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(57) Abstract: Tubular pipe insulation is made from a glass fiber mat produced utilizing a rotary glass fiberization process. A
& spinner disc is rotated to centrifuge molten glass through fiberization holes in an annular sidewall of the spinner disc and form
& primary glass fibers. The primary glass fibers are attenuated and formed into a veil where the fibers are dispersed to reduce in length
the fiber networks formed from the fibers. Binder is applied to the fibers and the fibers are collected into a mat that, when pulled apart
by longitudinally directed, opposing forces, separates across the width of the mat into two mat sections having feathered edges with
substantially no fibrous stringers extending beyond the feathered edges for a distance greater than about four inches. The leading
mat section is then wound about a mandrel and the binder in the mat is cured to form the pipe insulation.
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ROTARY FIBERIZATION PROCESS FOR MAKING GLASS
FIBERS, AN INSULATION MAT, AND PIPE INSULATION

BACKGROUND OF THE INVENTION

The subject invention relates to a process'for making tubular glass fiber pipe
insulation and more specifically, to an improved process for making tubular glass fiber
pipe insulation that is made from a glass fiber mat produced utilizing a rotary glass
fiberization process wherein the mat, when pulled apart by longitudinally directed,
opposing forces, separates across the width of the mat into two mat sections having
feathered edges with substantially no fibrous stringers extending beyond the feathered
edges of the mat a distance greater than about four inches and typically no fibrous
stringers extending beyond the feather edges of the mat a distance greater than about
three inches. '

Tubular glass fiber pipe insulation is typically .made from a glass fiber mat
containing uncured binder by winding the glass fiber mat about a mandrel and curing
the binder. The glass fiber mat is typically made utilizing a process known in the
industry as a pot and marble fiberization process or a process known in the ind(:stry as
a rotary fiberization procesé. The glass fiber mat utilized from either of these processes
typically contains fibers ranging between 5 and 8 microns in diameter rather than the
finer diameter fibers normally used in products such as residential building insulation.
The larger diameter glass fibers utilized in the glass fiber mats to produce tubular pipe
insulation, at least in part, provide the finished tubular pipe insulation product with the
feel expected and the rigidity required of the product by the insulation contractors.
However, when making a glass fiber mat containing fibers ranging between 5 and 8
microns for forming tubular pipe insulation with a rotary fiberization process, a number
of processing problems are encountered as illustrated by the féllowing examples.

_ For the weight range of the mats that are used to make tubular pipe insulation
and the downstream speed limitations of pipe insulation production processes, the pull
rate per rotary fiberizer used to make the relatively large diameter glass fibers in the
quantities required to be collected into such mats is relatively low when compared to
the pull rates normally encountered in commercial rotary glass fiberization processes
and can increase the difficulty of maintaining the energy balance required by the
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process to produce such glass fibers. The elevated glass viscosity of the molten glass

used to make glass fibers for pipe insulation, compared to the glass viscosities typically

used in other commercial rotary glass fiberization processes, increases the energy -
required to centrifuge the molten glass into fibers and limits the molten glass throughput

through conventionally sized spinner fiberization holes. Furthermore, spinner alloy

service temperature limitations inhibit raising the opérating temperatures of the process

as a means to compensate for and reduce this elevated viscosity..

Another issue that must be overcome when utilizing a rotary fiberization procesé
is the networking of the glass fibers where the glass fibers produced by-the process
become entangled together prior to their collection into a mat to the extent that the
process and mat produced by the process are adversely affected by the networked
glass fibers. The accumulation of the glass fibers produced in the process into large
networks of glass fibers can adversely affect the application of binder to the giass fibers
and the collection of the glass fibers into a mat having a generally uniform fiber weight
distribution and tear strength. When a mat containing networks of glass fibers that are
too large is pulled apart during the process to separate the mat into mat sections that
are successively wound aboui mandrels to form tubular pipe insulation, the networked
glass fibers can adversely affect the uniform tearing of the mat so that the mat sections
formed do not have generally straight feathered leading and trailing mat section edges
and can form fibrous stringers extending beyond the leading and trailing edges of the
mat sections for distances that create processing and/or finished product problems.
For example, the presence of these stringers can adversely affect the winding the mat
sections about the mandrels to form a tubular pipe insulation product through their
entanglement with the winding apparatus and can adversely affect the appearance of
the outer surface of the finished tubular pipe insulation product by making the outer
surface of the product irregular. Furthermore, where the separated mat sections have
i'elatively thick and/or ragged leading and trailing edges rather than generally straight
feathered edges, the spiral winding of a mat section onto a mandrel to form a tubular
pipe insulation product can leave a longitudinally extending ridge on the internal surface
of the product that adversely affects the product's insulating properties and/or a
longitudinally extending ridge on the external surface of the product that adversely

affects the product’s appearance.
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SUMMARY OF THE INVENTION

The process of the subject invention overcomes or ameliorates the processing
problems discussed above that are encountered in the rotary fiberization and collection
of glass fibers into a glass fiber mat which is subsequently separated into mat sections
that are then formed into pieces of tubular pipe insulation. The process of the subject
invention for making tubular pipe insulation: utilize a rotary glass fiberization apparatus
to fiberize a high viscosity glass, apply binder to the glass fibers produced in the
process, disperse the fibers produced in the process to reduce fiber networking, collect
the fibers to form a mat, and separate the mat into mat sections with feathered leading
and trailing edges. These mat sections are successively wrapped about cylindrical
mandrels, the binder in the mat sections is cured after the mat sections are wrapped
about the mandrels to form pieces of tubular pipe insulation, the pieces of tubular pipe
insulation are slit and jacketed, and the jacketed tubular pipe insulation assemblies
made by the process of the subject invention are packaged.

The rotary fiberization process of the subject invention utilizes a spinner disc
with an annular peripheral sidewall having an upper annular edge portion, a lower
annular edge portion, and a mid-portion extending between the upper and lower
annular edge portions. The mid-portion of the annular spinner disc sidewall has
thousands of glass fiberization holes therein that are between 0.016 and 0.035 inches
in diameter. Preferably, an upper region of the mid-portion of the annular spinner disc
sidewall has larger diameter glass fiberization holes than a lower region of the mid-
portion of the annular sidewall and fewer glass fiberization holes per unit area than the
lower regibn of the mid-portion of the annular sidewall to facilitate the formation of
primary fibers across the height of the mid-portion of the sidewall within a narrower
diameter range.

A molten glass is introduced into an interior of the spinner disc and onto a base
of the spinner disc radially inward of the annular spinner disc sidewall at a rate between
120 pounds per hour and 900 pounds per hour. To reduce raw material costs, the
molten glass has a viscosity of at least 1000 poise at about 1950 °F and a glass
liquidus of about 1620 °F or greater. The spinner disc is rotated about a generally
vertical axis of rotation and is rotated at speeds that centrifuge the molten glass through
the glass fiberization holes in the annular spinner disc sidewall to form primary glass
fibers and to pass the primary fibers through an annular heat bath region into an
annular fluid attenuation region. Preferably the molten glass is centrifuged through the

3
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glass fiberization holes with a force between 900 and 1300 G’s and at a rate that is
between 0.015 and 0.060 pounds per hour per glass fiberization hole.

