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FIRE-RESISTANT NDECORANIED COVIPOSITE LAMN.
INATE MEMBERS AND METHOD OF prODUC-
ING SAME

Willian: C. Ilned. Varaville, and Duvid E. PRaldwin,
Ilampton, S.C., assignors (o Wedinghouse Flectric
Corporation, East Pittshurgh, 1%, a corporation of
Pennc<yivania -

Filed Dce, 31, 1987, S2e. M. 706,318
§ Claims. (Cl. 184—=45.9)

This inveation rclates to compacite laminate members
and particularly to compocite decorated lanunate mem-
bers having good firc-resistance ard to the mecthod of
producing same.

Decorated laminate mcmbers have cnjoyed wide-
spread use in th: building industry, cepecially as deco-
rative wall pancls, cciline pancls and the like. Many
applications require that the decorative pancls be fire-
resistant.  This is particularly true when the decorative
pancls are used as bulkhead construction in ships, and
wall construciion in hospitals. office bLuildings and the
like. Hecretofore, attempis have heen made to produce
fire-resistant decorated laminate members, however, the
laminates have not possessed adequate phyrical strength
and other desirabic physical propertics.  Attempts to
improve physical propertics have resnlted in a consid-
crable reduction in firc-recistance to a point where the
material could not be clascified as firg-resistant, It is
highly desirahle to have available in the art decorated
Jaminate mcembers that have good fire-resictance and high
physical strength,

The object of this invention is te provide compasite
decorated laminates comprising sheet fibrous material
impregnated and bonded together by thermoset resinous
compositions, which laminates have good fire-resistance
and high physical strength.

Another object of this invention is to provide a method
for producing decoraled laminates of high physical
strength and good firc-resistance.

Other abjects of this invention will, in part, be obvious
and will, in part, appear hereinafter.

For a better understanding of the nature and objects
of the invention, reference should be had to the follow-
ing dJetailed description and ‘drawing in which the single
FIGURE is a schematic view of an ascembly of sheets in
accordance with this invention.

In accordance with this invention a dccorated com-
posite laminate member is preparcd which has good fire.
resistance and high physical strength. The composite
laminate member comprises a ¢nre or body layer com-
prising a plurslity of shects of ashestos paper impreg-
nated with a phenolic condencation product and a deco-
rated surface layer impregnated with a clear melamine-
aldebyde resin.

The decorated laminate members of this invention
will usuaily be adhesively bonded to a rigid backing sheet
of fire-resistant material having a thickness of from about
Va inch to | inch to provide suitable fire-rosistant panels.
Theo pancls thus produced are well suited for structural
materials for the marine industry, hospitals and the like
where fireproaf structures are required.  An cxample of
a syitable rigid backing matcrial is that available com-
mercially under the proprictary name Marinite. The
adhesive compasition employed is preferably a fire.re-
sistant type such a< the silicon type adhesives.

The decorated surface layer mayv comprise a sheet of
alpha-<ccllulose paper, thin cotton fabric, «ilk, glass fab-
ric, asbestos paper or like fibrous sheet material with a
design imprinied thercon or the shect may be pigmented
throughout. Pigmented shects with designs imprinted
thereon may also be employed. Ordinarily, a resin im-
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pregnated protective overlay shect is employed over
<hiects having designs imprinted thereon to provide be:ter
abrasion resistance and good surface appearance there-
to. Pigmented sheets that have no design imprinted
thercon will ordinarily have good abrasion sesisiance
andl henee an averlay sheet ic not required.  Suitable ma-
teriale for overlay <heets include rayon. glass fabric and
alpha-celluloce papér. In accordance with this invention,
whea an overlay sheet is employed, it will be impreg-
natcd with a clear melaminc-aldchyde resin.

Any comumercially availablc asbestos paper shecting
cuch. for example. as that available under the proprietary
nume Navabestos, may be employed in preparing the
laminatec of this invention.

Sheets of asbestos paper are impregnated with any
well Lnown conventional thermosciting phenolic resin
prepared hy reacting phenol, cresol, or cresylic acid with
formaldchyde, paraformaldehyde or other polymers of
formaldehyde, ordinarily in the presence of an alkaline
catalyst <uch as ammonia, sodium hydroxide, lime, or
barium hydroxide. A volatile solvent such as ethyl al-
cohol, toluene oe xylenc is added to the resin to produce
an impregnating varnish. The resin solids content of
the varnish may be varied fram about 20% to 60% by
weight.

