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STRUCTURAL  MAT MATRI X PCT/USS8H8354
SPECI FI CATI ON BACKGROUND OF | NVENTI ON
This invention relates to a structural mat, matrix such as a roofing 5
shingle mat matri x. FOr many years, structural
articles such as roofing shingles have been conprised of fiberglass
substrates coated with a binder which bonds together the fiberglass
substrate fibers. Such substrat gRYUCTHRAVOVAT MAERPXKass mats which are

desirabl e because they are |ighter gl han previously used mats.

Fi berglass 10 mats have al so been preferred as roofing shingle substrates
because of their fire resi stant,_n tngre, ”f\fi r resistance to noisture
damage, their excellent dinensional 50 ty, their resistance to
curl with tenperature changes, their resistance to rot and decay, and
their ability to accept nore highly filled asphalt coatings.

Heretofore, efforts to opti m zeBACKSROEND OBIRVENTIONNgl e substrates 1 5
have focused on attenpts at inproving their tear strength and tensile
strength w t hout undul y increasing the weight of the shingle.

Heavi er shingles and of g Sivellibtiefhes to a srmerfl hich i HOEILIRY M0 ©
expensi ve because of greater raw nateri 8 *an ransporiation costs.
Qper ati ng Wi hishingle@dut weit@pht / cost constraints, shingle manuf acturers
have found that, to inprove tear strength, they had to sacrifice tensile
20 strength and vice veFawmany years, structural articles such gs mofipg shipgleppavepeen 2 174
di scl oses a ma L. e | r . . | cts

whi ch i ncl udes%@ﬁgéeﬁﬁ’ﬁg‘é’%{él%? %b?%?%%%geﬁ ”gﬁtha%Em ?rb\ngW%%{ Sg‘ggeg{neg%
relatively smalfibesgtassiBibs@ite fibede Suciesubstrdtesdie honvidveh fibsrglds¥midys Whigh wei ght

of the mat. The mat has a_wei ght of between approximately 2.00 and
2.40 | bs/ 100 $gtiable bepmise fhegare lighter ipseight thep previous ,%edm@r%@gﬁ&@%a gl ass

TN T T e

resistant nature, their resistance to moisture damage, their excellent dimensional

stability, their resistance to curl with temperature changes, their resistance to rot and
decay, and their ability to accept more highly filled asphalt coatings.
Heretofore, efforts to optimize fiberglass roofing shingle substrates
15  have focused on attempts at improving their tear strength and tensile strength without
unduly increasing the weight of the shingle. Heavier shingles and other structural
articles are generally more expensive because of greater raw material and .
transportation costs. Operating within such weight/cost constraints, shingle
manufacturers have found that, to improve tear strength, they had to sacrifice tensile
20 strength and vice versa. |
U.S. Patent No. 4,112,174 discloses a mat suitable in the manufacture
of roofing products which includes monofilament glass fibers, glass fiber bundles and
a relatively small amount of binder, e.g. binder which is 15% by dry weight of the
mat. The mat has a weight of between approximately 2.00 and 2.40 1bs/100 square
25 feet. U.S. Patent No. 4,242,404 discloses a glass fiber mat useful for roofing products
which includes individual filament glass fibers and extended glass fiber elements and

a binder applied in an amount of about 3% to 45% by weight of the finished mat. The



a binder applied in an anmount of about 3% to 45% by wei ght of the finished
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basis weight of the finished mat is described as being at least 1 Ib./ 100
sq. ft and preferably about 2.0 to 3.0 I bs/sq. ft.

U.S. Patent No. 4,472,243 discloses sheet Bype roofing material for use

in built-up roofing and in the manufacture of roofing shingles. Chopped

gl ass fibers basis wmghblo@beﬁssbledmatas dé¢saribagd astbeinglat ichstdli b./10Gssy & andd bi nder
I s added. According to,t te the material conprises 10-60 wt %
gl ass fibers ofTCHFOYREO t?n%ﬁ?so lﬁgg%m % cel lul osic fiber and
5-25% bi nder. The pat ent (58 agst N84 4123124301 Q3Mskes metstya@fboﬁhg%teml fou@é

cel lulosic and glass fibers described therein "provide the desired bal ance
of str ucumbmlt-tmrmpﬁmg argish themarudacture of fomfing shinglasieChonped glass fibdre as

bstrate f t. th d,standar ds f
mechant cal | of r GHLTPeRe 1 p ATy 98 pallosicribe® and bides & S4PEnASHUTNAL Biot es
that the " | 0,

at the "[g] trolh{%l Ghate@4BRbrigds 1005 JR&%ﬁB%of EHpisS 15- 80% wt

| mpor t ant inc ng Its porosity an etal structure.

hi gh end of gl &ssellulosic fibdrland 5€504% windert ﬂ‘hepetbmt ssanetssthattaheepltopmiwns andogizg30r OUS
with a high ord f skel et al Str ure, Sugh a felt wl|

uncontrol | ably gﬁ%lgﬂl?f‘%%@eﬂ’é%%s@é’e’érﬁ’ﬁifﬁ‘ﬁ’%g r%rﬂf%?'l f the dffS”edsl%?tl‘H’F%ﬁf at a
very high rat  dii:a0piBetiel Gn i AHeiaIRE REAES GiaAE ot MlEurhi@ Fofroofin

del eterious effect In t e spread ane test due to severe asphaltic
filled coat l(hg material” ®l ‘intbesthe desired standards for mechanical Suemgth aidnfige yesidtdree.”

appl i cant has und that by pro n mat. havin rel.atively high

fibergl ass cont Paﬁﬁﬂg@%"ﬂt‘?ﬁd ”IhS\?\[gi)éﬁ 865?’53‘?%(9?%rfélﬁf’f%dmfﬁnﬂﬂ'é?s 20
t ent th t I

