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Flame 1inhibitor composition and use thereof

FIELD OF THE INVENTION

The present invention 1is directed to flame retardants, and

particularly flame retardants which include solubilized

phosphorous.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is an illustration of an exemplary continuous
process of non-compressively and uniformly applying a solution
throughout a permeable sheet.

FIG. 2 is an illustration of an exemplary liguid
distribution element.

DETAILED DESCRIPTION OF THE INVENTION

DEFINITIONS

As used herelin, the term "nonwoven web" refers to a web
that has a structure of individual fibers or filaments which
are interlaid, but not in an identifiable repeating manner.
Nonwoven webs have been, in the past, formed by a variety of
processes known to those skilled in the art such as, for
example, meltblowing, spunbonding, wet-forming and various
bonded carded web processes.

As used herein, the term "spunbonded web" refers to a web
of small diameter fibers and/or filaments which are formed by
extruding a molten thermoplastic material as filaments from a
plurality of fine, usually circular, capillaries in a
spinnerette with the diameter of the extruded filaments then
being rapidly reduced, for example, by non-eductive or
eductive fluid-drawing or other well known spunkonding
mechanisms. The production of spunbonded nonwoven webs is
illustrated in patents such as Appel, et al., U.S. Patent No.
4,340,563.

As used herein, the term '"meltblown fibers" means fibers

formed by extruding a molten thermoplastic material through a
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die capillaries as molten

threads or filaments into a high-velocity gas (e.g. air)

stream which attenuates the filaments of molten thermoplastic

material to reduce their diameters,

which may be to microfiber

“diameter. Thereafter, the meltblown fibers are carried by the

high-velocity gas stream and are deposited on a collecting

surface to form a web of randomly disbursed meltblown fibers.

The meltblown process is well-known and is described in

-various patents and publications,

including NRL Report 4364,

- "Manufacture of Super-Fine Organic Fibers" by V.A. Wendt, E.L.

Boone, and C.D. Fluharty;

NRL Report 5265, "An Improved Device

for the Formation of Super-Fine Thermoplastic Fibers" by XK.D.

Lawrence, R.T. Lukas, and J.A. Young; and U.S. Patent No.

3,849,241, issued November 19, 1974, to Buntin, et al.

As used herein, the term "microfibers" means small

diameter fibers having an average diameter not greater than

about 100 microns, for example,

about 0.5 microns to about 50 microns,

having a diameter of from

more specifically

microfibers may also have an average diameter of from about 1

micron to about 20 microns.

Microfibers having an average

diameter of about 3 microns or less are commonly referred to

as ultra—-fine microfibers.

A description of an exemplary

process of making ultra-fine microfibers may be found in, for

example, U.S. Patent No.

5,213,881, entitled

With Improved Barrier Properties®.

As used herein, the term

A Nonwoven Web

"fibrous cellulosic material®

refers to a nonwoven web including cellulosic filbers (e.qg.,

pulp) that has a structure of individual fibers which are

interlaid, but not in an identifiable repeating manner. Such

webs have been, 1n the past,

formed by a variety of nonwoven

manufacturing processes known to those skilled in the art such

as, for example, air-forming,

wet—-forming and/or paper-making

processes. Exemplary fibrous cellulosic materials include

papers, tissues and the like.

Such materials can be treated

to impart desired properties utilizing processes such as, for

example, calendering, crepling,

entangling and the like.

Generally speaking,

hydraulic needling, hydraulic

the fibrous
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cellulosic material may be prepared from cellulose fibers from
synthetic sources or sources such as woody and non-woody
plants. Woody plants include, for example, deciduous and
coniferous trees. Non-woody plants incilude, for example,
cotton, flax, esparto grass, milkweed, straw, jute, hemp, and
bagasse. The cellulose fibers may be modified by various
treatments such as, for example, thermal, chemical and/or
mechanical treatments. It is contemplated that reconstituted
and/or synthetic cellulose fibers may be used and/or blended
with other cellulose fibers of the fibrous cellulosic
material. Fibrous cellulosic materials may alsc be composite
materials containing cellulosic fibers and one or more non-
cellulosic fibers and/or filaments. A description of a
fibrous cellulosic composite material may be found in, for
example, U.S. Patent No. 5,284,703.

As used herein, the term "pulp" refers to cellulosic
fibrous material from sources such as woody and non-woody
plants. Woody plants include, for example, decilduous and
coniferous trees. Non-woody plants include, for example,
cotton, flax, esparto grass, milkweed, straw, Jjute, hemp, and
bagasse. Pulp may be modified by various treatments such as,
for example, thermal, chemical and/or mechanlcal treatments.

As used herein, the term "solution" refers to any
relatively uniformly dispersed mixture of one or more
substances (e.g., solute) in one or more other substances
(e.g., solvent). Generally speaking, the solvent may be a
liguid such as, for example, water and/or mixtures of liquids.
The solvent may contain additives such as suspension agents,
viscosity modifiers and the like. The solute may be any
material adapted to uniformly disperse 1in the solvent at the
appropriate level, (e.g., ionic level, molecular level,
colloidal particle level or as a suspended solid). For
example, a solution may be a uniformly dispersed mixture of
ions, of molecules, of colloidal particles, or may even
include mechanical suspensions.

As used herein, the terms "permeable" and "“permeability"

refer to the ability of a fluid, such as, for example, a gas
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to pass through a particular porous material. Permeability
may be expressed in units of volume per unit time per unit
area, for example, (cubic feet per minute) per square foot of

material (e.qg., (ft3/minute/ft2). Permeability was determined

‘utilizing a Frazier Air Permeability Tester available from the

Frazier Precision Instrument Company and measured in
accordance with Federal Test Method 5450, Standard No. 191A,
except that the sample size was 8" X 8" instead of 7" X 7%,
Although permeability 1is generally expressed as the ability of
air or other gas to pass through a permeable sheet, sufficient
levels of gas permeability may correspond to levels of liguid
permeability to enable the practice of the present invention.
For example, a sufficient level of gas permeability may allow
an adequate level of liquid to pass through a permeable sheet
with or without assistance of a driving force such as, for
exanmnple, an applied vacuum or applied gas pressure.

