Office de la Propriete Canadian CA 2841530 A1 2013/01/17

Intellectuelle Intellectual Property
du Canada Office (21) 2 841 530
g,lnngL%?rri‘fg:na " mfgtfy”%ya‘r’]‘; " 12 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
13) A1
(86) Date de depot PCT/PCT Filing Date: 2012/07/12 (51) CLInt./Int.Cl. CO3C 713/00(2006.01)

(87) Date publication PCT/PCT Publication Date: 2013/01/17 | (71) Demandeur/Applicant:
(85) Entrée phase nationale/National Entry: 2014/01/10 OWENS CORING INTELLECTUAL CAPITAL, LLC, US

o ST . (72) Inventeurs/Inventors:
(86) N° demande PCT/PCT Application No.: US 2012/046415 CHOUDHARY. MANOJ KUMAR. US:

(87) N° publication PCT/PCT Publication No.: 2013/009959 POTTER. RUSSELL. US
(30) Priorité/Priority: 2011/07/12 (US61/506,862) (74) Agent: SMART & BIGGAR

54) Titre : SYSTEMES ET PROCEDES DE FABRICATION DE FIBRES DOTEES DE PERFORMANCES THERMIQUES
AMELIOREES

54) Title: SYSTEMS AND METHODS FOR MANUFACTURING FIBERS WITH ENHANCED THERMAL
PERFORMANCE

(57) Abréegée/Abstract:

In @ method of producing fibers having property enhancing inclusions, a molten material is supplied to a fiber forming apparatus. A
controlled amount of particulate Is added to the molten material. The molten material with the added particulate Is formed into
fibers. An undissolved portion of the added particulate forms inclusions In the fibers, the inclusions having an absorption index in a
2-7 um wavelength region that Is greater than a corresponding absorption index of the material.

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

» . _
‘ l an a dH http:/opic.ge.ca + Ottawa/Gatineau K1A 0C9 - hmp./cipo.ge.ca o p1C
OPIC - CIPO 191




w0 2013/0099:59 A1 [HJ 1! AR AR 000 AR ROR RO R

CA 02841530 2014-01-10

(19) World Intellectual Property
Organization

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

[nternational Bureau e . o
?:_f/)) (10) International Publication Number
(43) International Publication Date ..na/ WO 2013/009959 A1l
17 January 2013 (17.01.2013) WIPO | PCT
(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
CO03C 13/00 (2006.01) kind of national protection available). AE, AG, AL, AM,
, . AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
(21) International Application Number: CA. CH, CL. CN. CO, CR. CU, CZ. DE. DK, DM. DO.
PULURZDIZA404 1 DZ, EC, EE, EG, ES, FL, GB, GD, GE, GH, GM, GT, HN,
(22) International Filing Date: HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
12 July 2012 (12.07.2012) KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
. MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
(25) Filing Language: English OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
(26) Publication Language: English SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data: . S
61/506.862 12 July 2011 (12.07.2011) US (84) Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
(71) Applicant (for all designated States except US): OWENS GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
CORNING INTELLECTUAL CAPITAL, LLC UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
[US/US]; One Owens Corning Parkway, Toledo, OH TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
43659 (US). EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM
(72) Inventors; and > ’ > > 2 > T T T >
(19 Inventory Applicants (i US only: CHOUDHARY, K- OAPL(BE. BI CF, CG, CI CM, GA, GN.GQ, GV
Manoj, Kumar [US/US]; 7961 Campton Court, Reynolds- ’ T T '
burg, OH 43025 (US). POTTER, Russell [US/US]; 5573 Declarations under Rule 4.17:
Lancaster Road, Hebron, OH 43025 (US). — ofinventorship (Rule 4.17(v))
(74) Agent: SMITH, Kenneth, J.; Calfee, Halter & Griswold

LLP, The Calfee Building, 1405 East Sixth Street, Cleve-
land, OH 44114 (US).

