a first zone com-

prises a tiber cement substmte having a porosity of betv, een
about 20"!1-40% by volume v'Inch comprises predonunantfy
fiber cement compnsuig

about 20-60 weiJntt 'in cement;
about 0 to 60 kk eight % silica,
about 0.1 to I S 11 eight % cellulose fiber; nnd
about 0-5 weight% ofat least onc additive:
a second zone wluch comprises predominantly an L'B cur-

able urettiane acrylate resin having a solids content of nt

least 80%, and a subsurface interlhcial zone interposed
therebetv.een. tire subsurface interfacial zone compris-
ui an uiterlockutg mauix fiinued of the BB curnbfe
urethane ucrylnte resin and the fiber cement, wherein
said interfhcial zone is integrally formed kkith thc lirst
and second zones and comfigured to increase durabiluy
of the building article.

2. The composite builduig article of claim 1, whereui the
subsurface interfacial zone contains substantially no catalyst.

3. The composite bmlding article of claim 1. wherein the
thickiwss of tim subsurface interfacial zone is controlled by
modi fying u charac tens tie se lac text 1'rom tlm youp consisting
of the porosity of the first zone, viscosity of the radiation
cunnble componem. Cnd combinations tlmreof

4. The composite building article ol'claini 1, wherein the
subsurfhce interflacuil zmie lms a thickness ot'about 1 pm-i.
000 11111.

5. The composite builduig article of clean 1. wherein the
composite buifdinng article is selected from the group const st-

ing of'cladding panels. shcvts, boardk, planks, trims. shakes,
and pipes.

6 The c&mipositi: buildin aniclc of claim l. Sklmrein thc
cement is in the range of about 23.S to 26.5')'n of the compo-
sn1iu1

7 The composite building article of claim I, wherein cel-
lulixkm fibers comprises about 7-9% (lf the composition.

8. The composite building article of claim 1. wherein the
cellulose libera are unbleached.

9 The composite building article of claim 8. wlmrein the
unbleached cellulose fibem compose about 11'!v by w eight of
flic colllposttioll.

10. The composite builduig arucle of claun I, wherein the
BB curable urethane acrylate resin consists essentially of
about 45% difunctioiml polyester acrylatc, about 15% metal
acrylate. and about 15!n 1.6 hexanediol diacrylate.

11 Thecotnpositebuttdutgarttcfeofclaunlfi,kkhereutthe
subsurface interfacial zone is upproxunutely 5 pm to 20 pm.

12. The composite building article of cluun I, wherein the
EB curable urethane acrylate resin consists essentially of
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about 20'!6 lmxafunctional aliphatic urerhane acrylate, 14%
trifunctional polyester acrylate, and about 14% 3-mercapto-
propinoate.

13. The composite budding article of claim 12. wherein the
subsurface interfacial zoim is approximately 5 iun to 20 pm

14. A composite biulding article having a first zone con-
sisting essentially of

a fiber cement composition consisting essentially of:

20-60 ~eight % cement:
0 to 60 weight % silica;

0.1 to 15 weight% ilnbleached cellulose fiber; and
0-5 weight "!6 of at least one additive:

a second zone tvhich comprises predominantly an BB cur-
able ureth ute acrylate resin: and

a subsurface interfacial zone interposed and integmlly
formed with the first and second zones mid compris-

ing an interlocking matrix liinned of the FB curable
urethane acrylate resin and the fiber cement. the lirst
zollc 1'laving a porosity ofbetween about 20"/o-40'!s by
volume and thc BB curable urethmie acrylate resin in

5 the subsurface interfacial zone contains substantially
no catalyst and is eumble primarily by radiation.

15. The composite building article ol'laim 14. w.hereui

cellulose fibers comprises about 7-9% of the composition.
16 Thc composite builduig,article el'claim 14,wherein the

ui unbleached cellulose fibers comprtse about 11% by weight of
the composition.

17 Tlwcompositebuildmgarticlcol'clmm14,whcreinthe
at least one addinve is selected from the group consistuig of
tlow additive, dispersnnt, thixotrope, defoanwr, and a combi-
nation thermil'


	Abstract
	Claims
	Description
	Drawings