As used herein, the terms "laminar flow" and “laminar
flowing® refer to a condition of fluid flow (e.g., liquid
flow) in a conduit in which the fluid particles or streams
tend to move parallel to the flow axis and not mix. Laminar

flow is distinguished from turbulent flow which may be

characterized as a diffused pattern of flow. For the purposes
of the present invention, laminar flow 1s a generally calm,
smooth, quiet flow and is not intended to be limited to the
Reynolds number definitions of laminar flow.

As used herein, the term "bulk" refers to the thickness of
samples measured with a Model 49-70 thickness tester available
from TMI (Testing Machines Incorporated) of Amityville, New
York. The thickness tester was equipped with a 2-inch
diameter circular foot and measurements were taken at an
applied pressure of about 0.2 pounds per sguare inch (psi).
Bulk measurements of samples that are substantially dry (i.e.,
having a molsture content generally less than about 10
percent, by weight, as determined by conventional methods) may

be referred to as dry bulk.
As used herein, the term "add-on"'" and "add-on rate'" refers

to an amount, by weight, of the soluble solids in a flame
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retardant composition which are applied to a permeable
material, such as a high pulp content nonwoven web, such as
for example a HYDROKNIT® web. Add-on and add—-on rate may be
expressed as a percentage of the combined weight of the
permeable material and the weight of the applied soluble
solids. The percentage of add-on and/or add-on rate may be
determined by the formula: weight of the dry soluble solids
applied / weight of the dry permeable material.

Generally, there are numerous factors which contribute to
the flammability of fabrics. These factors include the nature
of the fiber(s), construction of the fabric and added
chemistries within the finished material. For example,
differences in fabric weave can substantially effect fiber:air
ratios and thus effect flame propagation; e.g., a piled fabric
versus a tight twill of equal fiber and basls welght where the
pile bursts into flame while the twill burns poorly.

There are at least three approaches in inorganic salt
flame retarding systems to form a barrier between the
combustible components, heat source and oxygen; 1. e., 1)
release hydration bound water to maintain a low fuel
temperature, 2) decompose and form non-flammable gaseous
products and 3) melt to isolate the fuel source from oXxygen by
decomposing to form a solid foam.

Inexpensive inorganic salt flame retardants may be used to
treat disposable wood fiber containing fabrics. These salts
are unreactive with the fabric and thus nondurable.

These salts may be grouped into three familles or groups
and work in the aforementioned approaches. These chemicals
are grouped according to their pyrolytic mechanism of
inhibiting flame propagation.

Group 1 consists of highly hydrated salts and/ or mixtures
which when heated melt and form a generally solid foam. The
foam is generally stable to heat and serves as a barrier
between the fabric and flame. Such foam also inhibits
oxidation of carbon. Boron containing salts such as borax and
boric acid are examples of this Group. They are generally

most effective in preventing afterflaming in textiles.
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Group 2 consists of inorganic acids or acid salts which
liberate acids on heating. Though not as effective in
afterflaming prevention 1n textiles as Group 1, they are
effective in inhibiting afterglow. Afterglow is typically
measured visually. By furnishing a free acid at the time of
flaming, there is a redirection of the decomposition of
cellulose to a primarily endothermic dehydration of the
carbohydrate to water vapor and char. This results in
significantly less pyrolytic tarry distillate production,
lower oxidation temperatures and higher char formation.
Ammonium phosphates, ammonium sulfate and antimony oxychloride
are typical representatives of this group.

Group 3 consists of i1norganics which decompose or sublime

upon heating releasing large amounts of noncombustible gases

. which inhibit access to oxygen. In addition, such compounds

enter various free radical processes within the flame, act as
scavengers and i1nfluence the flame structure. Halides such
as bromide/chloride salts typically form a part of this group.
Some salts overlap various Groups 1in thelr mode of flame
inhibiting mechanism. Chemical formulations having active

ingredients of chemicals from all three Groups generally gilve
the best overall flame retardant characteristic with the least

add—-on rate and fabric damage to cellulosic substrates.
HYDROKNIT® web, is a high pulp content nonwoven web
manufactured by Kimberly-Clark Corporation, which is formed

from approximately 80% wood fiber cellulose and 20%
polypropylene continuocous fiber. (The terms "HYDROKNIT® web®
and high pulp content web are used interchangeably herein.)
The HYDROKNIT® web 1is highly flammable without a flame
retardant treatment. To make HYDROKNIT® web flame retardant
is a difficult task since it is similar to a "candle with a
wick". Pyrolysis of cellulose and polypropylene differs and
different flame inhibitors often are needed to address each.
When a flame is applied to HYDROKNIT® web, wood fiber

" decomposes and liberates decomposition products which are

highly combustible resulting in it bursting into flames. If
heated enough in the presence of sufficient air, the fibers
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may burn and sustain their own exothermic reaction of
combustion. Carbon char which then remains is subject to a
flameless slow oxidation combustion which 1s i1ndependent of
the flame reaction, noted by a glow, and releases additional
heat which is even more intense than the flame. The magnitude
of tar and char products are directly related to the flame
proofing efficiency.

Because HYDROKNIT® web is primarily wood fiber, the
cellulosic mechanism of combustion is the more dominant. The
polypropylene component of the combustion is minor since it 1is
less ignitable than cellulose and premelts tending to prevent
flame spreading by falling away. However, the presence of
polypropylene as a fuel source facilitates continuation of the
exothermic reaction since it needs less oxygen than cellulose.
T+ continues to burn slowly with sustained candle-like burning
at elevated temperatures because of a higher Ignition
Temperature (570° C vs. 255°—-400° C) and lower Oxygen Index
(0.186 vs. 0.201) than cellulose. The maximum flame
temperature is about that of cellulose ( 839° C vs. 860° Cj.

One approach to flame retardant treating HYDROKNIT® web is
to pretreat the polypropylene fiber melt with chemlicals such
as halogens, e.g. bromine compounds, followed by post
treatment of the consolidated two fiber components by making
the cellulose flame retardant by treatment with inorganic
salts. Halogen treatments are expensive and there is an
environmental effort to eliminate their use. Using only
bromine chemistry to flame retardant treat HYDROKNIT® web is
not effective. Refer to Table 1.

One aspect of this invention is a flame retardant

composition which when applied to a high pulp content nonwoven
web, prevents synergistic flaming from the combination of
cellulose and polypropylene fibers.