Published:

with international search report (Art. 21(3))

(54) Title: SYSTEMS AND METHODS FOR MANUFACTURING FIBERS WITH ENHANCED THERMAL PERFORMANCE

(57) Abstract: In a method of producing fibers having property enhancing
inclusions, a molten material 1s supplied to a fiber forming apparatus. A con-
trolled amount of particulate 1s added to the molten material. The molten ma-

———————

terial with the added particulate 1s formed into fibers. An undissolved portion
of the added particulate forms inclusions in the fibers, the inclusions having
/ an absorption index m a 2-7 win wavelength region that 1s greater than a cor -
responding absorption index of the material.




CA 02841530 2014-01-10
WO 2013/009959 PCT/US2012/046415

SYSTEMS AND METHODS FOR MANUFACTURING FIBERS WITH ENHANCED
THERMAL PERFORMANCE

CROSS-REFERENCE TO RELATED APPLICATION

[0001] The present application claims priority from United States Provisional Application
Serial Number 61/506,862  entitled “SYSTEMS AND METHODS FOR

MANUFACTURING FIBERS WITH ENHANCED THERMAL RESISTANCE,” filed on
July 12, 2011, the entire disclosure of which is fully incorporated herein by reference.

BACKGROUND

[0002] One measure of the effectiveness of fiberglass insulation 1s 1ts attenuation of thermal
radiation to which the insulation is exposed. The thermal performance of fiberglass
insulation (for example, a fiberglass batt) is commonly enhanced by increasing the thickness
of the insulation and/or by increasing the density of the insulation, both of which may result
in added costs of insulation materials. Further, the amount of insulation material that may be
used may be further limited by the size of the cavity in which the insulation material is

installed.
SUMMARY

[0003] According to an exemplary method of producing fibers having property enhancing
inclusions, a molten material is supplied to a fiber forming apparatus. A controlled amount
of particulate is added to the molten material. The molten material with the added particulate
is formed into fibers. An undissolved portion of the added particulate forms inclusions in the
fibers, the inclusions having an absorption index in a 2-7 pm wavelength region that is

greater than a corresponding absorption index of the material.

[0004] According to another exemplary embodiment, a glass fiber suitable for insulation
includes a glass material and a plurality of inclusions within the glass material. The plurality
of inclusions have an absorption index in a 2-7 um wavelength region that 1s greater than a

corresponding absorption index of the material.
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[0005] According to another exemplary embodiment, a fiberglass insulation product includes
a plurality of glass fibers comprising a glass material and a plurality of inclusions within the
glass material. The plurality of inclusions have an absorption index 1n a 2-7 um wavelength

region that is greater than a corresponding absorption index of the material. -

[0006] According to still another exemplary embodiment, a fiberizer assembly includes a
spinner, a forehearth, a burner, and a blower. The spinner includes an orificed peripheral
wall through which molten mineral material passes to form mineral fibers. The forehearth
supplies molten material to the spinner through a delivery tube. The burner is positioned to
direct hot gases toward the peripheral wall of the spinner. The blower 1s positioned to
attenuate fiber materials exiting orifices in the peripheral wall. A particulate source i1s
connected with a particulate supply port and configured to supply a controlled amount of
particulate to the molten material before the molten material passes through the peripheral

wall orifices.

[0007] According to another exemplary embodiment, a fiber forming apparatus includes a
molten mineral collection portion, a fiber formation portion, a fiber dispensing port, a
particulate source, and a particulate supply port. The molten mineral collection portion is
configured to receive a molten mineral material. The fiber formation portion is connected
with the molten mineral collection portion and is configured to produce solid fibers from the
molten mineral material. The fiber dispensing port is in communication with the fiber
formation portion. The particulate source is configured to supply a controlled amount of
particulate through the particulate supply port to the molten mineral material before the

molten mineral material is formed into the solid fibers.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Features and advantages of the invention will become apparent from the following

detailed description made with reference to the accompanying drawings, wherein:

[0009] Figure 1 is an enlarged partial view of an insulation product formed with mineral

fibers having property enhancing inclusions;

[0010] Figure 2 is a schematic view of a fiberizer assembly;,
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[0011] Figure 3 is a partial cross-sectional schematic view of an exemplary rotary fiberizer

assembly;

[0012] Figure 4 is a partial cross-sectional schematic view of another rotary fiberizer

assembly, configured for introduction of a particulate additive to the glass delivery tube;

[0013] Figure 5 is a partial cross-sectional schematic view of another rotary fiberizer
assembly, configured for introduction of a particulate additive to the spinner through a

separate particulate delivery tube;

[0014] Figure 6 is a partial cross-sectional schematic view of another rotary fiberizer

assembly, configured for introduction of a particulate additive to the forehearth;

[0015] Figure 7 illustrates the results of infrared absorption testing of the epoxy sample

prepared without inclusions, showing absorbance as a function of wavelength;

[0016] Figure 8 illustrates the results of infrared absorption testing of the epoxy sample
prepared with 5% volume loaded magnetite nanoparticle inclusions, showing absorbance as a

function of wavelength;

[0017] Figure 9 illustrates the infrared absorption test results of Figure 8 with the absorbance
of the epoxy substrate subtracted out within the critical wavelength range of approximately 4-

6 um to approximate the absorbance of the 5% volume particles;

[0018] Figure 10 illustrates the results of infrared absorption testing of an epoxy sample
prepared with 1% volume loaded magnetite nanoparticle inclusions, showing absorbance as a

function of wavelength; and

[0019] Figure 11 illustrates the infrared absorption test results of Figure 10 with the
absorbance of the epoxy substrate subtracted out within the critical wavelength range of

approximately 4-6 um to approximate the absorbance of 1% volume particles.

DETAILED DESCRIPTION

[0020] This Detailed Description merely describes embodiments of the invention and 1is not

intended to limit the scope of the claims in any way. Indeed, the invention as claimed 1s
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broader than and unlimited by the preferred embodiments, and the terms used in the claims

have their full ordinary meaning,

[0021] Also, while the detailed exemplary embodiments described in the specification and
illustrated in the drawings relate to a fiberizer assembly for producing glass fibers having
thermal resistance or thermal absorption enhancing inclusions for use in a fiberglass
insulation product, it should be understood that many of the inventive features described
herein may be applied to other types of mineral fibers, non-mineral fibers (e.g., polyester
fibers), fibers having other types of property enhancing inclusions, and other products or

materials using mineral fibers modified as described in the present application.

[0022] The present application contemplates exemplary systems and methods for producing
fibers (for example, glass fibers), and the mineral fibers produced, for use in fiber-containing
products (e.g., fiberglass batt insulation products) having i1mproved performance
characteristics resulting from adaptation or modification of the mineral fibers. In one
embodiment, a fiberglass insulation product is provided with increased thermal resistance
without significantly increasing the amount of fiberglass material in the product. According
to an inventive aspect of the present application, the thermal absorption of an insulation
product may be enhanced by providing fibers having particles selected to scatter and/or
absorb thermal radiation passing through the glass fibers. While the particles may be added
to or adhered to the fibers at any time between production of the glass fibers and formation of
the insulation product, in another embodiment, particles are introduced into the molten

material before or during fiberization, such that the particles form inclusions in the formed
fibers.