The annular heat bath region extends from the upper edge portion down
through the mid-portion of the annular spinner disc sidewall and radially outward from
the spinner disc sidewall to the annular fluid attenuation region. The annular heat bath
region is heated by an annular external combustion burner that preferably heats the
annular heat bath region with low velocity gases of combustion to provide a net heat
fiux into the primary glass fibers passihg from the spinner disc through the annular heat
bath region into the annular attenuation fiuid region. To introduce more heat into a
region above the spinner disc and into the annular heat bath region as well as heat the
interior of the spinner, a fuel mixture having less oxygen than required for full

" combustion of the fuel within the spinner disc, can be introduced into the interior of the

spinner disc. The combustion of this fuel mixture within the spinner disc heats the
interior of the spinner disc to keep the molten glass in the spinner disc at a sufficiently
high temperature for good fiberization and the fuel that does not burn within the spinner
disc spills out over the upper peripheral edge of and out of the spinner disc where it
combusts to add heat to a region over and adjacent the spinner disc including the heat
bath region.

The annular fluid attenuation region is spaced radially outward from the spinner
disc sidewall and extends from the upper edge portion down through the mid-portion of
the annular sidewall of the spinner. An attenuation fluid is forcefully emitted from above
into the annular fluid attenuation region. The forcefully emitted attenuation fluid
attenuates the primary glass fibers introduced into the annular fluid attenuation region
into lesser diameter glass fibers having diameters as low as 3 microns (typically
between 5 microns and 8 microns) and directs those lesser diameter glass fibers
downward away from the' spinner disc in a generally tubular veil of the lesser diameter
glass fibers and fiber networks formed from a portion of the lesser diameter glass
fibers. In addition to the attenuation fluid, oxygen can be injected from above into and
combusted in the annular fluid attenuation region to effect a relatively high localized
temperature increase in a portion of the annular fluid attenuation region where there are
high rates of shear attenuating the primary glass fibers into the lesser diameter glass
fibers. .

Preferably, the lesser diameter glass fibers of the tubular veil of lesser diameter
glass fibers are dispersed by forcefully applying fluid onto the veil to reduce in size and
length the fiber networks formed from the lesser diameter glass fibers. This dispersion

4
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of the lesser diameter glass fibers can be accomplished, at least in part, by forcefully
emitting the attenuating fluid into the annular fluid attenuation region at alternating
angles and/or in a non-uniform pattern. This dispersion of the lesser diameter glass
fibers can also be accomplished, at least in part, by forcefully applying a binder and/or
other fluid to the lesser diameter glaés fibers of the tubular veil of lesser diameter glass
fibers from within and/or outside of the tubular veil at a location or locations beneath the
annular fluid attenuation region. Furthermore, all of these methods of fiber dispersign
can be utilized together to attain the desired amount of lesser diameter fiber dispersion
and can be combined with the use of a forming tube configured to effect fiber
dispersion.

Preferably, the lesser diameter glass fibers are collected on a rotary collection
drum into an insulation mat. The insulation mat, when pulled apart by longitudinally
directed, opposing forces applied substantially equally to the mat across the width of
the mat, separates across the width of the mat into two mat sections at a separation
that has generally straight, feathered edges. Furthermore, the edges of the mat
sections formed by the mat separation are nct only feathered, but have no or
substantially no fibrous stringers extending beyond either of the feathered edges of the
mat sections a distance greater than about four inches. The mat sections are
successively wrapped about mandrels with generally cylindrical outer surfaces and the
binder in the wrapped mat sections is cured to form pieces of tubular pipe insulation
with no longitudinally extending ridgeé and no or substantially no long stringers on the
internal or external surfaces of the product that would adversely affect the product’s
insulating properties and/or appearance.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic diagram of a tubular pipe insulation production line that
may be used in the process of the subject invention. ' ‘

Figure 2 is a schematic transverse. vertical cross section through a glass
fiberizing and mat collection station of a tubular pipe insulation production line that may
be used in the process of the subject invention showing a rotary glass fiberizing
apparatus, a binder application assembly, a collection tube, and a portion of a rotary
collection drum for collecting a glass fiber mat.
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Figure 3 is a schematic vertical cross section, on a larger scale, of the rotary
fiberizing apparatus of Figure 2. Figures 2 and 3 schematically illustrate the direction of
flow of combustion gases, oxygen injection, attenuating fluids, fiber dispersion fluids,
and binder fluids.

Figure 4 is a partial side view of the sidewall of the spinner disc of Figure 2
schematically representing a preferred fiberizing hole and reinforcing band

' arrangement for the spinner disc.

Figure 5 is a schematic partial horizontal cross section, viewed from above, of
an annular external combustion burner of the fiberizing apparatus of Figure 3.

Figure 6 is a schematic side view of the take-up and mat section forming
stations of the process of the subject invention.

Figures 7 and 8 are side and top views of a glass fiber mat section formed and
used in the process of the subject invention to form a piece of tubular glass fiber pipe
insulation.

Figure 9 is a partial perspective view of a slit piece of tubular glass fiber pipe
insulation made by the process of the subject invention.

Figure 10 is a partial perspective view of a piece of jacketed tubular glass fiber
pipe insulation made by the process of the subject invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figure 1 schematically shows a jacketed pipe insulation _production line 10 for
making jacketed tubular pipe insulation assemblies by the procéss of the subject
invention. The jacketed pipe insulation production line 10 includes a glass fiberizing
and mat collection station 11, a mat take-up station 12, a mat section forming station
13, a mandrel wrapping station 14, a curing station 15, a mandrel removal station 16, a
pipe insulation slitting station 17, a pipe insulation jacketing station 18, and a packaging
station 19.

In a preferred embodiment of the glass fiberizing and mat collection station 11
shown in Figure 2, the glass fiberizing and mat collection station includes a rotary
fiberizing apparatus 20, a rotary perforated mat collection drum 21, and a forrhing tube
22 through which the fibers formed by the rotary fiberizing apparatus 20 pass to be
collected on the rotary mat collection drum 21. The rotary fiberizing apparatus 20
includes a spinner disc 23, an external burner 24, a fiber attenuation apparatus 25, and

6
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preferably, also includes an internal burner or burners 26 and an oxygen injection
apparatus 27.

~ The spinner disc 23 of the rotary fiberizing apparatus is mounted on the lower
end of a hollow drive shaft 28, which is driven by a conventional drive assembly (not
shown) to rapidly rotate the spinner disc 23 about a vertical axis. The spinner disc 23
has a circular base plate 29 affixed to the hollow drive shaft 28, an integral annular

peripheral sidewall 30 extending upward from an outer peripheral edge portion of the

base plate 29, and an integral annular reinforcing flange 31 extending radially inward
from an upper edge portion of the sidewall 30. The annular peripheral sidewall 30 has
an upper annular edge portion that is free of fiberizing holes, a lower annular edge
portion that is free of fiberizing holes, and a mid-portion extending between the upper
and lower annular edge portions with thousands of fiberizing holes 32. The fiberizing
holes 32 in the mid-portion of the annular sidewall 30 are between 0.016 and 0.035
inches in diameter. Preferably, as schematically shown in Figure 4, an upper region of
the mid-portion of the annular spinner disc sidewall 30 has larger diameter fiberizing
holes 32 than a lower region of the mid-portion of the annular sidewall and fewer
fiberizing holes 32 per unit area than the lower region of the mid-portion of the annular
sidewall to facilitate the formation of primary fibers 34 across the height of the mid-
portion having diameters in a narrower diameter range. In addition, to strengthen the
spinner disc sidewall 30 and increase spinner disc service life, the spinner disc sidewall
30 is provided with a plurality of circumferentially spaced apart reinforcing bands 30'
that extend through the mid-portion of the sidewall from the upper to lower annular
edge portions of the sidewall. These reinforcing bands 30’ are solid (do: not contain
fiberizing holes 32), and uninterrupted throughout their heights from the upper to the
lower annular edge portions of the sidewall 30.