Generally, when cellulose is subjected at temperatures
above 300° C as with a flame, the glycosyl backbone units of
cellulose are depolymerized by a non-catalyzed route to tarry
distillates of mainly levoglucosan and further decomposed to

volatile alcohols, ketones, aldehydes and hydrocarbons. When
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these said glycosylic units are depleted, a stable char forms
and is composed of predominately aliphatic and a smaller
amount of aromatic components. With further heating the
initially formed aliphatics are converted to aromatics that
oxidize at approximately 520° C. Chars formed at lower
aliphatic temperatures are more flammable, more pyrophoric and
begin immediate oxidation upon formation at approximately 360
C. The aromatics are less reactive and thus chars formed at
these higher temperatures are less combustible.

The exact definition of cellulose decomposition chemical
reactions is not fully proven, however two distinct exothermic
stages occur. The first at approximately 360° C and
corresponds to oxidation of the aliphatic components and the
second distinct stage being at approximately 520° C with the
oxlidation of the arcmatic compounds. Within this pathway,
release of inhilibitors such as lLewis acids may interrupt
oxidation. When catalyzed by such acids, cellulose
decomposition proceeds primarily through a pyrolysis mechanism
with the endothermic dehydration of cellulose and
decomposlition to char with water, carbon monoxide and carbon
dioxide. Because of phosphoric acid's low volatility, it is a
desirable flame retardant that lowers the pyrolysils
temperature thus increasing the char amount formed by
acceleréting decompositidn. Therefore, the acid-catalyzed
dehydration phenomenon may be most effective when the free
acid form 1s released near 360 C, generally the temperature at
which the first stage of the exothermic oxidation reaction

occurs.
Numerous commercially available flame retardants have been

" tested on HYDROKNIT® webs. (see Table 1) These flame

retardants include a wide range of inorganic salts, brominated
compounds, and organophosphates. When such flame retardant
compounds are applied to HYDROKNIT® webs negative attributes
may arise such as high add-on rates (generally above 15%)
and/or loss of hand, drape, corrosivity, skin irritation and
shorten shelf life. For example, in the case of antimony, the
requlired add—-on rate 1s 20% (by wt.) and tactile properties of



10

15

20

25

30

35

CA 02239800 1998-06-18

WO 97/22753 PCT/US96/18640
the web are negatively effected. Phosphorous add—-on rates are
generally higher than the add-on rate of antimony. Using

conventional inorganic ammonia orthophosphate salts, e.d.
monoammonia (MAP) which contains 26.8% phosphorous or
diammonium phosphate (DAP) with 23.5% phosphorous, add-on
rates of 30% are typically employed. The hydroscopic and
fugitive nature of inorganic salts may result in loss of hand,
drape, corrosivity, skin irritation and shelf life problens.

As illustrated in Table 1, phosphorous containing flame
retardants were analyzed. Another aspect which 1s desirable
for flame retardants for use in high pulp nonwoven webs, such
as HYDROKNIT® web, 1s the temperature at which the free
phosphoric acid catalyst becomes available in the cellulose
pyrolysis reaction pathway. If available at a low temperature
(generally below 170° C) and early in the pyrolysis reaction,
it is less effective in carbon char formation. For example,
though mono and diammonium phosphates (MAP and DAP) and
ammonium polyphosphate (APP) are guite similar, ammonium
polyphosphate is more temperature stable and may not release
the reactive catalytic acid until cellulose decomposition has
proceeded along far enough to produce a rather large amount of
flammable tars which than can be catalyzed. With APP, other
advantages are gained. This includes lower ammonia emission
during the web drying step since APP has higher heat stability
and a smaller, uncomplexed ammonia:phosphate ratio than MAP or
DAP and there 1s no after glow.

Of the phosphorous containing ammonium phosphate
compounds, ammonium polyphosphates are the most effective as a
flame retardant in treating high pulp content nonwoven webs.
Ammonium polyphosphates are typically produced by heating
ammonium phosphate in the presence of urea or an ammonia
atmosphere to form large polymeric complexes rich 1n
phosphorous. As shown in Table 2, relative phosphorous content
values of ammonia phosphate types are presented. These APP
polymeric crystals become large enough in size to become
almost totally insoluble in water. The higher the molecular
weight, the higher the insolubility and the more heat stable
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APP becomes. For treating HYDROKNIT® web, APP which decomposes
closest to the first exothermic stage of 360° C are more
effective than APP which decomposes at lower temperatures,
generally below 170° C. Of course APP which begins
decomposition at temperatures greater than 360 C, would not
generally be as effective in flame inhibition.
Thermogravimetric analysis (TGA) of APP directly correlates to
HYDROKNIT® web flame retardancy as measured by char lengths.
As shown in Table 2, a variety of commercially available APP
compounds have been solubilized and used to treat HYDROKNIT®
web. The closer the decomposition temperature of APP is to
360 C, the more effective the APP flame retardant treatment of
HYDROKNIT® web becomes via conventional padding application
methods. Also shown in Table 2, as the thermal stability of
the APP increases, 1its solubility 1n water decreases. To
produce an optimal flame retardant formula (AFI composition
described below), the APP properties related to flame
inhibition, water solubility, thermal stability, and cost are
balanced.

In some instances, high pulp content nonwoven webs, such
as HYDROKNIT® web, may be formed by a wet process. In these
instances, to treat such webs with an APP-based flame

retardant at high speed line speeds (generally, line speeds in

- excess of 200 ft/min) using the padding non-compressive

applicator as the described below, a soluble solids content of
neat solution 1s desirably at least 20%. As shown in Table 2,
desirably, APP with the higher TGA values is limited to
solubiliities of 10% or less. As shown in Table 3, Monsanto
Phos-Chek® P~30 APP by itself is desirably added at about 23%
solids loading to HYDROKNIT® web to produce 4.0" char lengths.
Albright & Wilson Amgard® MC and CL APPs at similar loadings
produce slightly longexr char lengths which is reflected in a

lower temperature of decomposition.

Upon combining various commercially availilable APP flame

- retardant compositions, 1t was observed that no antagonistic

behavior resulted from such combination. Refer to Table 3.
With P-30 being only soluble to a 10% level and a 20% neat

10
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.. Solution being desired for manufacturing as well as less

volume handling, additional APP addition 1s warranted. This
is obtained by adding the less desirable MC APP to increase
soluble solid loading since 1t 1s more soluble than higher
molecular weight APP. Amgard® CL was not used because of the
high ammonia emissions during web drying.