[0023] Many different types of particulate materials may be used to provide enhanced
thermal resistance for a fiberglass insulation product. According to one aspect of the present
application, one or more opacifier materials (i.e., materials having refractive indices differing
from that of the glass material and/or absorptive indices greater than that of the glass
material) may be used to reflect, refract, and/or absorb thermal radiation. In an exemplary
embodiment, fibers formed from a glass material having a refractive index n of
approximately 1.5 at a wavelength range of 2-7 pm are provided with inclusions formed from
particulate having a corresponding refractive index (1.e., at a wavelength range of 2-7 um) of
greater than 1.5, such as, for example, a refractive index greater than 2, or greater than 5. For

example, magnetite has a corresponding refractive index of approximately 2, titanium dioxide
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has a corresponding refractive index of approximately 2 to approximately 2.5, titanium has a

corresponding refractive index of approximately 2 to approximately 5, boron nitride has a

corresponding refractive index of approximately 2, and iron has a corresponding refractive

index of approximately 3.6. As another example, fibers formed from a glass material having =
an absorption index k of approximately O at a wavelength range of 2-7 um are provided with
inclusions formed from particulate having an absorption index of greater than 0, such as, for

example, an absorption index greater than 0.3, greater than 1, greater than 4, or greater than 8.

For example, magnetite has an absorption index of approximately 0.3 to approximately 0.5 at

a wavelength range of 5-7 um, titanium has an absorption index of approximately 4 to

approximately 10 at a wavelength range of 2-7 pm, and iron has an absorption index of

approximately 7.9 to approximately 11.4 at a wavelength range of 2-5 pm.

[0024] According to an exemplary aspect of the present application, an increase in the total
absorption index of the glass fibers from approximately 0 may provide significant reductions
in thermal conductivity in the fibers. For example, the presence of boron in glass reduces the
thermal conductivity due to its absorption in a small wavelength range near 7 um. Prior
testing of boron-containing glass fibers having an absorption index of approximately 0.08 at
this peak produced a 16% reduction in thermal conductivity as compared to boron-free glass
fibers having an absorption index of approximately O in that wavelength range. Higher boron
contents reduced the thermal conductivity even further, but to a lesser degree as more boron
is added. Boron addition to raise the peak above an absorption index of about 0.3 yielded
little further improvement in thermal performance. Accordingly, in exemplary embodiments
of the present application, glass fibers are formed using volume loading of particulate in the
molten glass material that is sufficient to produce an absorption index of at least 0.01, or at

least 0.02, or at least 0.08, or at least 0.10, or between 0.08 and 0.30.

[0025] According to another exemplary aspect of the present application, a an exemplary
glass fiber forming system may utilize an inclusion-forming particulate having a complex
refractive index (n + ik) greater than a complex refractive index of the glass material in the 2

to 7 um wavelength region.

[0026] According to another aspect of the present application, one or more types of
particulate may be provided such that at least a portion of the added particulate does not
dissolve or melt into the glass melt material. In one embodiment, a particulate may be

selected to include a material having a higher melting point than the maximum glass melt
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temperature in the fiberizing process, and/or that will not dissolve rapidly into the molten
glass. In another embodiment, particulate inclusions may be formed by phase separation of
the glass into a minor droplet phase within a matrix of a major phase. Use of such materials
may ensure that small, discrete inclusions are present within the glass fibers. Exemplary
materials for inclusion-forming particulate material include iron, iron oxide (e.g., magnetite),
titanium, titanium oxide, silicon, boron nitride, tungsten, and zinc oxide. While the
inclusion-forming particles may be provided in a range of sizes, in one example, particles

having a diameter of less than approximately 1 um are provided.

[0027] As shown in Figure 1, an insulation product A may include a plurality of fibers F
formed with inclusions i. To maintain structural integrity of the fibers F, the diameter d of
the inclusions i may be limited to a predetermined fraction of the diameter D of the fibers F
(for example, about one half or less of the diameter D of the fiber F). Alternatively, rather
than feeding unaltered particles into the glass melt, larger or more concentrated particulate
(e.g., a glass frit containing a high content of iron oxide particulate) may be imntroduced into
the glass melt in a process utilizing a subsequent crushing operation to reduce the larger or
more concentrated particulate to particles of a desired smaller size and distribution. Such a
procedure may improve rapid incorporation of the particulate into the glass, reducing the
amount of particulate escaping into the surrounding environment. As another example, larger
particles may be provided to allow for some dissolution of the material prior to fiber

formation, forming smaller inclusions in the fibers.