In a preferred embodiment of the invention, a stream of molten glass 33 (from a
furnace source not shown) is introduced into an interior of the spinner disc 23 and onto
the base plate 29 of the spinner disc radially inward of the annular spinner disc sidewall
30 at a rate between 120 pounds per hour and 900 pounds per hour. Lower molten
glass throughputs are used when making glass fiber mats used to fabricate smaller
outside diérheter, thin walled, pieces of tubular pipe insulation. Higher molten glass
throughputs are used when making glass fiber mats used to fabricate larger outside
diameter, thick walled, pieces of tubular pipe insulation. To reduce raw material costs,
less expensive glass compositions are used in the process of the subject invention than
those normally used in rotary glass fiberization operations. However, the molten glass

7
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33 of these less expensive glass compositions has a viscosity of at least 1000 poise at
about 1900°F and typically, a viscosity of at least 1000 poise-at 1950°F and a glass
liquidus of about 1620°F or greater up to about 1690°F. The use of these glass
compositions, which aré more viscous than the glass compositions normally used in
other rotary fiberizing operations to produce products such as but not limited to
residential insulation, introduces issues into the fiberization process that are addressed
by the process of the subject invention, such but not limited to, minimizing any
increased energy requirements for drawing this more viscous glass into fibers and
maintaining a desired glass throughput per fiberizing hole while not raising operating
temperatures to the extent that the spinner alloy is adversely affected to materially
reduce spinner service life.

The spinner disc 23 is rotated about its generally vertical axis of rotation at
speeds that centrifuge the molten glass 33 through the fiberizing holes 32 in the
annular spinner disc sidewall 31 to form primary glass fibers 34 and to pass the primary
fibers through an annular heat bath region 35 into an annular fluid attenuation region
36. Preferably the molten glass 33 is centrifuged through the fiberizing holes 32 with a
force between 900 and 1300 G's (where G is the “gravitational constant” 3.44 X 107 ft*
/Ibf-sec* or 6.672 X 10" N-m? /kg®) and at an average rate that is between 0.015 and
0.060 pounds per hour per fiberizing hole 32 and typically between about 0.04 and
about 0.05 pounds per hour per fiberizing hole 32. ,

The annular heat bath region 35 includes and extends in height from at least the
upper edge portion down through at least the mid-portion of the annular spinner disc
sidewall 30 and radially outward from the outer surface of the spinner disc sidewall 30
to the annular fluid attenuation region 36. The annular external burner 24 heats the
annular heat bath region 35 and is located immediately above the annular heat bath
region 35. The annular external burner 24 heats the annular heat bath region 35 with
relatively low momentum, high temperature (e.g. above 2100°F) gases of combustion
that are introduced from above into the annular heat bath region 35 to provide a net
heat flux into the primary glass fibers 34 passing from the spinner disc 23 fibérizing
holes through the annular heat bath region 35 into the annular attenuation fluid region ‘
36. By having a net heat flux into the primary glass fibers 34 passing through the
annular‘heat) bath region 35, the viscosity of the primary glass fibers 34 is reduced
during their passage through the annular heat bath region 35 and ihe introduétion of
these reduced viscosity primary fibers 34 into the annular fluid attenuation region 36
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enables a greater attenuation or elongation of the primary glass fibers 34 into lesser
diameter fibers in the annular fluid attenuation region 36.

The use of relatively low momentum gases of combustion to heat the annular
heat bath region 35, reduces the degree of fiber entanglement of adjacent primary
glass fibers 34 in the annular heat bath region 35 and decreases the formation of
unwanted “shot” or fine glass debris from the primary glass fibers 34 in the annular heat
bath region to thereby imprové the cleanliness and quality of the glass fibers and the
mat formed from the glass fibers produced by the subject invention. The momentum of
the gases of combustion in the annular heat bath region 35 are controlled to reduce
glass fiber networking as the primary glass fibers 34 pass through the annular heat
bath region 35 so that in combination with the other fiber network reduction measures
used in the process of the subject invention, a glass fiber mat is produced by the
subject invention that separates as required in the cross machine direction to form mat
sections having relatively straight feathered leading and trailing edges that extend
perpendicular to or substantially perpendicular to the machine direction of the mat and
are without or substantially without stringers that extend beyond the edges for more
than four inches and typically the edges are without stringers that extend beyond the
edges for more than three inches.

In one preferred embodiment of the annular external burner 24, the annular
external burner 24 has an annular combustion chamber 37 that is lined with a high
temperature resistant refractory lining 38. The annular combustion chamber 37 is sized
to permit expansion of the gases of combustion within the chamber and prior to the
discharge of the gases of combustion from the exterior burner 24 through the annular
discharge orifice 39 to reduce the momentum of the gases of combustion discharged
through the annular discharge orifice 39. The high temperature resistant refractory
lining 38 of the external burner 24 reduces energy loss from the external burner 24 into
the fiberizer frame structure (not shown) and creates an interior combustion chamber
surface which envelops the combustion space of the burner to provide a radiant high
temperature surface that facilitates combustion of the premixed fuel mixture introduced
into the chamber and the maximum practical thermal extraction of energy from the
gases of combustion produced in the chamber for use in the fiberizing process. The
annular discharge orifice 39 is a relatively wide annular discharge orifice 39 that is
located above and extends radially outward from the outside surface of the spinner disc
sidewall 30. Preferably, the premixed fuel mixture is injected into the combustion
chamber 37 of the external burner 24 through an inlet port or ports 40 (such as shown

9
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in Figure 5) so that the premixed fuel mixture has a circumferential circulation pattern
within the combustion chamber 37 where the premixed fuel mixture is burned to form
the gases of combustion. These gases of combustion are then discharged downward
into the annular heat bath region 35 through the relatively wide annular discharge
orifice 39. Preferably, the relatively wide annular discharge orifice 39 is sufficiently
wide, radially, to ensure that the primary glass fibers 34 are bathed in the low
momentum, high temperature gases of combustion discharged from the external burner
24 for the entire or substantially the entire radial distance of their passage from the
spinner disc sidewall 30 to the annular fluid attenuation region 36.

To introduce more heat into a region above the spinner disc 23 and into the
annular heat bath region 35 as well as heat the interior of the spinner disc 23, a fuel
mixture having less oxygen than required for full combustion of the fuel within the
spinner disc, can be introduced into the interior of the spinner disc 23 through oné or
more internal burners 41. Typically, the fuel mixture would be an air deficient
(compared to the stoichiometric ratio) natural gas mixture where the ratios range
between 5:1 and 12:1. The higher ratios would be used for lower pull rates where it is
more difficult to maintain a sufficiently high disc temperature for good fiberization.
Typically, the flow rates and fuel mixture ratios used by the different internal burners 41
would differ depending on where the different burners are located and the directions in
which the different burners are aimed. Typically, the internal burners 41 would not be
refractory lined. However, in specific locations one or more of the small internal
burners 41 could be refractory lined to maximize, to the extent practical, the thermal
energy extracted for the process at strategic location(s). The internal burners 41 would
each operate at low flow rates that would generally be lower than 2000 scfh (2000
standard cubic feet per hour) and as low as 500 scfh (500 standard cubic feet per
hour). The combustion of this fue! mixture within the spinner disc 23 heats the interior
of the spinner disc to keep the molten glass 33 within the spinner disc at a sufficiently
high temperature for good fiberization and the fuel that does not burn within the spinner
disc 23 spills out over the upper peripheral reinforcing flange 31 of the spinner disc
where it combusts to add heat to a region over and adjacent the spinner disc including
the annular heat bath region 35.