It was further observed that the use of APP-based flame
retardants, when treating HYDROKNIT® web leads to problems
with browning and fabric stablility at elevated temperatures
such as in the web dryilng process and upon long-term storage.
Urea and its derivative guanidine salts, melamine and
hydrotalcite have all been shown to be have buffering capacity
to stabilize browning and are synergistic to flame inhibition.
See Table 3. There are trade-offs with using such buffer
chemistry since often they are fugilitive, upon burning emit
toxic gases, have carcinogenic activity and/or are not readily
water soluble.

In an effort to avoid fabric browning, stability and
storage problems, a flame retardant composition, referred to
as AFI or "Adsorbent Flame Inhibitor"”, was developed.
Generally, the AFI is an APP-based flame retardant
composition, wherein the soluble solids content ranges from
about 4 to S8 weight percent, and more desirably, from about
10 to 40 weight percent, and still more desirably, from about
20 to 35 weight percent, and most desirably, from about 28 to
32 weight percent. Desirably, the TGA for such soluble solids
ranges form about 175°¢ C to about 370° C, and desirably from
about 200° C to about 370°C, and desirably from about 250° C
to about 370° C and desirably from about 270° C to about 365°
C. The soluble solid phosphate content of such soluble solids
desirably ranges from about 6:1 to about 1:1 when compared to
the soluble solids content. Furthermore, the soluble solid APP
content of the soluble solid phosphate content desirable
ranges from about 8:1 to about 2:1.

The adsorbent property of AFI may be measurable.
Typically with MAP and DAP solutions, treating HYDROKNIT® web

with a 15% neat solution via laboratory saturant padding

11
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~. produces an add-on rate of around 20%. Under generally
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identical conditions, a 7 % APP P-30 solution produces an add-
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on rate of 15-17% indicating a highly adsorptive nature. The
HYDROKNIT® web consistency prior to treatment was 30%. With
this, a uniform fiber coating is thought to occur and thus
flaming variability decreases. Such an adsorbent property
could also be an advantage 1in treating a wilide range of
cellulosic containing materials other than HYDROKNIT® web.

One aspect of the AFI composition 1s the utilization of
the complimentary chemistries of various commercially
available APP-based flame retardants. Such complimentary
chemistries may include TGA ranges and flame inhibition
effectiveness of the soluble solids therein. By doing such,
expensive APP content 1s reduced. 1In addition, total solids
of the neat solution can be 1ncreased to greater than 20%.
Another aspect of the AFI ccmposition 1s to avolid strong mono
and divalent cations which denature APP. Such 1i1ons are Na+,
K+, Ca++ and others. With this, boric acid and ammonium
sulfate salts generally add buffering capacity and are
complementary in flame inhibition. Halogens can also be
included and are synergistic with phosphorous. In addition,
use of ammonium lauryl sulfate for wetting, softening, and
dermatological attributes along with corrosion inhibitors,
e.g. derivatives of polyphosphoric acid partial esters, can
further add beneficial attributes, if desired.

While there are numerous flame retardant phosphate
formulas available commercially, no individual commercially
available phosphate flame retardant was found acceptable for
treatment of HYDROKNIT® web. See to Table 1. In one
embodiment, an AFI composition was formulated by combining a

commercially available predominantly anhydrous ammonila salt

formula, called Spartannwx-lz NF (manufactured by Spartan
Flame Retardants, Inc., Crystal Lake, Il.) with other
commercially available flame retardant compositions. X-12 was
chosen because of its stability at elevated temperatures,
additives to enhance fabric hand attributes, and afterglow.
Spartan® X-12 contains about 1:4 ratio of elemental
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phosphorous:sulphur as measured by Energy Dilspersive X-Ray
analysis.

As shown in Table 4, by itself X-12 1s a poor flame
retardant for treatment of HYDROKNIT® web and add-ons of 30%+
are required with high variability in char lengths. With APP
(P-30, MC, and combinations thereof provide suiltable
guantities of APP) and X-12, there is a synergistic effect
requiring less addition of the more costly APP. Both P-30 and
MC react similarly with X-12. An example ratio of APP:X-12 1is
a ratio of about 50:50 APP:X-12. Table 4 illustrates wvarious
ratios of commercially available APP-based flame retardants,
such as P-30 and MC, with Spartan X-12. To optimize the AFI
for commercial use, ratios of 25:25:50 and 30:20:50 (P~
30:MC:X-12) by solids weight are desirable. At such ratios,
an approximately 30% soluble solids neat solution of a
desirable flame retardant is made. At such concentrations, the
complexed phosphorous content results in TGA values of about
250°C -370°C and the HYDROKNIT® web, at a 22% add-on rate, has
about a 4.3" char length average with a standard deviation of
about 0.4" per NFPA 701 Vertical Flame Test. (Desirably, the
NFPA 701 Vertical Flame Test results for materials treated
with the flame retardant composition of the present invention
should not exceed an average char length of 5.5 1nches.)
Elemental analysis of the soluble solids of the 30% soluble
solids neat solution indicated a phosphorous:sulphur ratio of
about 9:1 when measured by Energy Dispersive X-Ray analysis.
Generally, the higher the percentage of soluble solids in the
neat flame retardant solution, the easier it is to ship the
flame retardant solution. Once at its destination, the neat
flame retardant solution may be diluted to specification.

It has been observed that the AFI composition 1is stable at
temperatures down to 60 F. Below 60° F, salts may precipitate.
Higher solids content can be made by adding boric acid. Wwith
the AFI composition, ammonia emissions are dramatically
reduced, browning eliminated, corrosion is minor and the AFI
composition is dermatologically acceptable. The procedure for

preparing AFI 1s as follows:
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A FORMULATTION

1) Bring water to a sustained rolling boil. The water

should be under agitation with a mixer.