[0028] In an exemplary method of producing fibers having property enhancing inclusions, a
molten material is supplied to a fiber forming apparatus. A controlled amount of particulate
is added to the molten material. The molten material with the added particulate is formed
into inclusion-containing fibers, such that the particulate does not dissolve in the molten

mineral material.

[0029] According to an aspect of the present application, a property enhancing particulate
may be supplied to a fiberizer or fiber forming apparatus before and/or during fiber formation
to cause the formation of property enhancing inclusions in the formed fibers. Figure 2
schematically illustrates an exemplary fiber forming apparatus 1 including a molten mineral
collection portion 4 and a fiber formation portion 8. The mineral material m is supplied to
the molten mineral collection portion 4 through an inlet port 2, and 1s the supplied to the fiber

formation portion 8 (for example, through a connecting port 5). The fiber formation portion
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8 produces solid fibers f from the molten material m, which exit the apparatus 1 through a

fiber dispensing port 9.

[0030] The performance enhancing particulate p may be added to the molten material m
before and/or during fiber formation in a variety of arrangements. As one example, the
particulate p may be added to the molten mineral collection portion 4 with the mineral
material m through the inlet port 2. In another example, the particulate p may be added to the
molten mineral collection portion 4 through a separate particulate supply port 3 for mixing
with the mineral material m within the molten mineral collection portion 4 of the apparatus 1.
In still another embodimeﬁt, the particulate p may be added to the connecting port 5 between
the molten mineral collection portion 4 and the fiber formation portion 8 (for example,
through a supply port 6) for entry into the fiber formation portion 8 with the molten mineral
material m. In yet another embodiment, the particulate p may be added to the fiber formation
portion 8 through a separate particulate supply port 7 for mixing with the molten mineral
material m within the fiber formation portion. In still other embodiments, one or more types
of particulate may be added to the molten material at multiple locations of the apparatus, for

example, in two or more of the ports 2, 3, 6, 7 shown 1n the exemplary apparatus 1.

[0031] Many different types of fiberizers or fiber formation apparatus may be utilized to
form fibers from molten mineral material. As shown in Figure 3, one system or fiberizer
assembly 10 for forming fibers of mineral material, such as glass, utilizes a rotary process in
which molten glass is supplied from a forehearth 20 through a vertical glass delivery tube 25
into a rotating centrifuge or spinner 30, rotating on spindle 36. The molten glass flows across
the spinner bottom wall 32 to the spinner peripheral wall 33 and passes in a molten state
through the orifices 35 of the spinner peripheral wall to create glass fibers. A burner 40
directs hot gases toward the peripheral wall 33 to maintain primary fibers in a soft, attenuable
condition, for attenuation into thin, secondary fibers by an annular blower 50 surrounding the

spinner 30.

[0032] The present application contemplates introduction of inclusion forming particles at
one or more locations within a glass fiber forming system. The particulate may be supphed
through a supply port (e.g., a tube, valve, fitting, or other fluid system component), at one or
more locations in the fiberizer assembly, such that a controlled amount of the particulate 1s
added to, and dispersed within, molten glass before or during fiberization, to promote the

formation of thermal resistance enhancing inclusions within the glass fibers. To control the
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supply of particulate into the glass stream, a vibratory feeder, screw feeder, or other such
metering device may be utilized (for example, as shown schematically in Figure 5 at

reference 27b).

[0033] As one example, shown in Figure 4, particulate may be supplied to the glass delivery
tube 25a, for example, through a supply port 26a, such that the molten glass carries the
particulate into the spinner to mix the particulate within the molten glass for even distribution
of the particulate. To minimize the amount of particulate that escapes from the fiberizer
assembly and is released into the surrounding area, the glass delivery tube 25a may be

extended further into the spinner 30a.