The annular fluid attenuation region 36 is spaced radially outward from the
épinner disc sidewall 30 and extends in height at least from the upper edge portion
down through at least the mid-portion of the annular spinner disc sidewall. An
attenuation fluid is forcefully emitted from above into the annular fluid attenuation region

10
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36. The forcefully emitted attenuation fluid attenuates the primary glass fibers 34

introduced into the annular fluid attenuation region 36 into lesser diameter glass fibers
42 having diameters between 5 microns and 8 microns and typically between about 6
and about 7 microns. The forcefully emitted attenuation fluid also directs those lesser
diameter glass fibers 42 downward away from the spinner disc 23 toward the rotary
collection drum 21 in a generally tubular veil 43 of the lesser diameter glass fibers 32
and fiber networks formed from a portion of the lesser diameter glass fibers 32.

The forcefully emitted attenuation fluid is emitted in a generally downward
direction at a relatively high velocity from above into the annular fluid attenuation region
36. In a 'preferred embodiment of the subject invention, the forcefully emitted
attenuation fluid is emitted from the annular fiber attenuation apparatus 25 having a
continuous annular slit, a series of annularly spaced-apart discrete jets, or a series of
annularly spaced-apart slits (semi continuous slits) 45. The forcefully emitted
attenuation fluid can be emitted into the annutar fluid attenuation region 36 in a variety
of patterns and angles to provide the final force for pulling and attenuating the still-
molten primary glass fibers 34 into the lesser diameter glass fibers 42, which have
diameters that are greatly reduced from the diameters of the primary glass fibers 34.
The attenuating fluid is typically air. However, other attenuating fluids such as but not
limited to steam could be used to attenuate the primary glass fibers 34 in the annular
fluid attenuation region.

Where the annular fiber attenuation apparatus 25, forcefully emits the
attenuation fluid downward into the annular attenuation region 36 in a variety of
patterns and/or angles to provide the final force for pulling and attenuating the still-
molten primary glass fibers 34 into the lesser diameter glass fibers 42, the flow of the
forcefully emitted attenuation fluid in the patterns and angles imparted by the jets or
slits can be used to disperse the lesser diameter glass fibers and decrease the
otherwise high concentr;ation of the lesser diameter glass fibers 42 in the generally
tubular veil 43 of lesser diameter glass fibers. If the lesser diameter glass fibers 42,
which are otherwise in extremely close proximity to each other, are not dispersed by
spreading the fibers generally radially inward or outward (fiber dispersion) from the
generally tubular fiber veil 43 with the forcefully emitted attenuation fluid and/or other
fiber dispersing means discussed below, the high concentration of the lesser diameter
glass fibers 42 in the generally tubular fiber veil 43 will entangle and accumulate into
ever larger and longer fiber networks. If permitted to form, these larger and longer fiber -
networks are collected along with the lesser diameter glass fibers 42 to form a less
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uniform glass fiber mat that, when pulled apart to form mat sections later on in the
process, does not readily separate into mat sections with leading and trailing feathered
edges that are substantially straight (regular) with no or substantially no fibrous
stringers extending beyond the feathered edges of the mat a distance greater than four
inches and typically no fibrous stringers extending beyond the feathered edges of the
mat a distance greater than about three inches.

In addition to the forcefully emitted attenuation fluid, oxygen or an oxygen rich
fluid mixture can be forcefully injected from above into and combusted in the annular
fluid attenuation region 36 to effect a relatively high localized temperature increase in a
portion of the annular fluid attenuation region 36 where there are high rates of shear
attenuating the primary glass fibers 34 into the lesser diameter glass fibers 42. In a
preferred embodiment of the subject invention, the forcefully injected‘oxygen or oxygen
rich fluid mixture is forcefully injected into the annular fluid attenuation region 36 from
an annular manifold 46 having a continuous annular slit, a series of annularly spaced-
apart discrete jets, or a series of annularly spaced-apart slits (semi continuous slits) 47.
Preferably, there is an adjustable annular air gap 48 between the annular manifold 46
and the annular attenuation apparatus 25 through which a selected volume of air is
drawn into the heat bath region 35 and attenuation region 36 to promote combustion
within these regions. .

The rotary fiberizing apparatus 20 has a fiberizing and attenuation region where
the molten glass 33 is introduced into the spinner disc 23 and passes through the
fiberizing holes 32 in the spinner disc sidewall 30 to be fiberized into the primary glass
fibers 34 and where the primary glass fibers thus formed are attenuated into the lesser
diameter glass fibers 42. The'spinner disc 23; the annular external burner 34 which is
above, overlaps, and extends radially outward from the spinner disc 23; the annular
attenuation apparatus 25 which is located radially outward from the spinner disc 23 and
extends from above a plane containing the upper surface of the reinforcing flange 31 of
the spinner disc downward to a height substantially coinciding with or below a
horizontal plane containing the base plate 29 of the spinnér disc 29; and the annular
oxygen manifold 46 which is located intermediate and extends, except for a narrow
annular air gap 48, between the external burner 34 and the attenuation apparatus 25,
all function as a mechanical barrier to enclose and. contain energy in the fiberizing and
attenuation region of the process to maintain this region within a desired temperature
range to facilitate the fiberization of the molten glass 33 while conserving energy.
Preferably, to further enclose this fiberizing and attenuation region and maintain this
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region within a desired temperature range while conserving energy, a high temperature
resistant radiant or refractory insulating plate 49 is located immediately above the
spinner disc 23. The radiant or refréctory insulating plate 49 extends from the hollow
drive shaft 28 radially outward beyond the spinner disc 23, has a central opening
through which the hollow drive shaft 28 for the spinner disc passes, and a second
opening, located radially outward from the ceniral opening, through the stream of
molten glass 33 passes from the source of molten glass onto the base plate 29 of the
spinner disc 23. The annular oxygen manifold 46 can be contained within the
refractory plate 49.

To further contain energy in and/or add energy to the spinner disc 23 in the
fiberizing and attenuation region of the process to maintain this region within a desired
temperature range to facilitate fiberization of the molten glass 33, a high temperature
resistant, refractory insulator plate or radiant insulator plate 50 can be secured to the
bottom surface of the spinner disc base plate 29 to contain heat within the spinner disc
23 and/or the spinner disc base plate 29 can be heated by an annular induction heater
51. Preferably, the refractory insulating plate 50 is substantially coextensive with the
bottom surface of the spinner disc base plate 29. Preferably, the annular induction
heater 51 is located immediately below and adjacent the outer peripheral edge portion
of the bottom surface of the spinner disc base ﬁlate 29 to input energy into this portion
of the spinner disc base plate 29. The overall energy balance of this fiberizing and
attenuation region can also be facilitated by introducing of the stream of molten glass

- 33 onto the spinner disc base plate 29 radially outward from the center of the spinner

disc and as close as practical to the spinner disc sidewall 30 to minimize the area of the
spinner disc base plate 29 that is wetted by the molten glass 33.