2) Add * APP and sustain the rolling boil. Periodically check

temperature to insure 1t is maintained at 212 ¥. If both P-30
and MC are to be added, the P-30 should be added first. To
add, the powdered APP should be added at a rate to insure the

solids quickly go into suspension rather than remain in clumps

- or cake form. Ideally a shaker feed might be utilized. Do

not add the APP prior to boiling for there is a chance of

readily damaging the lower molecular weight APP with extended

heating. Boil for a sufficient time period to have optimum
solubilization. If over boiled, the APP may denature,

molecular welght and TGA values may decrease and flame

retardant properties may lessen.

3) Determine % APP solids 1in solution. This is done to
determine how much Spartan X-12 NF to add to the AFI to

adjust to the target addition ratio. 30% AFI (three
component) 1s approximately 7.5% P-30, 7.5% MC and 15% X-12

for a 25:25:50 ratio. The ratio is the target weight of
addition for it directly effects product performance. To

determine % APP solids in solution, after boil take an

‘aliquot, centrifuge for 5 mins. at approximately 1000 g at

room temperature. Decant and measure solids loading of the
supernate by welghling the solids after bone-dried. The pH of

the supernate 1s desirable between 4 and 5.5.

4) Lower the APP solution to 140 F with continuocus agitation.
Cool to remove the chance of molecular weight degradation.

5) Add the precalculated X-12 (based on #3 results) to the
agltating solution and sustain the 140 F temperature for 30

mins to fully solubilize the X-12.

14
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6) Adijust the final solution concentration fto approximately

30% by adding hot water (120+ F). Note: If cold water is used
to dilute, precipitation can occur. If the solid concentration

is above the target specification of 30%, the solution may not

be stable at ambient temperature and precipitation may occur.

7) Afterwards, cool fairly gquickly to at least 100 F to avoid
ammonia emission and degradation. pH of the cooled supernate
may range from about 6 to about 7.

* APP= Monsanto Phos—-Chek® P-30 (fine grade) and/or Albright &
Wilson Amgard® MC

There are many ways to apply the AFI composition to a
permeable sheet, such as a high pulp content nonwoven
composite fabric. For example, the AFIL composition may be
applied to permeable sheets by a size press or dip/dunk and
press or vacuum extraction processes. Such processes may be
unsatisfactory for some applications because the compressive
forces involved may diminish sheet bulk and desirable
properties associated with bulk. 1In addition, it may be
difficult to achieve a uniform distribution of the AFL
composition throughout the permeable sheet (e.g., throughout
the interior of the permeable sheet).

Processes such as printing or spraying may also be used tO
apply the AFI composition. 'Printing processes and spraying
are generally applicable to a single surface of a sheet. sSuch
processes may be unsatisfactory because they may create
additional complexity if it is desired to apply the AF1
composition to both sides of a sheet. Also, such processes
may have difficulty achieving uniform distribution and high
add—-ons of the AFI composition throughout the permeable sheet.

The permeable sheets may be made Dby dryv-forming processes
or by wet-forming processes. In those instances where the
permeable sheets are made by wet-forming processes, the AFI
composition may be applied to such sheets by adding the

solution to the wet-forming process. Such a process may make
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relatively inefficient use of the AFI composition, especially
if the process diluent, such as for example watexr, is not
properly recycled.

Desirably, the AFI composition may be applied uniformly to
wet—-formed permeable sheets by a continuous, non-compressive
process. Referring now to FIG. 1, there is shown at 10 an
exemplary continuous process of non—-compressively and
uniformly applying the AFI composition throughout a permeable
sheet. A permeable sheet 12 1s unwound from a supply roll 14
and travels in the direction indicated by the arrow associated
therewith as the supply rell 14 rotates in the direction of
the arrows associated therewith. The permeable sheet 12 may be
formed by one or more sheet making processes and passed
directly into the process 10 without first being stored on a
supply roll 14. Exemplary sheet-making processes include
processes such as meltblowling processes, spunbonding
processes, bonded—-carded web—-making processes, wet-laying and
dry forming processes and the like.

The permeable sheet may be passed through a pre-treatment
station to modify the sheet. For example, the sheet may be
calendered with a flat roll, point bonded or pattern bonded in
order to achieve desired physical and/or textural
characteristics. Additionally, at least a portion of a

surface of the sheet may be modified by wvarious known surface

modification techniques prior to entering the continuous

process of non-compressively and uniformly applving the AFI
composition throughout said sheet 12. Exemplary surface
modification techniques include, for example, chemical
etching, chemical oxidation, 1on bombardment, plasma

treatments, flame treatments, heat treatments, and/or corona

discharge treatments.

The permeable sheet may be a nonwoven fibrous web such as,

for example, a bonded carded web, spunbonded web, web of

meltblown fiber, a multi-ply fibrous web containing the same
type of fibrous web, a multi-ply fibrous web containing

different types of fibrous webs or a high pulp content
nonwoven composite web. If the permeable sheet 1is a web of
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-~ meltblown fibers, it may include meltblown microfibers. These

nonwoven webs may be formed from thermoplastic polymers or
thermoset polymers. If the nonwoven web 1s formed from a
polyolefin, the polyolefin may be polyethylene, polypropylene,
polybutylene, ethylene copolymers, propylene copolymers and
butene copolymers. The fibers and/or filaments may be formed
from blends that contain various pigments, additives,
strengthening agents, flow modifiers and the like. Such
fabrics are described in U.S. Patent Nos. 4,041,203,
4,374,888, and 4,753,843.

Those patents are assigned
to the Kimberly-Clark Corporation, the assignee of the present

invention.
The permeable sheet may be a nonwoven web that may also be

a composite material made of a mixture of two or more
different fibers or a mixture of fibers and particulates.

Such mixtures may be formed by adding fibers and/or
particulates to the gas stream in which meltblown fibers are
carried so that an intimate entangled commingling of meltblown
fibers and other materials, e.g., wood pulp, staple fibers and
particulates such as, for example, activated carbon, silica,
and hydrocolloid (hydrogel) particulates commonly referred to
as superabsorbant materials, occurs prior to collection of the
meltblown fibers upon a collecting device to form a coherent
web of randomly dispersed meltblown fibers and other materials

such as disclosed in U.S. Patent No. 4,100,324.

In those instances when the permeable sheet is formed from
high pulp content nonwoven composite web, such high pulp
content nonwoven composite web desirably contains more than

about 70 percent, by weight, pulp fibers which are
hydraulically entangled into a continuous filament substrate.