A snitable resin may he prepared by reacting 1 mol
of phenol and from 0.9 to 1.7 mols of formaldchyde in
a closed reaction vessel under reflux conditions for at
least 1 hour, the reaction being catalyzed by an alkaline
catalyst such as ammonia and then vacuum dechydrated
at a temperature not excceding 100° C.

Example 1

The following it an example of the preparation of a
partially reacted thermosettable phenolic resin that may
be employed in carrying out this invention:

Into a steam heated reaction kettle there are intro-
duced the following: :

Parts by weight

PRENO! ccccccccccconccccccvasccnccconccnnaee 110

Formaldchyde (379%) cccaccacaaa ceecomcceeaa- 104

Ammonia (28%) - ———— cene - 375

These materials are reacted in the steam heated reaction
vessel at a temperature of approximately 100° C. under
reflux conditions for a period of about 1% hours. The
mixture is then dehydrated under a vacuum of 28 inches
of mercury, and the temperature gradually increased to
approximately 75° C. during dchydration. Substantially
all the water is removed. To the hot reaction product
there is added 81.5 parts by weight of 95% ethyl alco-
hol and the resulting resin varnish is then permitted
to cool to room temperature. This resin vamish has 2
viscotity of from 180 to 400 centipoises 3t 25° C. and 2
sct time of from 13 to 16.5 minutes at 153.5° C.

Another particularly good resin composition that may
he employed in impregnating the sheets of asbestos paper
is a dicyandiamide-phenol-formaldehyde resin composi-
tion. Such a resinous composition is derived by reacting
phenol. dicyandiamide and formaldehyde in the propor-
tions of 1 mol of the phenol, from 0.8 to 2 mols of di-
cyandiamide and from 0.9 to 1.5 mols of !ormaldch_yde
per mol of thc combined phenol and dicyandiamide.
Water is present, being_ usually furnished as 2 part of
aqueous formaldehyde solution (37 10 40%), aod
amounting to at least 10% of the weight of the reactants,
and ordinarily should not excced the weight of the re-
actants. The mixture is reacted under alkaline conditions
for at least Y4 hour, and preferably by refluxing from 1
to 2 hours, and then is vacuum debydrated st a teropera-
ture not exceeding 100° C. uptil substantially all of the
water is removed and then a volatile solvent is applied to
produce an impregnating varnish.
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The resin varnish employed to impregnate the asbestos |

paper sheets may include a small proportion, of the order
of 27+ 1o 10% by weight, of fincly divided inorganic
solids such as silica. aluminum oxide, antimony oxide and
the likc refractary solids to impart beiter fame resistance
to the final product.

The following example is illusteative of the methed of
preparation of a suitable dicyandiamide-phenol-format-
dehyde resin for use io this invention.

Example 1

Into a steam heated reaction kettle there are introduced
the following:
Parts by weight
-

PhENOl cevcccccecccccmenssccanaes ecmammae~e 2750
Dicyandiamide 2100
Formaldehyde (37%) ccceeee- cecmmmemeamem- -a 4620
Ammonia (2850) ceeccccecccccocecacnacen- -- 166

The ammonia and the {ormaldehvde are admixed before
heing introduced into the kettle with the rcmainder of
the ingredicnts, the mixture having a pH of approximate-
ly 8.5. The mixture is slowly heated, and at 80° C. an
exotherinic reaction takes placc that carrics the tempera-
ture 1o approximatcly 95° C. Additional heat is then
suppiicd in order to causc the reaction mixture to reflux.
The mixture is refluxed for 90 minutes and then dehy-
drated under a vacuum of 27 inches of mercury, and the
temperature gradually increased to approximatcly 75° C.
during dJehydration. Substantially all the water is re-
moved. To the hot reaction product there are added
2000 parts by weight of 95% etbanol, and the resulting
thick varnish is cooled to room temperaturc. The resin-
ous reaction product is then further diluted with a mix-
ture comprising 50% by weight of ethanol and 50% by
weight of waler 10 produce an impregnating varnish com-
prising approximately 53% by weight of resin solids.
The viscosity of the compasition is approximately 250
centipoiscs at 25° C.