[0034] As another example, shown in Figure 5, the fiberizer assembly 10b may include a
separate or independent vertical particulate delivery tube 28b for supplying the particulate
directly into the spinner 30b for mixing with the molten glass at the bottom of the spinner.
To minimize the amount of particulate escaping from the fiberizer and released into the
surrounding area, the particulate delivery tube 28b may be positioned to extend well into the

spinner 30b, terminating just above the molten glass accumulated at the bottom of the spinner

30b.

[0035] In yet another example, shown in Figure 6, particulate may be supplied to the molten
glass within the forehearth 20c, for example, by extending a supply tube 29c¢ into the
forehearth proximate to the bushing well, just above the bushing (not shown), to ensure
collection of the particulate into the bushing and to minimize exposure time of the particulate

to the high molten glass temperatures present in the forehearth.

[0036] Where the material to be fiberized has a high melt temperature, such as glass, it may
be desirable to introduce the opacifying particles at a location in which the molten material
has had an opportunity to cool, while remaining in molten form, to prevent the particles from
melting or dissolving into the molten material. Particles with higher melting temperatures

and/or greater resistance to dissolving may additionally or alternatively be used.
EXAMPLE:

[0037] To determine the effect on thermal resistance of opacifier inclusions dispersed in a
solidified molten material, infrared (IR) absorption testing was performed on samples of an

epoxy material within which 20-30 nm magnetite (Fe3O4) nanoparticles had been dispersed
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while the epoxy was in molten form. The use of an epoxy rather than glass was a convenient
screening tool (e.g., to test the viability of the particulate in enhancing absorption) which
allowed for convenient and safe preparation of the samples at much lower temperatures.
Three types of samples were prepared: (1) epoxy material without nanoparticles; (2) epoxy
material with 5% by volume magnetite nanoparticles, and epoxy material with 1% by volume

magnetite nanoparticles.

[0038] To prepare epoxy samples with and without the inclusions, the three types of molten
epoxy sample materials were each applied to a low density polyethylene (LDPE) sheet (e.g.,
SARAN WRAP®), and a second LDPE sheet was applied to sandwich the epoxy sample.
The sandwiched epoxy samples were rolled to a substantially uniform thickness of
approximately 42 um. After the samples were given sufficient time to cure, the LDPE sheets

were peeled away from the epoxy samples.

[0039] IR absorption testing was performed on the samples, and the absorbance, A, was
measured in the wavelength region 2-7 um for the inclusion-free samples (Figure 7), the 5%
volume loaded samples (Figure 8), and the 1% volume loaded samples (Figure 10). This
wavelength region was chosen as a region important in radiative heat transfer through silicate
glass fiber insulation. At shorter wavelengths, the room temperature blackbody radiation 1s
of small intensity with very little heat transferred radiatively. At longer wavelengths, silicate
glasses already absorb strongly. Spikes in absorbance near 2, 3.5, and 6.3 pm are attributable
to hydroxides and hydrocarbons in the epoxy. Corresponding spikes are also present in the
difference spectra (Figures 9 and 11) due to the inability of the spectral subtraction procedure
to quantitatively remove the epoxy spectral features across the entire spectrum. The spectral
region of interest is thus the narrower wavelength range of approximately 4-6 pm. The
absorbance of the samples without particles was then subtracted from the absorption
coefficients of the samples with 5% volume loaded particles and 1% volume loaded particles

to determine the effect on absorbance of the particles.