Such a high pulp content nonwoven composite web and method of
making the same is disclosed in U.S. Patent No. 5,284,703,

If the permeable sheet is a nonwoven web, the fibrous
material in the nonwoven web may be joined by interfiber

17
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_bonding to form a coherent web structure. Interfiber bonding
may be produced by entanglement between individual meltblown
fibers, carded fibers, spunbond filaments and/or other fibrous
materials. Some fiber entangling 1s 1nherent in the meltblown
process, bonding-carding process and/or spunbond process but
may be generated or i1ncreased by processes such as, for
example, hydraulic entangling or needlepunching.

Alternatively and/or additionally a bonding agent may be used
to increase the desired bonding. If at least a portion of the
fibrous material in the permeable sheet 1s cellulosic fibrous
material, some interfiber bonding may be attributable to
"naper" bonding.

The permeable sheet (prior to processing) may have a basis
weight ranging from about 15 gsm to about 200 gsm. For
example, the permeable sheet may have a basis weilght ranging
from about 20 gsm to about 120 gsm. Desirably, the permeable
sheet may have a basis weight ranging from about 20 gsm to
about 110 gsmn.

The permeable sheet 12 passes through the nip 16 of an S-
roll arrangement 18 in a reverse-S path. From the S-roll
arrangement 18, the permeable sheet 12 passes to a means for
continuously advancing 20 the permeable sheet throughout the
flame inhibitor treatment process. Generally speaking, the
means for continuously advancing 20 the permeable sheet may
be, for example, a moving foraminous belt, a permeable fabric,
netting, webbing or the like. It is contemplated that the
permeable sheet 12 may be self-supporting and need not be
transported on a moving belt.

The permeable sheet 12 then passes under a means for
depositing a substantially laminar flowing curtain of AFI
composition 22 substantially across and onto a first surface
12A of the continuously advancing permeable sheet. According,
to the invention, the means for depositing a substantially
laminar flowing curtain 22 may be composed of at least one
liquid distribution element 24. For example, multiple liquid
distribution elements 24 may be arranged in series. The
liquid distribution element 24 may be a spillway adapted to

18
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produce a substantially laminar flow of liquid. Desirably,

the liquid distribution element 24 may be composed of a

turbulence reducing reservoir and a spillway adapted to

produce a substantially laminar flow of liquid.

Referring now to FIG. 2 of the drawings, there is shown at
100 an exemplary liquid distribution element 24 (not
necessarily to scale). The liquid distribution element 24 is
essentially a large container 102 with an inlet (not shown)
which supplies ligquid 104, such as for example the AFI
composition described herein, a reservolr 106, a spillway or
weir 108, and baffle 110. Generally speaking, the inlet
should be designed to reduce ligquid turbulence in the
reservoir 106. Conventional turbulence reducing techniques
and/or devices may be used. Exemplary techniques include, for
example, adding vanes or fins, modifyling flow rates and/or
modifying the dimensions of the reservoir and/or inlet.

Liquid 104 enters the liquid distributlion element 24 at an
inlet (not shown) and passes through the baffle 110 into the
reservoir 106. The baffle 110 is intended to reduce
turbulence in the reservoir 106. Liguid 104 then travels over
a spillway 108 which may have a smoothly curved and
continuously even surface in a substantially laminar flow such
that a generally laminar flowing curtain of liquid 112 1is
formed. Desirably, the lowest 1lip of the spillway 108 may be
a very short distance above the permeable sheet. For example,
the lowest 1lip of the spillway may be less than one inch above
the permeable sheet to minimize the distance the laminar
flowing curtain of liquid 112 must free-—-fall. The spilllway
may have other conventional designs. For example, the spillway
may be straight, fluted, patterned or the like.

Although the inventors should not be held to a particular
theory of operation, it is generally thought the laminar flow
of the AFI composition onto the permeable sheet enhances
uniform application of the AFI composition.

The means for depositing a continuous, substantially
laminar flowing curtain 112 should be adapted to handle flow
rates of at least about 0.15 gallons per minute per inch of
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curtain width. For example, the means for depositing a
continuous, substantially laminar flowing curtain 112 should
be adapted to handle flow rates of at least about 0.2 to over
about 0.75 gallons per minute per inch of curtain width. The
curtain width may be any width suitable to extend across the
width of the material to be liguid treated. Widths in excess
of nine feet are contemplated. At such widths, flow rates
into the liquid distribution element 24 may exceed 75 gallons
per minute. Generally speaking, the continuous, substantially
laminar flowing curtain of liguid 112 may have the form of a
relatively thin f£film of liquid as it flows onto and across the
permeable sheet. The thickness of the curtain 112 may be
dependent upon such factors as, for example, viscosity, flow
rate and design of the liguilid distribution means. Thickness
of the curtaln 112 may range from about one to about ten
millimeters, although other thicknesses could be used.

The flow rate and substantially laminar flow of the
curtain of ligquid 112 are generally intended to avoid
disturbing the structure of the permeable sheet. This stands
in contrast to processes such as, for example, hydraulic
entangling which specifically intends liguid flows that
disturb, entangle and/or intertwine components (e.g., fibers)
in the structure of a web or sheet.

Referring again to FIG. 1, means for applying a vacuum 26
to the second surface of the continuously advancing permeable
sheet are located near the liguid deposition element 24.
Desirably, the vacuum is applied substantially simultaneous
with the deposition of the AFI composition. Generally
speaking, the vacuum means 26 may be composed of at least one
vacuum element 28. Multiple vacuum elements 28 may be arranged
in series to adjust web consistency. The vacuum element 28

may be a conventional vacuum channel or groove such as, for

examplile, a vacuum slot. The vacuum means 26 should be adapted
to handle flow rates of the AFI composition corresponding to
the flow rates out of the liguid deposition means 22.

Upon application of the vacuum to the second surface 12B

of the permeable sheet, a substantial portion of the AFI
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composition is drawn from the first surface 12A and
substantially through the permeable sheet. This passage of
the AFI composition through the permeable sheet 1s generally
thought to generate a substantially uniform distribution of
AFI composition throughout the permeable sheet. Generally
speaking, evacuation of the AFI composition to achileve a
desirable substantially uniform distribution of such solution
may be accomplished with a sheet having a permeability of at
least about 20 cfm/ft?, as measured for a substantially dry

sheet prior to being processed. For example, the permeability
of the sheet range from about 50 to over 200 cfm/ftz, as

measured for a substantially dry sheet prior to being
processed. If a sheet has inadequate permeability, the AFI
composition may puddle or pool on the first surface and may be
non-uniformly concentrated, absorbed or diffused through the
sheet.