Strengthy of  TipoftEiih tordRfglf ;RANR Uy R RAHE 1 G el wipr R | ©

i ncreased tear fiter esigén the felt substrate tends to be porous with a high orderSshéiétd OF THE
| NVENTI ON resent invention is a stru ural mat

matrix which ccoHpstEseSuchy felt w1lI “ncon%?}%{yr@@@bMFﬁﬁvééﬂgP%‘ﬁ§ gliti al |y of

| £om B0% 018 ey RS0 R KoREE a0 rGBELy AD E Tl 1% bY

fiberglass fi belektaivis effectwthd spishdof fTdiee testrddeto ma&lasplmlt&sﬁm ¢oatihy O
from80%to ., 95% by weight urea formal dehyde resin and from 20%to 5%
by wei ght acr ylsiges.

Surprisingly, the applicant has found that by producing a mat having a
relatively high fiberglass content and relatively low cellulosic component and binder
20 contents, the mat matrix has the same physical properties (such as tensile strength) of

more costly heavy weight mats, with substantially increased tear strength.

SUM HE IN
The present invention is a structural mat n"xatrix which comprises (a) a

substrate which consists essentially of from 80% to 99% by weight fiberglass fibers
25 and from 20% to 1% by weight wood pulp and (b) a binder which bonds together the

fiberglass fibers and the wood pulp. The binder consists essentially of from 80% to

95% by weight urea formaldehyde resin and from 20% to 5% by weight acrylic

copolymer. The binder comprises from 5% to 15% by weight of the matrix,

preferably 10%.

30 In a preferred embodiment, (a) the substrate consists essentially of 95%



copol yrrer.' The bi nder conprises from5%to 15% by wei ght of the matrix,

pref er abl ywhDs131530 In a preferred enbodi mpp. e
substrate consists essentially of 95% WO 99/ 13154 Trushiassd
PCT/ US98/ 18354 3 by

wei ght fiberglass and 5% by wei ght wood pukp and (b) the binder consists
essentially of 90% by wei ght urea fornal dehyde resin and 10% by wei ght
acrylic c DETAI LED
AEstr pri oy BP ReigPhiberglass and S%py weight wpod pylp apd ) ghe pinder copsists

i nvention are eseftslly 2§ 90%Hyaveightiudea formaldétat kdith éﬂ' 1994 By WRight BN t- up
roofing mats, facer nats and base plysheets. Articles roc?u

accordance wi t ROROkEN§Thvention are lighter in weight yet possess the sane
physi cal properties of tearing strength, tensile strength, wet tensile
strength, porosity, and bursting strength as their prior art
counterparts. Moreover, the appliggpal E pfhe structural nmat
matri ces achi eve those results with Tower raw naterral costs.

The structudal nat rrat r i Stoecthl m'ﬁ@emfaheptesémmﬁﬁimmemﬁni ésem@m

substrate which ons essg {Bl ally_of from80%to 29% 3{
fiberglass fib&° 28 Shingle PRG3R maty, AFerBaty /R d’WF’-’ﬁS a‘ﬁﬁlc(qg) a

bi nder whi ch cgR3uéddSn 8sedihb ity the mvekx)xth& gier I% i Q¢ We%h??e{oggyse t:hg Y yr ea

f ormal dehyde resin and from20%to el ght a yirer. The
fiberglass fi behﬁloahpmpemwofctearmesd-emgth ttinesile shrerigtiatveet tensﬂe sttenigtt pordyigy)t | on

I ncl ude wet cho " ﬁ?@é 1/2" length, 14 to 18 mcron di aneter

fi bers which tH’&ng a?ﬂﬂswe%ﬁ%cwﬁra@ftsmbéenegvedstheseman@ and PPG
| ndustries,jpln se

Kraft pul p. ﬁxveﬂig\}r% S% e?fc %kﬂ,{lsg V\ﬁuft#}&ﬁfx%w&%\%%ﬁeﬁg& Qﬁ;%m
e.g. International PaperT}ii'Ostruemral n&mm&s pfﬂﬁmeﬂxuﬁnnaﬁdm’ﬁéﬁlﬁ(a}i@user
and ot her mar ke@ nuf act urers. . . he urea

f or mal dehyde r &8 atIf" °B?lﬁa§$seﬂt§}1mé from §Q%sto 8?Aéaydm1813ckaﬁrglass fibersi ds,

such as Casco Bﬁﬁfréhx%‘%]to 194 lpﬁgé%gr §d£‘ul ? gb;’}z Bﬁ@de? Wcog?iﬁtgacr ﬂfl@

from Borden Chem cal |c C e viny

copol yner obﬁ'omtm%tto@g% QOWéi@ht mfbrmsldEhmltkm aﬂxdlfrﬁﬂhrm/kw b§oVi nax
830 or and as 2 Rh ex _G-618. In a preferred enbodi nent, the
bi nder con{aﬂsl S Weight aey, cﬁgpogyﬂxerofl‘he fibergiasa fihers which may be used in the substrate

of the invention include wet chopped, 1" to 1%" length, 14 to 18 micron diameter
fibers which may be obtained from Owens Corning Fiberglas, Schuller and PPG
Industries, Inc. The wood pulp may be cellulose fibers, cellulose pulp, Kraft pulp,
hardwood and softwood pulps which may be obtained from, e.g. International Paper
20  Co., Rayonier, James River and Weyerhaeuser and other market pulp manufacturers.
The urea formaldehyde resin in the binder may be a latex of about 60%
- solids, such as Casco Resin C511 or Casco Resin FG-413F which may be obtained
from Borden Chemical, Inc.. The acrylic copolymer may be vinyl acrylic copolymer
of about 49% solids such as Franklin International Covinax 830 or Rohm and Haas
25 Rhoplex GL-618. In a preferred embodiment, the binder comprises 10% by weight of
the matrix.
Structural mat matrices made in accordance with this invention may be
of any shape and may be used in a variety of products including roofing shingles,

built-up roofing, facers, etc. Preferably, such matrices are planar in shape.