As discussed above, preferably, the lesser diameter glass fibers 42 of the
tubular fiber veil 43 are dispersed inwardly and/or outwardly in generally radial
directions by forcefully applying fluid onto the veil. This generally radial dispersion of
the lesser diameter glass fibers 42 in the tubular fiber veil 43 reduces the formation of
larger and long fiber networks from the lesser diameter glass fibers that can form
stringers in the mat collected on the perforated rotary collection drum 21 and cause that
mat to be less uniform in density. As discussed above in connection with the
attenuation apparatus 25, this dispersion of the lesser diameter glass fibers 42 can be
accomplished, at least in part, by forcefully emitting the attenuating fluid from the
attenuating apparatus 25 into the annular fluid attenuation region 36 at alternating
angles and/or in a non-uniform pattern. This general dispersion of the lesser diameter
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glass fibers 42 in the tubular fiber veil 43 can also be accomplished, at least in part, by
forcefully applying a binder and/or other fluid to the lesser diameter glass fibers 42 of
the tubular fiber veil 43 from within and/or outside of the tubular fiber veil at a location
or locations beneath the annular fluid attenuation region 36. Furthe‘rmore-, all of these
methods of fiber dispersion can be utilized together to obtain the desired amount
dispersion of lesser diameter glass fibers 42 and can be combined with the use of a
forming tube 22 specifically configured to effect fiber dispersion.

Where binder(s) and/or other fluid(s) are forcefully applied to the tubular fiber
veil 43 from within the veil, the binder(s) and/or other fluid(s) are typically apblied to the
tubular fiber veil 43 by an interior fluid application apparatus 52 that is located beneath
the spinner disc 23 and either above or in the upper portion of the forming tube 22. The -
binder(s) and/or other fluid(s) that are applied to the veil 43 from within the veil are
supplied under pressure to the interior fluid application apparatus 52 through the hollow
drive shaft 28. To apply binder(s) to and/or disperse the lesser diameter glass fibers
42, the interior fluid application apparatus 52 forcefully emits the binder(s) and/or other
fluid(s) outward toward the interior of the tubular fiber veil 43 from one or more series of
annularly arranged jets (such as liquid pressure or air-atomized binder nozzles
commonly used in the industry), one or more annular slits, and/or one or more series of
annularly arranged spaced apart slits of the application apparatus 52. Preferably, the
binder(s) and/or other fluid(s) forcefully emitted by the application apparatus 52 are
applied to the lesser diameter glass fibers 42 of the tubular fiber veil 43 by introducing
the binder(s) and/or other fluids into the tubular fiber veil 43 along the entire or
substantially entire inner circumference of the tubular fiber veil. The impact of the
fluid(s) emitted by the fluid application apparatus 52 on the lesser diameter glass fibers
42 of the tubular fiber veil 43 disperses the lesser diameter glass fibers 42 of the
t.ubu!ar'fiber veil 43 in generally outward directions from the veil and where the fluid(s)
are binder(s) applies the binder(s) to the fibers. ‘

Where binder(s) and/or other fluid(s) are forcefully applied to the tubular fiber
veil 43 from outside of the veil, the binder(s) and/or other fluid(s) are typicélly applied to
the tubular fiber veil 43 by one or more exterior fluid application apparatuses that are
located to forcefully emit fluids on and into the veil 43-at a level or levels beneath the
spinner disc 23 and either above or in the upper portion of the forming tube 22. Figures
2 and 3 show an embodiment of the invention that utlizes a first exterior fluid
application apparatus 53 that is integral with and located immediately beneath the
annular attenuation apparatus 25 and a second exterior fluid application apparatus 54
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that is located between the first exterior fluid application apparatus 53 and the forming
tube 22. The binder(s) and/or other fluid(s) are supplied under pressure to the exterior
fluid application apparatuses 53 and 54. To apply binder(s) to and/or disperse the
lesser diameter glass fibers 42 of the veil, the exterior fluid application apparatuses 53
and 54 forcefully emit the binder(s) and/or other fluid(s) inward toward the exterior of
the tubular fiber veil 43 from one or more series of annularly arranged jets (such as
liquid pressure or air-atomized binder nozzles commonly used in the industry), one or
more annular slits, and/or one or more series of annularly arranged spaced apart slits
of the application apparatuses 53 and 54. Preferably, the binder(s) and/or other fluid(s)
forcefully emitted by the application apparatuses 53 and 54 are applied to the lesser
diameter glass fibers 42 of the tubular fiber veil 43 by introducing the binder(s) and/or
other fluids into the tubular fiber veil 43 along the entire or substantially entire outer
circumference of the tubular fiber veil. The impact of the fluid(s) emitted by the fluid
application apparatuses 53 and 54 on the lesser diameter glass fibers 42 of the tubular
fiber veil 43 disperses the lesser diameter glass fibers 42 of the tubular fiber veil 43 in
generally inward directions from the veil and where the fluid(s) are binder(s) applies the
binder(s) to the fibers. It is contemplated that any one of the individual application
apparatuses 52, 53, and 54 can be used alone or that two or more of the application
apparatuses 52, 53, and 54 can be used together in various combinations.

Binder(s) can also be applied to the tubular fiber veil 43 from outside of the veil
by one or more exterior fluid application apparatuses that are located to forcefully emit
fluids on and into the veil at a level or levels between the lower end of the forming tube
22 and the perforated rotary collection drum 21 or in the lower portion of the forming
tube 22. Figure 2 shows an embodiment of the invention that utilizes an exterior fiuid
application apparatus 55 that is located between the lower end of the forming tube 22
and the perforated rotary collection drum. The binder(s) and/or other fluid(s) are
supplied under pressure to the exterior fluid application apparatus 55. To apply
binder(s) to the lesser diameter glass fibers 42 of the veil, the exterior fluid application
apparatus 55 forcefully emits the binder(s) inward toward the exterior of the tubular
fiber veil 43 from one or more series of annularly arranged jets (such as liquid pressure
or air-atomized binder nozzles commonly used in the industry), one or more annular
slits, and/or one or more series of annularly arranged spaced apart slits of the
application apparatus 55. Preferably, the binder(s) forcefully emitted by the application
apparatus 55 are applied to the lesser diameter glass fibers 42 of the tubular fiber veil
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43 by introducing the binder(s) .into the tubular fiber veil 43 along the entire or
substantially entire outer circumference of the tubular fiber veil.

The forming tube 22 has an annular horizontal cross section, typically a
generally circular horizontal cross section, for its entire or substantially its entire height.
The forming tube 22 extends for the greater part of the distance between the rotary
fiberizing apparatus 20 and the perforated rotary collection drum 21 and typically
extends for substantially the entire distance between the rotary fiberizing apparatus 20
and the perforated rotary collection drum 21. The forming tube 22 functions to contain
the tubular fiber veil 43 and to reduce the accumulation of the lesser diameter glass
fibers 42 on the exterior fluid application apparatuses 53, 54, and 55. In addition, the
forming tube 22 can-be configured to slow the velocity and/or descent of the lesser
diameter glass fibers 42 in the tubular fiber veil 43 or otherwise control the movement
of the lesser diameter glass fibers in the tubular veil as the lesser diameter glass fibers
pass from the rotary fiberizing apparatus 20 to the perforated rotary collection drum 21.
This fiber control is used to reduce the formation of fiber networks in the fiber veil 43,
improve fiber collection on the perforated rotary collection drum 21, and improve mat
quality by enabling the collection of a mat 108 on the collection surface of the
perforated rotary collection drum 21 that is more uniform in thickness and density
throughout and contains fewer and shorter fiber networks. By way of example, this
fiber control may be carried out by an appropriate selection of: a) the horizontal cross
sectional area or areas of the forming tube 22 at its upper inlet end, upper portion, mid-