The permeable sheet 12 may then be passed to a drying
operation (not shown). Exemplary drying operations lnclude
processes which incorporate infra-red radiation, yankee
dryers, steam cans, microwaves, hot—-air and/or through-air
drying techniques, and ultrasonic energy.

Desirably, the flame inhibitor should be able to flow
freely. For example, the AFI composition may have a
viscosity of from about 0.4 to about 20 centipoise. While low
viscosity liquids are prone to turbulent flow, AFI composition
viscosities in the region of about 1.0 centlpoise are
generally considered desirable. However, 1t is contemplated
that more viscous flame inhibitors could be used. Although
the inventors should not be held to a particular theory of
operation, it is thought that the ability of the AFT
composition to flow freely (and in relatively large volumes)
through the sheet with the assistance of an applied vacuum
enhances the substantially uniform distribution of the AFT
conposition throughout the sheet.

Generally speaking, the aone application process can be
thought of as a thin film displacement wash process. The

"free' water (replacable void volume water) contained in the
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permeable sheet 12, such as for example a HYDROKNIT® web,
which is formed by a wet process, such as a Fourdrinler paper
machine, is replaced with a sclution flowing over the spillway
108 (FIG. 2) where the spillway solution concentration is
adjusted to allow for the correct solids add-on percentage
once the water in the solution 1s evaporated.

Specifically, approximately 70-80 percent of the water in
the permeable sheet 12 approaching the spillway 108 is "free"
water. That is, it is water that can be easily replaced by
new fluid. The new filuid is the AFI composition 1s contained
in the fluid distribution element 24. The solids
concentration of the spiliway solution is adjusted to match
the desired add—-on rate of chemical. For example; the sheet
12 coming to the spillway 108 contains 100 pounds of dry fiber

“and 233 pounds of water or a typical 30% consistency sheet.

("consistency" is calculated by dividing the dry weight of the
sheet by the total weight of the sheet (dry weight + weight of
the water)) oOut of the 233 pounds of water, approximately 175
pounds or 75% 1s "free'" water. If the desired add-on rate 1is
10% dry solids then the 175 pounds of "free" water can be
replaced with 175 pounds of solution water and 10 pounds of
dry chemical (10% of 100 pounds dry fiber) to keep the drying
load equal to what it was previously. Given these numbers, the

solution concentration would need to be 10 pounds of dry

.chemical in "175 pounds of water plus 10 pounds of chemical"

for a desired solution concentration of 5.4%.

The above discussion assumes that the drying load and so
the speed of the machine is to be kept at the baseline
conditions if at all possible. If this assumption is not valid
then the solution solids percentage can be varied up or down
as long as it is balanced by the solution add-on rate. The
result of which will be the dry solids add-on rate.

A further aspect of process balance described above is the

required balancing of the neat solution water content. Taking

“the above description where solution concentration was

determined to be 5.4%, lets assume that the neat chemical that

needs to be incorporated into the sheet 1s formulated at a
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maximum of 30% solids (the above paragraph assumes the neat
chemical is 100% active or that it is a powder.) To arrive at
the 10 pounds of dry chemical add-on rate the neat chemical
add~on rate is desirably 10/30% or 33 pounds of neat chemical
solution. This now incorporates an additional 23 pounds of
water that either is left in the sheet causing a net machine
speed loss corresponding the increased drying load. Or
alternately, the incoming consistency can be ralsed by the
removal of 23 pounds of water (100 dry pounds / {233 pounds of
water minus 23 pounds}) giving an incomlng consistency of

32.2% by the incorporation of higher dewatering vacuum levels,

" pressing, or the addition of a dewatering steam or hot water

shower. This is a desired method of operation since it does
not sacrifice machine productivity.

Desirably, a substantial portion of the AFI composition
may be drawn through the sheet 12 in less than about 1 second
to generate a substantially uniform distribution of the AFI
composition throughout the permeable sheet. For example, a
substantial portion of the AFI composition may be drawn
through the permeable sheet in less than about 0.1 second. As
a further example, a substantial portion of the AFI
composition may be drawn through the permeable sheet in less
t+han about 0.01 second. As yet another example, a substantial
portion of the AFI composition may be drawn through the
permeable sheet in less than about 0.001 second. The
expression "a substantial portion of the AFI composition may
be drawn through the sheet" generally refers to evacuating or
drawing off the AFI composition at the second surface of the
permeable sheet at a rate which 1is at least about 75 percent
of the rate at which the liquid is deposited on the first
surface of the sheet. For example, the AFI composition may be
evacuated or drawn off at the second surface of the permeable
sheet at a rate which is at least about 40 percent of the
rate at which the AFI composition is deposited on the first
surface of the sheet. As a further example, AFI composition
may be evacuated or drawn off at the second surface of the

permeable sheet at a rate which is at least about 10 percent
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of the rate at which the AFI composition is deposited on the
first surface of the sheet. If AFI composition is deposited
on the first surface of the sheet at a rate of about 0.3
gallons per minute per inch of curtain width for a 100 inch
curtain (i.e, about 30 gallons per minute), the AFI
composition may be evacuated from the second surface at a rate
at least about 15 gallons per minute. Other liquid already
present in the permeable sheet (e.g., liquid in a partially
hydrated sheet) may constitute some of the total volume of
liguid evacuated or drawn off at the second surface of the
permeable sheet.

The deposition of the AFI composition may be accomplished
with a short dwell time or residence time (e.g., less than 1
second) of a substantial portion of the AFI composition on the
permeable sheet. Short dwell times or residence time of the
AFI composition on the permeable sheet may provide advantages,
such as avoiding harm or degradation of the permeable sheet,
over conventional saturation processes having relatively long
dwell times.

Although the inventors should not be held to a particular
theory of operation, several factors are believed to
contribute to the uniform distribution of the AFI composition
throughout the permeable sheet. Among these are: uniform

deposition of the AFI composition onto the permeable sheet,

- permeabillity and consistency of the permeable sheet,

unliformity of the permeable sheet, viscosity of the AFI
composition, application of vacuum to draw a portion of the
AFI composition through the sheet, and volume of the AFI
composition drawn through the permeable sheet.