Particularly good results have been obtained by im-
pregnating sheets of asbestos paper with a mixture of
from 2 parts to 4 parts by weight of a conventional
phenolic resia and 1 part by weight of 2 dicyandiamide-
phenol-formaldehyde resin dissolved in a suitable solvest
such as ethyl alcobol to provide a varnish composition
having from 20% to 60% resin solids.

The following example is illustrative of a suilable mix-

ture to be employed in carrying out this invention.

Example 111

Three parts by weight of the resinous reaction product
of Example I and one part by weight of the resinous
reaction product of Example 11 and 15 paris by weight
of 959 ethyl alcohol are thoroughly admixed by agita-
tion o form an impregnating resinous varnish composi-
tion. This resin varnish has a viscosity of from 60 to
150 centipoises at 25° C. and a set time of from 13.5 to
17.5 minutes at 153.5° C.

The sheets of asbestos paper may be impregnated with
{he resin varnish composition of this igvention in any con-
ventional manner, for examplie, 33 described ia the patent
to Weltman et al., Patent No. 2,579,637, Itis imqonan}.
for the purposes of this invention to employ a resin ratio
of the impregnant within the relatively narrow range of
from 1.35 to 1.80. Resin ratio is defied as tbe ratio of
the weight of the untreated f{abric plus the weight of the
resin that is impregnated in the sheet 1o the weight of the
untreated fabric. In other words, the treated fibrous ma-
terial carries resin in as amount equal to from 35% to
807 of the fibrous material alone. To achieve the ult.i-
mate in fire-resistance the very minimum amount of resia
is desired; however, to obtain desired physical properties,
such as good moisture resistance, good dimensional sta-
bility, good impact strength and the like, 2 somewhat
greater amount of resin content is desired.

Thus, asbestos paper sheeting is dipped in the varnish
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one or more times until it has picked up resin solids in a0
amount of from 0.35 to 0.80 times the wcight of tbe dry
asbestos _paper and the wvarnish impregnated asbestos

“paper is passcd through an oven or other drycr afier each

dip 10 remove the volatile solvent. During drying, it is
desirable to heat the asbestos paper treated with the
varnish composition at a temperature of from 110° C.to
160° C. in order to remove the solvent therefrom prompt-
ly and to advancc the cure of the resin well into the “B”
stage. The heat treatment of the applied resis at thus
stape is conducted so that the resulting treated fabric bas
a “greenness” of from 0.3% to 6%. The presnness i3
determincd by placing a stack of small pieces of the resio
treatcd sheet material in 3 hot press and pressing it at 3
temperature of 175° C. and a pressure of 1000 pounds
per square inch for § minutes. and then measuring the
amount of resin that is foreed out of the stack, that is,
the resin that extends beyond the fibrous sheet material
proper, and dctermining the proportion of tbis exuded
resin 10 the total weight of the sample.

It is also essential that the greenness be controlled and
kept within the above limits, It is important to have ade-
quale greenness so that a homogeneous lamigate is ob-
tained. However, if the greenness is too high, 3 burst-
ing of the ashesios fibers is encountered during lamioat-
ina process and the rcsin tends to flow into the decorated
layer causing a discoloration of same. Details of the
laminating procedure will be set forth hercinalter.

The decorated sheet materisl and protective overlay, it
one is employed, are impregnated with at least 50% of
their weight with a clear thermosctting melamine-aldchyde
resin. It will be appreciated that in many casss, tbe
melamine-formaldehyde resin have been made in the pres-
ence of butanol and that they comprise butylated poly-
mers. The tcrms “mclamine-aldehyde™ are intended to
apply to such compositions which comprise esseatially
these reactantis as the main ingredients but may cootaia
other ingredients such as sulfonamides, glycols, glucosides
and the like which are added to provide spesial properties
such as flexibility, eraze-resistance and the like. The
manufacture of the melamine-aldehyde resios suitable for

the practice of the present invention is well knows io the:

art and nced oot be detailcd hereis.

Referring to the single figure of the drawing, there is
shown a stack 10 which comprises sheets 12 of absestos
paper impregnated with B-stage phenolic resio, decorated
sheet 14 and protective overlay sheet 16 both of which
are impregnated with B-stage melamine-aldehyde resin.