A portion, lower portion, and/or lower outlet end, b) the height (length) of the forming tube,

c) the spacing between the upper end of the forming tube and the bottom of the rotary
fiberizing apparatus, and/or d) the spacing between the lower end of the forming tube
and the collection surface of the rotary collection drum 21. The horizontal cross
sectional areas of the forming tube 22 used to control fiber movement in the fiber veil
43 may include variations in the horizontal cross sectional areas along the height of the
forming tube to form diverging and converging sections along the height of the forming
tube, e.g. a forming tube that has upper and lower-diverging portions that are joined by
a converging mid-portion. Fiber movement in the fiber veil 43 is typically controlled to
slow the velocity and descent of the lesser diameter glass fibers toward the perforated
rotary collection drum: a) to provide more time for purposely changing the trajectory of
the fibers and fiber networks of the veil and thereby enable a better dispersion of the
fibers and fiber networks in the veil by the various fiber dispersion apparatus or
apparatuses used in the process and a reduction in the size and length of fiber
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networks formed in the veil; b) to require less collection airflow down through the
perforations of the rotary collection drum 21 to collect and retain the fibers and fiber
networks of the veil on the collection surface of the rotary collection drum 21; ¢) to pass
the fibers and fiber networks of the veil more slowly past the binder application
apparatus or apparatuses to improve the application of binder to the fibers and fiber
networks; and d) to ensure that the veil is made sufficiently turbulent to generate a
more even or uniform collection of the fibers and fiber networks of the veil on the
collection surface of the perforated rotary collection drum 21 for improved mat quality.
While a perforated rotary collection drum 21 is a preferred collection surface for
collecting the insulation mat 108, the collection surface for collecting the insulation mat
108 could also be formed by a continuous perforated conveyor belt or other collection
surface (not shown).

The lesser diameter glass fibers are collected on a collection surface of the
rotary collection drum 21 into an insulation mat 108 that is typically between 25 and 40
grams per square foot. The insulation mat 108 exhibits the following properties: a) the
insulation mat 108, with its binder uncured, exhibits sufficient strength to enable the -
insulation mat 108 to be suspended and accelerated without tearing while passing
through the surge loop 60 of the take-up station 12; b) when the insulation mat 108 is
pulled apart by longitudinally directed, opposing forces applied substantially equally to
the mat across the width of the mat, the mat separates across the width of the mat into
two mat sections at a separation that has generally straight, feathered edges extending
perpendicular to or substantially perpendicular to the longitudinal centerline of the mat
(perpendicular to the machine direction); and ¢) when the insulation mat 108 is
separated in accordance with b), the edges of the mat sections 110 formed by the mat
separation are not only feathered, but have no or substantially no fibrous stringers
(formed by fiber networks) extending beyond either of the feathered edges of the mat
sections 110 a distance greater than about four inches and typically no fibrous stringers
extending beyond either of the feathered edges df the mat sections 110 a distance
greater than about three inches. While it is preferred to have a single gravity surge
loop 60 in the take-up station 12 as shown in Figure 6 (rather than a plurality of surge
loops) to reduce the stresses applied to and any degradation of the insulation mat, it is
contemplated that the take-up station could have more than one surge loops.

After the insulation mat 108 is collected on the perforated rotary collection drum
21, the insulation mat 108 is fed through the surge loop 60 of the take-up station 12
where the insulation mat 108 is alternately suspended, accumulated, and then
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accelerated to accommodate the formation of the mat sections 110 in the mat section
forming station13 while the insulation mat 108 is continuously fed from the perforated
rotary collection drum into the take-up station 12. The mat section forming station 13
includes an upstream pair of pull and pinch rolls 61, a downstream pair of pull rolls 62
and a mat supporting plate or conveyor 63 intermediate the upstream pair of pinch rolls
61 and the downstream pair of pull rolls 62. The plate or conveyor 63 supports the
insulation mat 108 as the insulation mat is fed through the mat section forming station
13 from the upstream pair of pull and pinch rolls 61 to the downstream pair of pull rolls
62 and supports the mat sections 110 as the mat sections are formed in the mat
section forming station 13. The pair of pull and pinch rolls 61 and the pair of pull rolls
62 both extend transversely with respect to the machine direction (transversely with
respect to the longitudinal centerline of the insulation mat 108) and across the entire
width of the insulation mat 108 so that the pairs of rolls 61 and 62 grip the insulation .
mat 108 as it passes through the pairs of rolls across the entire width of the mat.
Periodically, the rotations of the pull and pinch rolls 61 are momentarily stopped and
the rolls 61 are brought together to pinch the mat 108 between the rolls 61 across its
entire width while the pair of pull rolls 62 continue to rotate, grip, and pull the insulation
mat 108. When this occurs the insulation mat 108 is pulled apart by longitudinally
directed, opposing forces applied substantially equally to the insulation mat 108 across
the entire width of the insulation mat by the nonrotating pair of pull and pinch rolls 61
and the rotating pair of pull rolls 62. These opposing forces cause the insulation mat
108 to separate at the nonrotating pair pull and pinch rolls 61 across the entire width of
the insulation mat 108. The separation of the insulation mat 108 at the nonrotating pair
of pull and pinch rolls 61 forms generally straight, feathered edges with no or
substantially no fibrous stringers (formed by fiber networks) extending beyond either of
the feathered edges a distance greater than about four inches and typically no fibrous
stringers (formed by fiber networks) extending beyond'either of the feathered edges a
distance greater than about three inches. When the process is in its normal continuous
operation, the feathered edge of the portion of the insulation mat 108 sepérated from
the upstream portion of the insulation mat 108 by the pull and pinch rolls 61 forms a
trailing feathered edge 112 of a mat section 110 formed in the mat section forming
station 13 and the feathered edge of the upstream portion of the insulation mat 108
gripped by the pull and pinch rolls 61 forms the leading feathered edge 114 of the next
mat section 110 formed in the mat section forming station 13.
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After being formed in the mat section forming station 13, the mat sections 110
are successively fed into the mandrel wrapping station 14 and spirally wrapped about
mandrels having generally cylindrical outer surfaces. The binder in the wrapped mat
sections 110 is then cured in the curing station 15 to form pieces of tubular pipe
insulation 120 with no longitudinally extending ridges and no or substantially no long
stringers on the internal or external surfaces of the product that would adversely affect
the product's insulating properties and/or appearance. The tubular pieces of pipe.
insulation 120 are then successively removed from the mandrels, slit longitudinally in
the pipe insulation slitting station 16, jacketed in the pipe insulation jacketing station 17
to form jacketed tubular pipe insulation assemblies 122, and packaged in the packaging
station 18 for storage, shipment, and handling. ‘

Figures 7 and 8 show a glass fiber mat section 110 formed by the process of
the subject invention. As shown in Figures 7 and 8, the glass fiber mat section 110 has
feathered trailing and leading edges 112 and 114. The trailing and leading edges 112
and 114 of the mat section 110 are generally straight and extend perpendicular to or
substantially perpendicular to the longitudinal centerline 116 of the mat section 110. In
addition, the trailing and leading edges 112 and 114 of the mat section 110 are
generally regular and have no or substantially no fibrous stringers extending beyond
either of the generally regular feathered edges of the mat section a distance greater
than about four inches and typically no fibrous stringers extending beyond either of the
generally regular feathered edges of the mat section a distance greater than about
three inches. With its generally straight and regular feathered edges with no long
fibrous stringers, when the mat section 110 is spirally wrapped about a mandrel having
a-generally cylindrical outer surface and the binder in the spirally wrapped mat section
is cured to form a piece of the tubular pipe insulation, there are no longitudinally
extending ridges and no or substantially no long stringers on the internal or external
surfaces of the product that adversely affect the product’'s insulating properties and/or
appearance.