Structural mat matrices nmade in accordance with this invention may be

of any sha and may be used in a variety of products incluydi I I ng ‘
shi ngl es, "9899/1:85‘“ t-up roofing, facers, etc. Preferably, W&{%es are .
4

pl anar in shape. WD 99/ 13154
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Additionally, the structural matrices may e coated with a water
repellant material. Two such water repellant materials are Aurapel 33R or
Aur apel 391 avai | additionaliy the struxiurall matricespast ke Gogted gyithnoWakee h,  CT.

Further, structural . trices nmade .nh.acco | ' ntion
may be coat ed W?lﬁnﬁwa%‘f cb%ﬁcg waget rcmgtl%x}tingarie sag%ﬁg g‘%@%éﬁ%}é&%& an
antibacterial $ot&hfidle Kufth@ Aubdisd Corpbakior 3f Morwich, CT. afdthes} strudthat e
friction agent such as Byk-375, and/or a coloring dye such as T-1 133A.

The materi al s maeides madenio apekilange wfthitheinverntiongeay atef avitheanipstiSmgal

their preparation are describ ectively in the follow tra
literature: > Materp ﬁ%%ﬁﬂ%i‘e{-"g an Eﬁ&?‘ag%‘ et Suic+ ?M&ﬁ?@hegﬁrl's'

bl eached south ' ' -874, 8ot DESGAE A sach Byt 1Sahes, 2
Manhattanvil |l e d&.a?h%%regﬁgbgbagg%?tYﬁmg%dgﬂ §7§,ai|?int er natliﬁhgéna}fér%aper SUPERCELL

AO 2 product |iterature DitiMateridls é?cdfimthefmalﬁyg of the matricgs abthe meathpdsof kr af t
pul p avail able from I nternatjongl ,Pul p Sal es, 0 Avenye,. _of the
Anericas, New SSFiprengration %ﬁ@ FP ngda albetli%gawngft‘{aﬁe PEEtiscs (et

Use Chopped St AR, it Meer el o bleANed seuitldrs pinkipafy 9l as
Tower, 15 Tgxfiée}g%t?on%ﬁ%”;%?‘gke S PR Bl (o MIEAREA AR pirc by 1,

Revi sed 2/ 9, available fleRGférhatiophbRidp Balesi 2dvisnha@amyilkPRd PPutsbasePNt X.abdr gh,
PA; Borden Casco Resin C5 11 D SHEET . . TDS -CH1 97..and Resin
FG 413F DATA SHierratiqnal Bager SUPERCE&R@ propuct H&Fﬁthmxﬁﬁg ] é’gﬂ%feé}lﬁs
Wor | dwi de Packagi | : ; ' 250 ARehiiC - )
@ﬁ%&&&%@gﬁ?@%ﬂ u%lﬁb 6\%18 4% InternationePPitp SRfes,H2DI QR ehliC.

520 112[ ERR] Ave., rankl 1 n I'nternati onal 20 Covi nax
830 Dat a Sheet oBth2QrRéricak;Nawk Vork, NiY 2 Owaens Coaling Podact Bulletin 386 BE8JCS (Wet

Col unbus, OH, Rohm and Haas A Rho GL-618 prqgdu liferature 20N2
Sept enber Use £hopped irads) fd ﬂ?%xagw@i ,0@958)?3?‘{ g?a%.“ge“l’ﬁbedglﬁp-@gﬁﬁ' es
of each of 141€ Toledo, OniB! PEGEEN WHPEHOPIED SPRANDAIRHR 23! £ ReVEd DOSAL ed

herein by referen /
25 PPG FibarglaapPilodaastOmteRR< Blace] PittsburghcPAr Bordam CaseatResin Ghtlh

B0 Tover basi s BT ol TDS XA-CRf L Belad end Refln FR- Ao PR L& R L TPRRAT v
mat relative t Qtl%ﬁ?l@@,r ﬁ@tlth RiniiEin RAHCRHbriaR e Packaging and Industrial Products
(Div. of Borden Inc.) 520 112" Ave., N.E. Bellevue, WA; Franklin International
20 Covinax 830 Data Sheet 3/20/95, Franklin International, 2020 Bruck Street,
" Columbus, OH; Rohm and Haas Rhoplex GL-618 product literature 20N2, September
1994, Rohm and Haas Co., Charlotte, N.C. The disclosures of each of the

aforementioned trade publications are incorporated herein by reference.
EXAMPLE]

25 The applicant developed a structural mat matrix with physical
performance characteristics of heavy weight mats achieved at lower basis weight by
increasing the fiberglass content of the mat relative to the normal binder content and
including a relatively minor amount of wood pulp in the substrate matrix. The matrix

was produced as follows:



including a relatively mnor anmount of wood pulp in the substrate matri x.