The stock 10, as shown in tbe figure of the drawiog is
introduced into a molding press wherc the stack is sub-
jected for a specified period of time to a temperature of
from about 260° F. to 320° F., while under pressure.
Pressurcs of {rom 500 p.s.i. to 1500 p.s.i. are sausfactory,
while pressures of from 1000 p.s.i. to 1200 p-s.i. give best
results. The curing cycle must be closely costrolled so
that adequate and complete cure of the melamine-aldebyde
tesin and the phenolic resin will be eflected. Adequate
curing of the resin componcents is obtained in about 15
minutes to 25 minutes at a temperature of {from about
260° F. 10 300° F.

The following examples illustrate the preparation of
composite decorated laminate members in accordance
with this invention.

Example 1V

Eight sheets of asbestos paper (12 inches x 12 inchbes x
0.010 inch) are impregnated with the phenolic resin var-
nish of Example 1, to a resin ratio of about 1.60 aod a
greenness of about 1.0% and the solvent removed. Oue
sheet (12 inches x 12 inches x 0.010 inch) of pigmested
alpha-cellulose paper is impregnated with melamine-alde-
hyde resin varnish to provide a resin ratio of about 2.20
and the solvent removed. A stack was prepared by super-
imposing one shect of impregnated asbestos paper on the
otber aod the impregnated pigmented sheet placed on the
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top of the stacked asbestos sheets.  The stack is consoli-
dated or molded into a composite laminated member at a

. pressure of 1000 p.s.i. and at a temperature of about 280°

F. for a period of about 19 minutes. The resulting lami-
pate has good surface characteristics, good physical proper- 8
ties and good fire-resictance.

Exumple V

Ten sheets of asbestos paper (12 inches x 12 inches x
0.010 inch) are impregnated with the phenolic resin var-
nish of Example I1, 10 a resin ratio of about 1.60 and 3
greenncess of about 1.0% and the <olvent removed. One
sheet (12 inches x 12 inches x 0.010 inch) of pigmented
alpha-ceilulote paper is impregnated with melamine-alde-
Ryde resin varnish (o provude a resin ratio of about 2.00
and the solvent removed. In accordance with the method
of Example 1V 3 compoxite decoratad laminate member
is prepared. This laminate has good surface quality, ex-
cellent firc-resistance, and high physical strength.

Example VI

Six sheets of achestae paper (12 inches x 12 inches x
0.010 inch) were impregnated with the phenolic resin
varnish of Iixample 111, 1o a resin ratio of about 1.60 on
a greenness of 19 and the salvent removed. Onc sheet
(12 inches x 12 inches x 0.010 inch) of pigmented alpha-
cellulose paper having a design imprinted thercon and
one sheet (12 inches x 12 inches x 0.010 inch) of rayon
fabric are impregnated with melaminc-aldchyde resin
varnish and the solvent removed. The sheet of alpha-
ccilulose paper is provided with a resin ratio of about 1.70
and the rayon shcet with a resin ratio of about 3.00. A
stack is assembled by superimposing one sheet of impreg-
nated asbestos paper on the other. The sheet of pig-
mented alpha-cellulose paper is placed on top of the stack
and the rayon sheet is pinced on top of the pigmented
sheet. In accordance with the method of Example IV o,
osite decoratcd laminate membher is preparcd. This
decorated laminatc_member is_adhesively bonded to a
one inch thick sheet of Marinite by usine a hcat resistant $0
adhesive composition (o produce a compasiie mcmber.
This composite mcmeer was tesied ysing the ndcrwriters’
Laboratorics, Inc.. test entitled "lunncl Jest for Fite Re-
sistance of Building Materials.”™ _[he following resulls
were obtained: 43
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Rate of flame spread
Fuel contfiouled mmcececcccsmsscccessssncnacnne

Tmoke developed

It will be understood that the above examples and de- 60

scription and drawing are illustrative and not in limitation
of the invention.