Substantially uniform application of the AFI composition
throughout a permeable sheet can be measured in several ways.
One convenient measurement relates to the application of a
colorant such as, for example, a dye solution. Substantially
uniform application of a dye in the AFI composition throughout

a permeable sheet that 1is receptive to the dve generally
achlieves a relatively simlilar color intensity throughout the
sheet and avoids streaks, bands, lines or other defects.
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~Color intensity at specific locations throughout the sheet may
be determined by conventional color intensity measurement

techniques. Exemplary color ilntensity measurement equipment
. T™
include Hunter Colormeter and Bausch & Lomb Spectronic 20

Colorimeter.
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Table 1

Treatment of HYDROKNIT® Web with various types of flame retardants

Flame Retardant % Add on Char Length [ssues
(1inches)
Borax / Boric Acid 22 >6.5 Inadequate flame
7 3 NEPA 701 failure retardancy
FR-48 {Spartan Flame 25 >6.5 inadequate flame
Retardants, inc) NFPA 701 failure retardancy
Borax / Boric Acid / DAP Ammonia odor
emissions
™
Polybor (U.S. Borax Inc.) 25 5.4 Poor hand / boardy
(Borax / Boric Acid)
™
Hipofire-GCF (High Point 24 6.3 Ammonia odor
Chemical Corp) enmissions
(antimony trioxide) Material degradation
/ discoloration
Sourcing
938 FR (Spartan Flame 21 6.0 Ammonja odor
Retardants, Inc) emissions

Material degradation
/ discoloration

™ .
Ultragard 929 (MFG 25 5.0 Ammonia odor

Chemical, Inc) (MAP) | emissions

880 FR (Spartan Flame 28 5.0 Matgrial degradation
Retardants, inc) / discoloration
(MAP)

FR-0241 (Evode-Tanner 25 >6.5

Industries, Inc) NFPA 701 failure

(organophosphate)

FR-756 (Great Lakes 18 >6.5 Acrid odor emissions
Corporation) NFPA 701 failure

(bromine compound)
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Table 2: Various Attributes of APP-based Flame Retardants- Treated
HYDROKNIT® Web

Chemical P Content Max.Water TGA', C % Solids  Char Length¥*
dry solid Solubility Start Rapid Add-on Ave.

DAP 23.5% 58% 87 21 4.8"

MAP 26 .8% 40% 147 25 5.0"

Albright

& Wilson

Amgard® CL** - 45% 176 210 22 4.4"

Albright

& Wilson

Amgard® MC 30.5% 20% 250 300 22 4.5"

Monsanto

Phos-Chek®

P-30 32% 10% 281 369 23 4.0"

AF I >15% 28-30% 250 3707 22 4.3"

* NFPA 701 Vertical Flame Test.

** Strong ammonia emission
**% TGA values are estimates based on the Chemical (for example P-30, MC,

etc? combination and not based on lab analysis.
TGA' - TGA values derived from literature and not based on 1ab analysis.
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Table 3: Treatment of HYDROKNIT® Web with APP-Based Flame Retardants- NFPA
701 Vertical Flame Tested

Char Lengths

Chemical % Solids Add-on Ave. S.Dev. Comments*
Phos-Chek® P-30 14 6.0" 0.5 Browning

23 4.0" 0.4 Browning
Amgard® MC 22 4.5" 0.5 Browning
P-30:MC 21 4.0" 0.7 Browning
(50:50)%*
P-30:Urea 15 4.3" C.7 No Browning
(b:1)**
P-30:Meltamine 21 3.9" 0.6 No Browning
(5:1)**
P-30:Hydrotalcite** 19 4.4" 0.8 No Browning
(5:1)**

* A11 samples were artificially heat-aged (at about 94° C) in an oven for
3-5 hours.

** By weight.
*** HySafe® 310, J.M. Huber Corporation.
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Table 4: Flame Retardant Treated HYDROKNIT® Web using Spartan™ X-12 NF and
Combined with Various Amounts of Monsanto Phos-Chek® and Albright & Wilson

Amgard® MC

Chemical

Spartan™ X-12
P-30:X-12
(79:21)**
P-30:X-12
(55:45)**

P-30:X-12
(50:50)**

MC:X-12
(60:40)**

MC:X-12
(50:50)**%

P-30:MC:X-12
(25:25:50)**

P-30:MC:X-12
(30:20:50)**

30
22

25

22

20

19

22

23

CA

% Soltids Ad-on

02239800 1998-06-18

Char Length*
S. Dev,

4

* NFPA 701 Vertical Flame Tested.

** By weight.

~ Ave,

.3"
.2"

4"

.4"

.2"

.3“

.311

.4
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While the present invention has been described in connection
with certain embodiments, it is to be understood that the
subject matter encompassed by way of the present invention 1is
not to be limited to those specific embodiments. On the
contrary, it is intended for the subject matter of the
invention to include all alternatives, modifications and
equivalents as can be included within the spirit and scope of

the following claims.
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CLAIMS:

1. A flame retardant nonwoven web, comprising:

fibrous cellulosic material;:; and

flame retardant water soluble solids further
comprising at least one 1norganic salt having an element

selected from the group congisting of bromine, boron,

nitrogen, sulfur, phosphorous, chlorine, and antimony

wherein the percent sclid add-on ranges from between about
15 to about 35, and the average char length, determined by

NFPA 701 Vertical Flame Test, does not exceed 5.5 inches.

2. The flame retardant nonwoven web of claim 1, wherein

the percent add-on ranges from between about 15 to about 25.

3. The flame retardant nonwoven web of claim 1 or 2,

therein the water soluble sclids are formed from a

combination of phosphorus and sulfur.

4, The flame retardant nonwoven web of claim 3, wherein

the flame retardant water scluble solids comprise at least

one compound selected from the group consisting of

monoammonla phosphate, diammonium phosphate, ammonium

polyphosphates, anhydrocus ammonia sulfur salt, melamine, and

hydrotalcite.

5. The flame retardant nonwoven web of claim 4, wherein
the ammonium polyphosphates and the anhydrous ammonia sulfur

salt are 1n about a 1:1 ratio.
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