The matri x was produced as fol |l ows: WO 99/ 13154

WO 99/13154
PCT/ US98/ 18554 FCT/USI/18354
Laboratory Preparation of Mtrix A 12" x 12" WIlians

Sheet Mol d, equipped with a Lightnin m xer 5 nmounted on the top rim
was filled with approximately 5 gall ons of “softened water. Agi tation
was started and of Nal co 88 viscosity nodifier and 5 m. of dilute
5 dispersant were< | SEEparatign opMABX f  Opens- Cor N ng 786 1 " "M chopped
fiber glass (16 m ) AR H %l ' :

m nutes. 0.31 gram of 9{wl)ﬁgr\ﬁ’g’a?[gﬁg%l&llgg%dg?’)égg%p%ﬁgg?c%}ﬁ?h&v&%ﬁ%ﬁI p was
di spersed for Ihowsebomihe itop rém, was filledaritingpprddmetety £ galioms of safteR60 water. of
water. The pulp slurry was added to the sheet wat er. _drai ned

... mold, th |
and the web f or/@itetion Was stagted andot0 mh of Nalep J3p% viseqsity appdlidier ang 5 b pfidilute ¢ o
openi ng the ghe _ e L e dnpn he
obr i ch s epefBntwerd R SHATRESHOWEh SCURMEI LN et Bl 0
wat er . glass (16 micron) wek @dded ndasixihg aostimmed 6 12aniauteki 041 \Wrdng ofind

di pped in a rectangul ar P%gn containing a 90: 10 by wei ght (solids)
m xture of Bor d@kmatoay Haperi 40X Supergell wood pulp pigs disp B 1y scondsing

Franklin Internﬁx‘i. L ae - v} 9 i ds.
The supported web if gieﬁas \séglg%\l/%%gq@ééth%eé ﬁgﬁ@ ?lé%g%agtg%egstg kgea?%%tlant
and then pl acedmbM, theGyatet drahddghdahd wely fRitmee bn e wipdhtahe bottdn@bf the Rhéwyt es
for drying and curing. Laboratory Preparation of Shingle
Coupon 10 mold. After openingrthe sheet meokil, aspara opercoath Wige wasnplacetrniep of the
prepared by heaylLn 0 [ f Ir | 1 %i dj '

one- quart sarrpf\té'é% g’ﬁh?f%qﬁ?sp%ag’agvr\rngggndgp %II% cEU%}’a vac s%étgg r%ﬁ%?éx%%% %a o

el ectrically-heated mant|Ehe WieRad thaisiRaRd o 4 third iy fiddippeddnatedangular pan
400[err]F, 650 granms of JTM Alsil-04TR fly ash _ were added slowy with

agi tati on unt i | containing a 90{]Kibygyeighs|(eolids)mixtup ofBawdgn Casco C-511X urea-

Precut (71/2" xp,11 ). rel ease [y l,.ac I A Lk | entfJ 25
draw down appargotrﬂgl.d&ﬂ(%ir s&’éa‘bﬁrﬁ@flﬂvﬁ&\ﬁﬁ@oﬂglkﬂvé%ﬁosﬁat% A 1(r‘z %?%%lagtg 46‘];’1%%?1
using 15t I IR ATRE$uppoied wEwhSassidoVerl® Vitusil JITR6 réniei@eexoes shtQrafb M |
(0.045 inch). Hot coating conpound (400[err]F) was poured in front

of the knife, t#ndberpleesdinacirpelating siveven set at 4087 fand minetekfor deying andh
across the Iengwrinogf the matri x sanple. Excess coating was

aboratory Preparation of Shi upon
The filled asphalt coating compound was prepared by heating 350
20 grams of Trumbull oxidized asphalt in a one-quart sample can equipped with a high-
speed mixer and an electrically-heated mantle. When the asphalt temperature reached
400°F, 650 grams of JTM Alsil-04TR fly ash were added slowly with agitation until a
uniform blend was obtained.
Precut (72" x 11") release paﬁer was placed in a Pacific-Scientific
25 draw down apparatus. A piece of matrix was mounted on the release paper using
transparent tape and the draw down skimmer gauge set to 45 mil (0.045 inch). Hot
coating compound (400°F) was poured in front of the knife, the electric drive turned
on and the knife drawn across the length of the matrix sample. Excess coating was
removed from the knife and the catch pan. The sample was removed from the
30 apparatus and remounted asphalt side down on a fresh piece of release paper. The

skimmer gauge was set to 90 mil (0.090 inch) and the reverse side coated with asphalt



renoved fromthe knife and the catch pan. The sanple was renoved fromthe
30 appar aty§ osi¥s enount ed asphalt side down on a fresh pi Gbosf §:{sﬁase
ncﬁ} Ad The

paper. The ski nmer gauge was set to 90 m | (0.090 i
reverse side coated with asphalt WO 99/ 13154
PCT/ US98/ 18354 6

conpound in the sanme manner as above. 6 After cooling
to ambi ent tenperature, .the coupon, sgndvvi ched between sheets of

rel ease paper , “QRROUBH & g SAMe ARRFTASADOYEs s havi ng pl at ens preheated to
250[ err]F, and was press %g% | for
30 seconds, 5 resulti néﬂlelﬁéog P?F?:‘iﬁﬁ%’g‘ﬁ‘%;ﬁp‘g’ | c’ﬁ%@%‘%&g@gﬁ?&%g%ﬁﬁ&g

(0. 065 inch). sheets of release paper, was placed in a Carver press, hain@\MatehSpieheakéd idl |
Laboratory handsheet matrix sanples were prepared by the, sanme

procedur e  desciibBEandprsdressed ahaprpssareiof 1000 peynds persgpare inphdorHhgseendsi ons
listed i ' L& | I\n Tabl 11 d
mmtrix compdsi ToUREe fi & fndf WuBl W SEUPERYE 6B IO SRR, TE0 2 1! a0

raw material cal culated to obtain tBXAMBIEKIIRGVE wei ghts listed for

each exanple in Table V. ] Exanple Il of the instant
invention is a nodificat Feherapryhandsheet matrix samples yererprepagediy e §#mef wood

pulp in the su ' 9 | ' - . .