Figure 9 shows a typical piece of tubular pipe insulation 120 and Figure 10
shows a typical jacketed tubular pipe insulation assembly 122 made by the process of
the subject invention. The jacketed tubular pipe insulation assembly 122 includes a
tubular piece of pipe insulation 120 and a jacket 124. The jacketed tubular pipe
insulation assembly 122 is commonly instalied on the pipes of hot and cold piping
systems to retard the flow of heat between the pipes of the system and the ambient
environment and conserve energy. The tubular piece of pipe insulation 120 of the
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jacketed tubular pipe insulation assembly 122 has a longitudinally extending slit 126,
formed in the slitting station 16, that passes completely through the tubular wall of the
pipe insulation on cne side and into the interior 'of and part of the way through the
tubular wall of the pipe insulation on the opposite side of the pipe insulation so that the
pipe insulation can be opened, passed over, and closed about a pipe. The jacket 124
of the jacketed pipe insulation assembly 122 is wrapped circumferentially about the
tubular piece of pipe insulation 120 so that the longitudinal edge portion 128 of the
jacket 124 and the ‘sealing tab 130 of the jacket extend adjacent, parallel to and on
opposite sides of the slit 126, but do not overlap the slit 126. Once the jacketed tubular
pipe insulation assembly 122 is placed on a length of pipe, the sealing tab 130 can be
placed over the slit 126 and adhesively sealed to the longitudinal edge portion 128 of
the jacket 124 to seal the jacketed pipe insulation assembly 122 about the pipe. The
tubular piece of pipe insulation 120 is jacketed to enhance the performance of the pipe
insulation (e.g. to retard the transmission of water vapor); to prevent the pipe insulation
from being exposed to contaminants; to make the pipe insulation more aesthetically
pleasing; to protect the pipe insulation from adverse climatic conditions; and to serve as
a means for securing and sealing the tubular pipe insulation assembly 122 in place on
the pipes of a piping system. The tubular piece of pipe insulation 120 and hence the
jacketed tubular pipe insulation assembly 122 typically range in length from about 36
inches (about 0.92 m) to about 48 inches (about 1.22 m), and range in outside diameter
between about 2 inches (about 50 mm) and about 23 inches (about 600 mm).

In describing the invention, certain embodiments have been used to illustrate
the invention and the practices thereof. However, the invention is not limited to these
specific embodiments as other embodiments and modifications within the spirit of the
invention will readily'occur to those skilled in the art on reading this specification. Thus,
the invention is not intended to be limited to the specific embodiments disclosed, but is
to be limited only by the claims appended hereto.
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What is claimed is:

1. A process of making a glass fiber mat for formation into tubular pipe

insulation, comprising:

utilizing a rotary glass fiberization apparatus comprising:

a spinner disc, the spinner disc having a round base and annular
peripheral sidewall extending upward from a peripheral edge of the base; the
annular peripheral sidewall having an upper annular edge portion, a lower
annular edge portion, and a mid-portion extending between the upper and lower
annular edge portions; the mid-portion of the sidewall having thousands of glass
fiberization holes therein between 0.016 and 0.035 inches in diameter;

drive means for rotating the spinner disc about a generally vertical axis of
rotation;

molten glass source means for introducing a molten glass into an interior
of the spinner disc and onto the base of ‘the spinner disc radially inward of the
annular peripheral sidewall of the spinner disc;

external combustion burner means for heating an annular heat bath
region with gases of combustion wherein the annular heat bath region extends
from the upper edge portion down through the mid-portion of the annular sidewall

of the spinner disc and extends radially outward from the sidewall of the spinner

disc substantially to an annular fluid attenuation region;

attenuation fluid emitting means for forcefully emitting an attenuating fluid
from above into the annular fluid attenuation region; the annular fluid attenuation
region being spaced radially outward from the spinner disc sidewall and
extending from the upper edge portion down through the mid-portion of the
annular sidewall of the spinner;
introducing molten glass from the molten glass source means, at a rale between

120 pounds per hour and 800 pounds per hour, into the interior of the spinner disc and

onto the base of the spinner disc radially inward of the annular periphera! sidewall of the

spinner disc; the molten glass having viscosity of at least 1000 poise at about 1900 °F

and a glass liquidus of about 1620 °F or greater;

rotating the spinner disc to centrifuge the molten glass through the glass

fiberization holes in the annular peripheral sidewall of the spinner disc to form primary
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glass fibers and to pass the primary fibers through the annular heat bath region into the
annular fluid attenuation region;

heating the annular heat bath region with gases of combustion from the external
combustion burner means to provide a net heat fiux into the primary glass fibers passing
through the annular heat bath region;

attenuating the primary glass fibers with the attenuating fluid emitted from the
attenuation fluid emitting means, forming lesser diameter glass fibers, having diameters
between 5 microns and 8 microns, in the annular fluid attenuation region, and directing
the lesser diamster glass fibers downward away from the spinner disc with the
attenuating fluid emitted from the attenuation fluid emitting means as a generally tubular
veil of the lesser diameter glass fibers and fiber networks formed from a portion of the
lesser diameter glass fibers;

dispersing the lesser diameter glass fibers of the tubular veil of lesser diameter
glass fibers by forcefully applying fluid onto the veil to reduce in length the fiber networks
formed from the lesser diameter glass fibers; ‘

applying binder to the lesser diameter glass fibers; and

collecting the lesser diameter glass fibers into an insulation mat having a iength
and a width; the mat having a physical property that when the mat is pulled apart by
longitudinally directed, opposing forces applied substantially equally to the mat écross
the width of the mat, the mat separates across the width of the mat into two mat sections
at a separation that has feathered edges with substantially no fibrous stringers extending
beyond either of the feathered edges for a distance greater than about four inches.

2. The process of making glass fiber mat according to claim 1, comprising:
collecting the lesser diameter glass fibers into an insulation mat that weighs
between 25 and 40 grams per square foot.

3. The process of making glass fiber mat according to claim 1, comprising:
centrifuging the molten glass through the glass fiberization holes in the sidewall
of the spinner disc at a rate that is between 0.015 and 0.060 pounds per hour per glass

fiberization hole.

4. The process of making glass fiber mat according to claim 1, comprising:
centrifuging the molten glass through the glass fiberization holes in the sidewall
of the spinner disc with a force between 900 and 1300 G's.

2
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5. The process of making glass fiber mat according to claim 1, wherein:

an upper region of the mid-portion of the annular sidewall of the spinner disc has
larger diameter holes than a lower region of the mid-portion of the annular sidewall of the
spinner disc and fewer holes per unit area than the lower region of the mid-portion of the

annular sidewall of the spinner disc.

B. The process of making glass fiber mat according to claim 5, wherein:

the annular sidewall of the spinner disc has circumferentially spaced-apart bands,
without fiberization holes therein, extending between the upper portion and the lower
portion of the annular sidewall of the spinner disc for strengthening the annular sidewall

of the spinner disc.

7. The process of making glass fiber mat according to claim 1, comprising:
emitting gases of combustion from the external combustion burner means into the

annular heat bath region at a temperature of 2100 °F or above.