[0040] The effect on absorbance of the particles in the 5% volume loaded samples (shown in
Figure 8) was significant, providing an increase in absorbance of 0.3 to 0.4 over the 0.2 to 0.3
values of the epoxy samples without particles (as shown in Figure 9). Similar absorbance
enhancement should be expected for the same inclusions in other carrier materials, including
fiberglass. In the 1% volume loaded samples, only minimal increases in absorbance over the

inclusion free samples were noted (shown in Figure 11).
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[0041] When viewing the samples with particles using optical microscopy, larger
agglomerated particles (mostly 5-15 pm in diameter) were observed in the samples. This
agglomeration may be attributable to the magnetic nature of the nanoparticles and/or
incomplete surface wetting by the epoxy. The agglomeration, which results in portions of the
material that are void of inclusions, is believed to reduce the improvements in absorption
provided by the particle inclusions. Mechanical methods (e.g., stirring) and chemical
methods (dispersive coatings on the particles) may be used to reduce agglomeration and

further increase enhancements to material absorption.

[0042] While the present invention has been illustrated by the description of embodiments
thereof, and while the embodiments have been described in considerable detail, it 1s not the
intention of the applicants to restrict or in any way limit the scope of the invention to such
details. Additional advantages and modifications will readily appear to those skilled in the
art. Therefore, the inventive concept, in its broader aspects, is not limited to the specific
details, the representative apparatus, and 1llustrative examples shown and described.
Accordingly, departures may be made from such details without departing from the spirit or

scope of the applicant’s general inventive concept.

[0043] While various inventive aspects, concepts and features of the inventions may be
described and illustrated herein as embodied in combination in the exemplary embodiments,
these various aspects, concepts and features may be used in many alternative embodiments,
either individually or in various combinations and sub-combinations thereof. Unless
expressly excluded herein all such combinations and sub-combinations are intended to be
within the scope of the present inventions. Still further, while various alternative
embodiments as to the various aspects, concepts and features of the inventions--such as
alternative materials, structures, configurations, methods, devices and components,
alternatives as to form, fit and function, and so on--may be described herein, such
descriptions are not intended to be a complete or exhaustive list of available alternative
embodiments, whether presently known or later developed. Those skilled in the art may
readily adopt one or more of the inventive aspects, concepts or features into additional
embodiments and uses within the scope of the present inventions even if such embodiments
are not expressly disclosed herein. Additionally, even though some features, concepts or
aspects of the inventions may be described herein as being a preferred arrangement or

method, such description is not intended to suggest that such feature 1s required or necessary

10
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unless expressly so stated. Still further, exemplary or representative values and ranges may
be included to assist in understanding the present disclosure, however, such values and ranges
are not to be construed in a limiting sense and are intended to be critical values or ranges only
if so expressly stated. Moreover, while various aspects, features and concepts may be
expressly identified herein as being inventive or forming part of an mnvention, such
identification is not intended to be exclusive, but rather there may be inventive aspects,
concepts and features that are fully described herein without being expressly identified as
such or as part of a specific invention, the inventions instead being set forth in the appended
claims. Descriptions of exemplary methods or processes are not limited to inclusion of all
steps as being required in all cases, nor is the order that the steps are presented to be

construed as required or necessary unless expressly so stated.

11
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CLAIMS
1. A method of producing fibers having property enhancing inclusions, the method
comprising:

supplying a molten material to a fiber forming apparatus;

adding a controlled amount of particulate to the molten material; and

forming the molten material with the added particulate into fibers, such that an
undissolved portion of the added particulate forms inclusions in the fibers, the inclusions
having an absorption index in a 2-7 um wavelength region that i1s greater than a
corresponding absorption index of the material.
2. The method of claim 1, wherein the particulate comprises at least one of iron, iron
oxide, titanium, titanium oxide, silicon, tungsten, zinc oxide, and boron nitride.
3. The method of claim 1, wherein the particulate comprises particles having a
maximum diameter of approximately 1 pm.
4. The method of claim 1, wherein the particulate comprises an opacifier.
5. The method of claim 1, wherein adding the controlled amount of particulate to the
molten material comprises supplying the particulate using at least one of a vibratory feeder
and a screw feeder.
6. The method of claim 1, wherein adding the controlled amount of particulate to the
molten mineral material comprises supplying the particulate through a port connected with a
mineral delivery tube.