nodi fication OP %é%&ég%&ﬁﬁ&f%%%?%%l@ﬁ% ﬁxless{xlﬁséxjgﬁ%c%%n CE 8Irlsfr1é§t%de’fr1’yde
resin. 15 EXatplethe Yidder eoripsiitions dbte@th PiblERRAR Batrix coapbifodsikradichy| i C
copol ynmer resin content in the binder. Exanple Vis a nodification

of Exanpl e 10, Waklp Vaavithabelqpanties of each ravnmetesia gtegt te obfaim theImeasrix/basin d

VII are matrix l.e onventiaqn conposition having basis

wei ghts of aboﬁm&%ﬁoﬁgﬁﬂleﬁ?@ﬁg“?i%tblgé’t‘i vely, to serve as _ _
control s. 20 _ Example IGofitH¢ Ris@AtiROARIONES £ mddERatietlof Exaadplé ent i cal
manner to that descri bed above for Exanple |.

EXAMPLES VI | | Aifh theqportion of wood pulp in the substrafzoinfreassel tob@%;i Exeraplg Hlds e hese

exanpl es were pr red g . [ ent i,on er KiR |_pent
c)(;mrrrgnl y used B‘ﬁ%ﬁﬁ%ﬁ?lﬁgﬁ% nple L ip H’&b@[%?/gmhﬂzlglm%%g é‘r%ésldeglagggésﬁh line
wi th convents oBghmpRUVVER :ﬂdﬁ@ﬁ@ﬂa@bfgwui,mm?-ls% acrylic dopylyfi@r fRfh Curi ng

of the matrix rolls were acconplished with _gas_ ired ovens.
Exanpl e VI 11 i sontentiptheftindesd Example isfa modificationaf Exampleds with no Boadpulp

in the substrate. Examples VI and VII are matrix samples of conventional

composition having basis weights of about 1.4 and 1.8 1b/sq. respectively, to serve as
controls.
20 Single coupons were prepared in an identical manner to that described
above for Example I.
EXAMPLES VI AND IX
Rolls of matrix used in these examples were prepared using
co-nventional paper making equipment commonly used in tfxe roofing mat industry.
25 Binder was added in line with conventional wet-web impregnation equipment.
Drying and curing of the matrix rolls were accomplished with gas-fired ovens.
Example VIII is the preferred matrix of the instant invention. Example
IX is a standard matrix of higher basis weight and binder content used in the
production of shingles and is included to serve as a control.
30 Shingles were made using conventional roofing shingle production

equipment and raw materials and contained granules.



| X is .a standard matri x of higher basis weight and binder content used in

t he wobeihied i on of shingles and is included to serve ﬁr/ﬁss%ﬂ@%ﬁm :

30 Shi ngl es were made using conventional roofing shingle
producti on equi pnrent and raw materials and contai ned granul es.
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PHYSI CAL PRCPE SeS (o Properties of the matrix sanpl es
and shingl e cotpyorrs=ot-t 9 to VI are shown in Table VII.
Those of the production pﬁ;pg } i A BamdsT tand

I X are listed in Table VIII h%??ﬁ%ﬁ%ﬁ?%%‘ﬁgs %frdosglg }Jer%)gggs 5 \ég)éjgltlélshed

by the Techni c ¥ deshowmin TabloVIit MhofdithaprdRzdipamatridesstnd\shinglespf) and
the American Sqci et Testj ng and . iials (ASTM. with nodjfications
adopt ed %‘BﬁmP%é%géPﬁ% ﬂ%l%ﬂﬁ%r@hé@%ﬂg&twp 858F ow.

PROCEDURE A\ 5 published by the Technical 35 iat] d'Pape Ttfils fanfBL 11 X
was neasure aggo?sglgngythoe eC}_)L%lca ‘f%%?ﬁléf\/bt fglggqﬁé(ﬁl %%92 ugf’ggap?%fm "xIl 0"
t est speci men chet AfencansSdeiendsfiBsting and MateridB€ASEM)evitlsmodifinatied adoptedunds
per square (100 square feet), as is customary in the roofi ng

i ndustry. %the@muﬁrywere used, as describéd below. 555 on i gnition of the

structural mat & sy tested by TAPPI 15 Method T 1013 om 92; the
results being %ﬁ‘%‘%@s&a percentage of the initial matrix wei ght .
PROCEDURE C Basis weight d£ths isiréctsdal @agmbtriafwashreastved ataordihg omt
matri x was measured _accor di to ASTM D-828. Jaw wi dth and sanpl e

n 3 1 n
wi dth were Hbt ﬁ@m%ﬁh@’rilﬁﬁ PR 92using a PP x1Qdeshensrimensutfzam 8 bandshead: rat e
of jaw separati : i 1 r: I
reported in pOl}?ll gﬂ%%}%pbﬁféﬁ@z)ogxg&%ﬂ%%(lbﬁéﬁ&%m1%§ﬁgt&ﬁax9x§the
Tear resi stanceodfingtin@ustdyt uct ural mat matri x was nmeasured according to
TAPPI Met hod T 1006 sp-92, using the El nendorf tearing tester described in
TAPPI 25 thm&ﬁﬁﬁ. A single-ply sanple was tested. The results are

reported in grans. . il
strength of the shingle g‘gg;;%s%ﬁtoggfees 3%%%9& nmgan?%wﬁx%tfﬁegw%‘qﬁl
15 Method T 1013 om-92; the results being reported as a percentage of the initial matrix
weight.
PROCEDURE C

Tensile strength of the structural mat matrix was measured according

to ASTM D-828. Jaw width and sample width were both 3 inches; initial gap
20 between jaws was 3 inches; rate of jaw separation was 12 inches per minute, test
results are reported in pounds per 3"-wide sample.
PROCEDURED
Tear resistance of the structural mat matrix was measured according to
TAPPI Method T 1006 sp-92, using the Ehﬁendorf tearing tester described in TAPPI
25 Method T 414. A single-ply sample was tested. The results are reported in grams.
PROCEDUREE
Tensile strength of the shingle coupon was tested according to ASTM
D-828. Jaw width and sample width were both 2 inches; initial gap between jaws was
3 inches; rate of jaw separation was 2 inches per minute. Test results are reported in

30 pounds per 2"-wide sample.