We claim as our invention:

1. In the process of preparing a fire-resistant decorated
composife laminate member. the steps comprising (1)
impregnating asbestos paper sheeting with a solution of 2
Bermosciiable.. resipous composition consisting of (A)
from 2 parts to 4 parts by weight of a phenolic resin de-
rived by reacting 1.0 mol of a phenol and from 0.9 mol
to 1.7 mols of {ormaldchyde under reflux conditions for
at Jeast one bour, the reaction being catalyzed with an al-
kaline catalyst. and then vacuum dehydrated at a tempera.
ture not exceeding 100° C. and (B) one part by weight of
the resinous reaction product derived by reacting one mol
of a phenol, from 0.8 mol to 2.0 mols of dicyandiamide,
and from 0.9 mol to 1.5 mols of formaldehyde per mol of
the combined phenol and dicyandiamide in the presence
of water, the mixture being refluxed for at least ¥4 hour,
and then vacuum dehydrated at a temperalure not excecd-
ing 100° C., the resin impregnated sheet fibrous material
being heated to drive off the solvent and to advance the
cure of the resin to a condition where ils greenness is
from 0.3% to 6%, the asbestos paper sheeting carrying
from 0.35 to 0.80 times its weight of the resin after dry-
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ing. (2) superimposing a plurality of layers of the resin
xrcnxc.d ashestos paper shecting to provide a stack, (3)
superimposing a dccorated sheet of fibrous material im.
pregnated with a potentially thermosettable clear mela-
mine-aldehyde resin on top of the stack to provide a com.
posite member, and (4) molding the composite memnper
at a pressure of from 500 to 1500 pounds per squarce inch
at temperature of from 135° C. to 165° C.

2. The process of claim | wherein a protective over.
lay sheet of fibrous material impregnated with a poten-
tially thermoscitable clear miclamine-aldehyde resin is
superimposed on top of the impregnated decorated sheet
prior 1o moiding. .

3. A fire-resistant decorated composite laminale mem-
her comprising (A) a surface layer comprising a decorate-
sheet of fibrous material impregnated with 2 thermose
melamine-aldchyde resin and (B) a body layer comprisin
a plurality of sheets of -asbestos_paper impregnated with
a-thesmoset YEsin ‘compesition comprising from 33% to
R0 of the weight of the ashestos paper alonc! the thermo-
cf resin composition consisting of (1) from 2 parts to 4
parts by weight of a phenolic resin derived by reacting 1.0
mol of a phenol and from 0.9 mal to 1.7 mols of form-
aldchvde under reflux conditions for at least 1 hour, the
reaction being eatalyzed with an alkaline catalyst. and then
vacuum dechydrated at a temperature not exceeding 100°
C. and (2) one part by weight of the resinous reaction
product derived by reacting one mol of a phenol, from
0.8 to 2.0 mols of dicyandiamide, and from 0.9 mol to
1.S mols of formaldchyde per mol of the combined phenol
and dicyandiamide in the presence of water, the mixture
being refluxed for at lcast V& hour, and then vacuum de-
hydrated at a temperature not exceeding 100° C., the-said
decorated sheet and asbestos sheets being consolidated
and bonded together into a unitary member.

4. A thermosettable resinous composition consisting of
(1) from 2 parts to 4 parts by weight of 3 phenolic resin
derived by reacting 1.0 mol of a phenol and from 0.9 mol
to 1.7 mols of formaldehyde under reflux conditions for
at least onc hour, the reaction being catalyzed with an al-
kaline catalyst, and then vacuum dehydraled at 2 tempera-
ture not exceeding 100° C., and (2) one part by weight of
the resinous reaction product derived by reacting one mol
of a phenol, from 0.8 mol 1o 2.0 mols of dicyandiamide,
and from 0.9 mol to 1.S mois of formaldehyde per mol
of the combined pheno!l and dicyandiamide in the presence
of water, the mixiure being refluxed for at least ¥4 hour,
and then vacuum dehydrated at a temperature not exceed-
ing 100° C.

S. A resinous impregnating varnish composition con-
sisting of (1) from 2 parts lo 4 parts by weight of a
phenolic resin derived by reacting one mol of a phenol
and from 0.9 mol to 1.7 mols of formaldehyde under re-
flux conditions for at least 1 hour, the reaction being
catalyzed with an alkaline catalyst and then vacuum de-
hydrated at a temperature not exceeding 100° C. (2) one
part by weight of a resinous reaction product derived by
reacting 1 mol of a phenol, from 0.8 to 2.0 mols of di-
cyandiamide, and {rom 0.% mol to 1.5 mols of formalde-
hyde per mot of the combined phenol and dicyandiamide
in the presence of water, the mixture being refluxed for
at least '3 hour, and then vacuum dehydrated at a tem-
perature not exceeding 100° C., and (3) a solvent therefor.
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