7. The method of claim 1, wherein adding the controlled amount of particulate to the
molten mineral material comprises supplying the particulate through a vertical particulate
delivery tube terminating within a fiber formation portion of the fiber forming apparatus.

8. The method of claim 1, wherein adding the controlled amount of particulate to the
molten mineral material comprises supplying the particulate through a port connected with a
forehearth, the forehearth supplying the molten mineral material to a fiber formation portion
of the fiber forming apparatus.

0. The method of claim 1, wherein the fiber forming apparatus comprises a rotary
fiberizer having a spinner for centrifuging the mineral material through orifices in a
peripheral wall of the spinner.

10.  The method of claim 1, wherein the particulate comprises a material having a melting
temperature that is greater than a temperature of the molten mineral material when the

particulate is added to the molten mineral material.

12
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11.  The method of claim 1, wherein the particulate has a refractive index in the 2-7 pm
wavelength region that is greater than a corresponding refractive index of the material.
12. A glass fiber suitable for insulation, the glass fiber comprising a glass material and a
plurality of inclusions within the glass material, the plurality of inclusions having an
absorption index in a 2-7 um wavelength region that is greater than a corresponding
absorption index of the glass material.
13.  The glass fiber of claim 11, wherein the plurality of inclusions comprises at least one
of iron, iron oxide, titanium, titanium oxide, silicon, tungsten, zinc oxide, and boron nitride.
14. Th.é glass fiber of claim 11, wherein the plurality of inclusions each have a maximum
diameter of approximately 1 pm.
15.  The glass fiber of claim 11, wherein the plurality of inclusions have a refractive index
in the 2-7 um wavelength region that is greater than a corresponding refractive index of the
material.
16. A fiberglass insulation product comprising:

a plurality of glass fibers comprising a glass material and a plurality of inclusions
within the glass material, wherein the plurality of inclusions have an absorption index 1n a 2-7
um wavelength region that is greater than a corresponding absorption index of the glass
material;

wherein the fiberglass insulation product has a thermal resistance greater than a
thermal resistance of a comparable fiberglass insulation product produced with glass fibers
formed without the plurality of inclusions.
17.  The fiberglass insulation product of claim 16, wherein the plurality of inclusions
comprise at least one of iron, iron oxide, titanium, titanium oxide, silicon, tungsten, zinc
oxide, and boron nitride.
18. A fiberizer assembly comprising:

a spinner having an orificed peripheral wall through which molten mineral material
passes to form mineral fibers;

a forehearth supplying molten material to the spinner through a delivery tube;

a burner positioned to direct hot gases toward the peripheral wall,

a blower positioned to attenuate fiber materials exiting orifices in the peripheral wall;

a particulate source retaining particles having a maximum diameter of approximately

1 um; and
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a particulate supply port connected with the particulate source and configured to
supply a controlled amount of the particles to the molten material before the molten material
passes through the peripheral wall orifices.

19.  The fiberizer assembly of claim 18, wherein the particulate supply port is connected
with the delivery tube.
20.  The fiberizer assembly of claim 18, wherein the particulate supply port comprises a

vertical particulate delivery tube terminating within the spinner.

21.  The fiberizer assembly of claim 18, wherein the particulate supply port 1s connected
with the forehearth.
22.  The fiberizer assembly of claim 18, further comprising at least one of a vibratory

feeder and a screw feeder for controlled supply of particulate into the molten material.
23. A fiber forming apparatus comprising:

a molten mineral collection portion configured to receive a molten mineral material;

a fiber formation portion connected with the molten mineral collection portion and
configured to produce solid fibers from the molten mineral material;

a fiber dispensing port in communication with the fiber formation portion,;

a particulate source retaining particles having a maximum diameter of approximately
1 um; and

a particulate supply port connected with the particulate source and configured to
supply a controlled amount of particulate to the molten mineral material before the molten

mineral material is formed into the solid fibers.
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