D-828. Jaw wi dth and.-sanple width were both 2 inches; initial gap between

] aws was I nches; rate of jaw separation was 2 inc ute.
Test results are reported in 30 pounds per 2"-wi de sanplé %ﬁgll%g

99/ 13154
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PROCEDURE F Teari ng redi stance of the shi ngl e coupon was
measured according to ASTM D- 3462 using an El nendorf tearing tester.
Test results g&@—&@é&@@d in grams.

TABLE | 5 ; : ' ]mg@%
Substrate Tearing rwgt%&lgfﬂé S%hg?é %&P?grmggﬁ% H{t%s Wi ght to

Ex. | Ex. | ASTMER-3462lusing dnElmleldorf tebring désteExTesviesultsare régotted in grams.

Fi ber gl ass 95.0 90.0 95.0 95.0 100.0 100.0 100. 0
Wod Pul p 5.0 10.0 5.0 : Di sper sant 0. 025

0. 025 0. 025 0. 025 0. 025 0.%§LEI 0.025 10 Viscosity

0.013 0.013 0. 013 0. 013 0.0 0. 013 0. 013 Modi fi er
TABLE Il 5 Formulation of Labératoty Hahdsheet@ub&raveluct i on Substrate

(Percent by Weight)

(Percent by Weight)
Ex.1 Ex. II Ex. 11 Ex. IV Ex.V Ex. VI Ex. VII
Fiberglass 95.0 90.0 95.0 95.0 100.0 100.0 100.0
Wood Pulp 5.0 10.0 5.0 5.0
Dispersant 0.025 0.025 0.025 0.025 0.025 0.025 0.025
10 Viscosity 0.013 0.013 0.013 0.013 0.013 0.013 0.013
Modifier
TABLE I
Formulation of Production Substrate
(Percent by Weight)
Ex, VIII Ex. IX
15 ° | Fiberglass 95.0 100.0
Wood Pulp 5.0
Dispersant 0.025 0.025
Viscosity Modifier 0.013 0.013




Ex. VIII Ex. I X 15 Fi ber gl ass

95.0 WO 99/13154 100.0 Wod Pul p PCT/US98/18354
5.0 D sper sant 0. 025
0. 025 Vi scosity Modifier 0.013
0.013 WD 99113154 9
PCT/ US98/ 18354 9
TABLE 111 For mul ati Labor at ory Handsheet Bi nder
(Percent by Dry Wi ght) i‘}"53?‘%19]{E><. | Ex. Il EX. Ex.
Ex. V Ex. Ex. 111 |V
VI A/l Borden FG ) . 95.0
95.0 5 413F Bor deFprmulation@f Laboratory, Jandshept Bindegs. 0 90. 0
g_ gl X Rohm & (Percent by Dry Weight) 5.0
Ex.I | Ex.II | Ex. Ex. Ex. V | Ex. Ex.
I v VI VI
Borden FG- 95.0 95.0
5 |413F
Borden 90.0 90.0 | 100.0 85.0 | 90.0
C-511X
Rohm & 5.0 5.0
Haas
10 | GL-618
Franklin 10.0 10.0 15.0 | 10.0
Covinax
830
TABLE IV
15 Formulation of Production Binder
' (Percent by Dry Weight)
Ex. VIII Ex. IX
Borden FG-413F 95.0
Borden C-511X 90.0
Rohm & Haas GL-618 5.0
20 | Franklin Covinax 830 10.0




Haas 10 G- 618 Franklin 10.0 10.0 15.0 10.0 .

Covi nax %@h%

For mul at i ‘())vr? Sz)9f1§§raoduct i on Bi nder fkfywcsz“ent by
Dry Wi ght) Ex. VIII Ex.

| X Borden FG 413F 95.0

Borden C-51 1X 90. 0 10 Rohm & Haas GL-618

5.0 20 Franklin Covi nax 830 0,.0 WO 99113154

PCT/ US98/ 18354 TABLE'V 10

TABLE V

Laboratory Handsheet Matrix Composition & Basis Weight

Ex.I | Ex.II | Ex. Ex. Ex.V | Ex. Ex.
HI v VI VII
Substrate 90.0 90.0 | 90.0 90.0 90.0 80.0 80.0
Portion (%)
5 | Binder 10.0 10.0 10.0 10.0 10.0 } 20.0 20.0
Portion (%)
Basis Wt. 1.45 1.43 1.45 1.44 1.45 1.42 1.80
(1b/100 ft%)
TABLE VI
10 Production Matrix Composition & Basis Weight
Ex. VIII Ex. IX
Substrate Portion (%) 90.0 80.0
Binder Portion (%) 10.0 20.0
Basis Wt. (1b/100 ft?) 1.44 1.60



Laborat ory Handsheet Matrix Conposition & Basis Wi ght

Ex. | Ex : Ex. Ex. V  Ex. EX.

O | o B Vi Substrate 90.0 DOH¥HY. o
90.0 90.0 80.0 80.0 Portion (% 5 Bi nder 10.0
10.0 10.0 10.0 10.0 20.0 20.0 1 Portion (% Basi s
W . 1.45 1.43 1.45 1.44 1. 45 1.42 1.80 (1'b/ 100
ftlerr]) TABLE VI 10

Production Matrix Conposition & Basis Wﬁﬁtvn

Ex. VIII - Ex. IX Substrate Portion (% 90.0
80.0 Bi nder Portion (% 10.0 20.0

Basis W. (| b/ Physical Pfaperticy of Baboratory Matrix Samples and Laborag@y Shingledpupdnd 3154
PCT/ US98/ 18354

Proce- | Ex.1 Ex.II | Ex. I | Ex.IV | Ex.V } Ex.VI | Ex.VII
dure
MAT
MATRIX
5 Basis A 1.45 1.43 1.45 1.44 1.45 1.42 1.78
Weight
Loss on B 15.5 18.7 147 14.0 11.1 204 19.6
Ignition
Tensile C 97 91 73 85 110 112 130
10 Strength
Tearing D 398 387 436 429 401 203 239
Resist-
ance
SHINGLE
15 COUPON
Tensile E 170 135 137 155 172 156 178
Strength
Tearing F 1309 918 967 1076 958 836 843
Resistance




11 TABLE VI | Physi cal

Properti e%B 9/ha£%xatory Matri x Sanpl es and Laboratory Shi %@S@lﬁ@%}s

Pr oce- 1 Ex. IV Ex. V
dure MAT I\/ATRI X 5 Basi s 1.45 1.43
1.45 1.44 1.45 1.42 1.78 W ei ght Loss on
B 15.5 18.7 14.7 14.0 1112 20. 4 19.6 lgnition
Tensi |l e C 97 91 73 85 110 112 130
10 Strengt h Tearing TABLE Vifg 387 436 429
401 203 239 Resi st - ance SHI NGLE 15°
COUPON Tensil e E 170 135 137 155
172 156 178 Physical PropleftR8 @f Production Matriked iPh@uction Shingles ~ 1309
918 967 1076 958 836 843 Resi st ance
Procedure Ex. VIII Ex. IX
MATRIX .
Basis Weight A 1.43 1.60
S5 | Loss on Ignition B 15.5 21.1
Tensile Strength C 85 81

-Machine Direction

Tensile Strength 28 45
-Cross Direction

10 | Tearing Resistance D 344 311
-Machine Direction
Tearing Resistance 408 429
-Cross Direction
SHINGLE

15 | Tensile Strength E 178 151
-Machine Direction
Tensile Strength 80 91

-Cross Direction

Tearing Resistance F 1167 1103

20 -Machine Direction

Tearing Resistance 1392 1123

-Cross Direction
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Properties o
Procedure

A

15.5

81
28
344
408

10

15
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TABLE VI I | j cal
fggll%?lg‘(‘juct ion Matrix and Production Shingl es PCT/US9£&¥'§J
Ex. VI Ex. IX MATRI X Basi s Wi ght
1. 43 1.60 Loss on Ignition B
21. 1 Tensil e St reng}? C 85

Machi ne Directi

0L eCt gl RS PA r etaepainr
conte%@-and mcreasmé\'ﬂl@ gggtmtl] @PS‘E?P%‘%’“ and mcludu@afena%@reﬁaﬁinsi ance
amount of wood pulp, the desired weight of the mat can be achxeved while
dramatically improving tear strength of the matrix and the shingle produced from the
matrix. Although not wishing to be bound by any particular theory, the applicant
believes that the wood pulp cellulosic component of the matrix in the invention
bridges the glass fibers to enhance tensile strength, thereby permitting a decrease in
binder content and an increase in fiberglass content to provide the surprising results
noted in Tables VII and VIII above.

It should be understood that the above examples are illustrative, and
that components other than those described above can be used while utilizing the
principles underlying the present invention. For example, other sources of wood pulp
as well as mixtures of urea formaldehyde and/or acrylic latices can be used in
formulating the matrices. Other suitable types of latex can be used in combination
with urea formaldehyde to improve the properties of the matrices, provided that
fiberglass comprises the major proportion of the matrix. The matrices can be
employed in roofing materials such as roofing shingles, built-up roofing, rolled

roofing and other products such as facer, etc.



15 Tensile Strength E 178 151

- Machi ne Gypafhk Tensil e Strength
91 -Cross ﬁarect i on Tearing Resistance F PeT/USIVgSY

1167 1103 20 -Machine Direction Tearing Resi stance
1392 1123 -Cross Direction WD 99/43154

oL sian
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Surprisingly, the applicant has discovered that by redﬂm uﬂ)‘!‘\m&m\
content and increasing the overall fiber anount and i nOM wrebatively
m nor anmount of wood pul p, the degif wei ght of the mat can be

achi eved while dramatically inpr g tear strength of the matrix and
t he shingle produced fromthe 5 matrix. Although not wi shing to be bound
by any particular theory, the applicant, .., believes that the wood pul p
cel I ui osi ¢ conponent of 11 ActmgEalmat marewhich eppdses: bridges the gl ass

fibers to enhance tensi %Pea ;htbgts;ggwchtcgﬁg ﬁg&sgﬁf W o iagh ﬂ)%@?&‘}%%ﬁ&éﬁgm
10

: : 1
bi nder content and an increase | I'berglass content to provi

surprising regbbighss fibers andir6 200 Halvh by weéight andd pilp] ambove.
It shoul d be understood that the above exanples are illustrative,

and
that conporfents ot her t Rhdbinderswhigle sensistiagseatialeoiiom $874 1889 73y weight

xampl e, ot hope et BB atat 200 s BgRSEh IR, [0

f or mal dehyde and/ or acr Whefeid stid Bif8erddndd@e sotittaterfiberglass fibersnmul atoodg t he
matrices. Other -suitable types of |atex can be used in conbination . 15

with urea for mpulpdegsthes and whersitosaid bisderpompaises faam §¥+ tord %y weigdbof ssidbovi ded
t hat fi bertgl ass conprises the major proportion of the matrix. The
matri ces can B&TX

10 2. A structural mat matrix according to claim 1 wherein said binder

comprises 10% by weight of said matrix.

3. A structural mat matrix according to claim 2 which comprises
a) a substrate which consists essentially of 95% by weight fiberglass
and 5% by weight wood pulp; and
15 b) a binder which consists essentially of 90% by weight urea
formaldehyde resin and 10% by weight acrylic copolymei'.

4. A structural mat matrix according to claim 3 in which said acrylic

- copolymer is a vinyl acrylic copolymer.

5. A method of making a structural mat matrix which comprises
20 a) forming a wet mat which consists essentially of from 80% to 99%
by weight fiberglass fibers and from 20% to 1% by weight wood pulp;
b) applying a binder which consists essentially of from 80% to 95% by
weight urea formaldehyde resin and from 20% to 5% by weight acrylic copolymer;
and

25 c) drying and curing said mat and binder at elevated temperatures.



enpl oyed in roofing materials such as roofing shingles, built-up roofing,

roll ed W09£/?301f5‘|1 ng and ot her products such as facer, etC'PCT/Us9s\//¥8)354
99/ 13154
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CLAI V5 1. A structural mat matrix which co | :
a) a substrate which consists essentiallyléf from80%to Hmuﬁﬂnm“aﬁm““\
fiberglass fibers and from20%to 1% by wei ght wood pul p; I8k WS *
b) a binder which consi i # wofappiodittywhich ¢qnaprist®% t o 95% by wei ght

urea formal dehyde resin and, from 20% t 0. 5%.0by wei ,acrylic copolyrer;
wherei n sai d bi nder bonc?gatsméc g’?}%@’&‘{”ﬁ}@&?’ﬁ%‘g&% bers and wood

pul p together and wherein saijgl, Bl WIEPEINSRE chdeatialbPof ford 30640y 99%j ht of
sai d matri x. 10 2. A structural mat matrix according

to claim| wheweight fimrglassifiteerand from 208e il Yeby weightyoedkpulpiandf said matri x.
3. Astructyral mat matrix accordi,ng 0. claim2 wich ' o
a) a substrate which consi sté‘géi’g\élﬁ’?wgﬂ%;o%}igﬁgﬁ%vw lﬁ@?gﬁg#qﬁ%g}r%ﬁ/&&

and 5% by wei ght: ¥ORg, ) 'dxgﬂﬂ d from 20% to 5% by Reight BeHe eoplyraét;
consi sts essent %ﬁ% o'%gi%e y vf/e}s?%ﬁrtx u?ea ’ foo?'maﬂ%lﬂehylg;ei resin and 10%
by wei ght acrylic copol ywherein said binder bonds the substrate fiergless fibers and wbodrat
tri ding to claim3_ in, whj id | i | i.S . Vvinyl
ggr ;: ;(Caggggl ;/n P _té)get e?lann& whérgin sa%dcbr%n e?lcomg%% frota 5% to lg%pt?y %mmga{lt ofaid /' Y
matrix; and

10 b) a filled asphalt which impregnates and/or coats the mat matrix.




R AZZ %A% 4 2 B
5. A nethod of making a structural mat matrix which conpri ::_.:"‘.':1‘ DR

@) forming apgiyal whi chycannsifres sRfekrdlchdmlanbi;om 80% §
wei ght fi berglﬂgé fibers and from hetgipna Beeshy wei ght wood pu 'o"
b) ap pimmmmm APPIUATHON PUBLSHEDSSNPER THEIPATENTICOOPERAMION TREXTRVPCT)

et g pmm269% 5% fTt—acryt
o L ona el RS B0 1 T o |8 Tty TR \ERFg o x W O IEHES
o rher DAt dog il b o0 W@%ﬁ?‘ﬁi.ﬁm@ ot BRI

corH ) S

essen]l? ?ﬁnrahonal Application Number: o0 P cB/Us98/1835£ @@Péi%’a%&s ”}1‘35%9 Azsf; BB, 5
209 )&@Iﬂ&ﬁahghaminghttevwodwmr 193&(030995) GH, GM,HR HU m 1L, IS, ¥, iKE mbnp e Kz,
which consists essentially of from 80%|to 95B% E{y LR, LS, LT,4d} agltEMmﬁ@aMK:W MW,

for ) dehyde resin and from 20%to 5% by V\Blﬁtmaﬁﬁfpﬁm G'SFARS&SL'S;
wne] o B ’gﬁ?@l nder sagaie 199 oauAL T Al i bt @ el ishasississfy  Burasien patent

pul p t oget her and vvherel n sal bi nder clo HMAZBWKCB%,H\@ m%tm) Ribpes patenf

sai d b§AT FHJ &P {FL\ER, G GR, IE, IT,
o gt Koo s o) "L A SR Y Bl o
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(54) Title: STRUCTURAL MAT MATRIX
(87) Abstract

A structural mat matrix comprises (a) a substrate which consists essentially of from 80 % to 99 % by weight fiberglass fibers and
from 20 % to 1 % by weight wood pulp and (b) a binder which consists essentially of from 80 % to 95 % by weight urea formaldehyde
and from 20 % to 5 % by weight acrylic copolymer. The binder bonds the substrate fiberglass fibers and wood pulp together and comprises
from 5 % to 15 % by weight of said matrix, preferably 10 % by weight of the matrix.