8. The process of making glass fiber mat according to claim 7, comprising:

injecting oxygen into and combusting the oxygen in the annular fluid attenuation
region to obtain a relatively high, localized temperature increase in a portion of the
annular fluid attenuation region where there are high rates of shear attenuating the
primary glass fibers into the lesser diameter glass fibers.

9. The process of making glass fiber mat according to claim 1, comprising:

injecting oxygen into and combusting the oxygen in the annular fluid attenuation
region to obtain a relatively high, localized temperature increase in a portion of the
annular fluid attenuation region where there are high rates of shear attenuating the
primary glass fibers into the lesser diameter glass fibers.

10.  The process of making glass fiber mat according to claim 1, comprising:

injecting oxygen into and combusting the oxygen in the annular fluid attenuation
region from above the annular fluid attenuation region with a gas emitting means located
closer to the axis of spinner rotation than the attenuation fluid emitting means to effect a

relatively high localized temperature increase in a portion of the annular fluid attenuation
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region where there a\re high rates of shear attenuating the primary glass fibers into the

lesser diameter glass fibers.

11.  The process of making glass fiber mat according to claim 1, comprising:

emitting the attenuating fluid from the attenuation fluid emitting means into the
annular fluid attenuation region at alternating angles and/or in a non-uniform pattern to
disperse the lesser diameter glass fibers and reduce in length the fiber networks formed

from the lesser diameter glass fibers.

12. The process of making glass fiber mat according to claim 1, comprising:

emitting the attenuating fluid from the attenuation fluid emitting means into the
annular fluid attenuation region in a non-uniform pattern to disperse the lesser diameter
glass fibers and reduce in length the fiber networks formed from the lesser diameter

glass fibers.

13. The process of making glass fiber mat according to claim 1, comprising:

containing heat within the annular heat bath region and the annular fluid
attenuation region with barrier means located above the annular heat bath region and
the annular fluid attenuation region and radially outward from the spinner axis of rotation

relative to the annular fluid attenuation region.

14, The process of making glass fiber mat according to claim 1, comprising:

dispensing a fuel mixture having less oxygen than required for full combustion of
the fuel into the interior of the spinner disc and heating the interior of the spinner disc
and, by fuel spill over, a region over and adjacent the spinner disc through the

combustion of the fuel mixture and fuel of the fuel mixture.
15, The process of making glass fiber mat according to claim 1, comprising:
heating the spinner base from below the spinner base through inductive heating.

16. The process of making glass fiber mat according to claim 1, comprising:
insulating a bottom side of the spinner base to retain heat in the spinner base.

17. The process of making glass fiber mat according to claim 1, wherein:
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the binder is applied to the lesser diameter glass fibers of the tubular veil of lesser
diameter glass fibers from within and/or outside of the tubular veil.

18.  The process of making glass fiber mat according to claim 1, comprising:

the binder is forcefully applied to the lesser diameter glass fibers of the tubular
veil of lesser diameter gléss‘ fibers from within and/or outside of the tubular veil to apply
binder to the lesser diameter glass fibers, disperse the lesser diameter glass fibers, and
reduce in length the fiber networks formed from the lesser diameter glass fibers.

19.  The process of making glass fiber mat according to claim 1, comprising:

dispersing the lesser diameter glass fibers of the tubular veil of lesser diameter
glass fibers by forcefully applying fluid onto the veil from within and/or outside of the veil
to disperse the lesser diameter glass fibers and reduce in length the fiber networks
formed from the lesser diameter glass fibers.

20. The process of making glass fiber mat according to claim 1, wherein:
the molten glass having a viscosity of at least 1000 poise at about 1950 °F.

21.  The process of making glass fiber mat according to claim 1, comprising:

slowing the velocity of the lesser diameter glass fibers in the tubular veil of lesser
diameter glass fibers intermediate the annular fluid attenuation region and a rotary
collection drum where the lesser diameter glass fibers are collected to form the insulation

mat.

22. The process of making glass fiber mat according to claim 1, comprising:

slowing the velocity of the lesser diameter glass fibers in and creating turbulence
in the tubular veil of lesser diameter glass fibers intermediate the annular fluid
'attenuation region and a rotary collection drum where the lesser diameter glass fibers
are collected to form the insulation mat by passing the tubular veil of lesser diameter
glass fibers through a forming tube located intermediate the annular fluid attenuation
region and the rotary collection drum that has an upper end below the annular fluid
anenuétion region, a lower end above the rotary collection drum, and a transverse cross
section that varies intermediate the upper and lower ends of the forming tube and is least
intermediate the upper and lower ends of the forming tube.

5
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23. A process of making tubular pipe insulation, comprising:
utilizing a rotary glass fiberization apparatus comprising:

a spinner disc, the spinner disc having a round base and annular
peripheral sidewall extending upward from a peripheral edge of the base; the
annular peripheral sidewall having an upper annular edge portion, a lower
annular edge portion, and a mid-portion extending between the upper and lower
annular edge portions; the mid-portion of the sidewall having thousands of glass
fiberization holes therein between 0.016 and 0.035 inches in diameter;

drive means for rotating the spinner disc about a generally vertical axis of
rotation;

molten glass source means for introducing a molten glass into an interior
of the spinner disc and onto the base of the spinner disc radially inward of the
annular peripheral sidewall of the spinner disc;

external combustion burner means for heating an annular heat bath
region with gases of combustion wherein the annular heat bath region extends
from the upper edge portion down through the mid-portion of the annular sidewall
of the spinner disc and extends radially outward from the sidewall of the spinner
disc substantially to an annular fluid attenuation region;

attenuation fluid emitting means for forcefully emitting an attenuating fluid
from above into the annular fluid attenuation region; the annular fluid attenuation
region being spaced radially outward from the spinner disc sidewall and
extending from the upper edge portion down through the mid-portion of the
annular sidewall of the spinner;
introducing molten glass from the molten glass source means, at a rate between

120 pounds per hour and 900 pounds per hour, into the interior of the spinner disc and

onto the base of the spinner disc radially inward of the annular peripheral sidewall of the

spinner disc; the molten glass having viscosity of at least 1000 poise at about 1900 °F

and a glass liquidus of about 1620 °F or greater,

rotating the spinner disc to centrifuge the moiten glass through the glass

fiberization holes in the annular peripheral sidewall of the spinner disc to form primary

glass fibers and to pass the primary fibers through the annular heat bath region into the

annular fluid attenuation region;

SURSTITUTE SHEET (RULE 26)
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heating the annular heat bath region with gases of combustion from the external
combustion burner means to provide a net heat flux into the primary glass fibers passi'ng
through the annular heat bath region;

attenuating the primary glass fibers wﬁh the attenuating fluid emitted from the
attenuation fluid emitting means, forming lesser diameter glass fibers, having diameters
between 5 microns and 8 microns, in the annular fluid attenuation region, and directing
the lesser diameter glass fibers downward away from the spinner disc with the
attenuating fluid emitted from the attenuation fluid emitting means as a generally tubular
veil of the lesser diameter glass fibers and fiber networks formed from a portion of the
lesser diameter glass fibers;

dispersing the lesser diameter glass fibers of the tubular veil of lesser diameter
glass fibers by forcefully applying fluid onfo the veil to reduce in length the fiber networks
formed from the lesser diameter glass fibers;

collecting the lesser diameter glass fibers into an insulation mat having a length
and a width; the mat having a physical property that when the mat is pulled apart by
fongitudinally directed, opposing forces applied substantially equally to the mat across
the width of the mat, the mat separates across the width of the mat into two mat sections
at a separation that has feathered edges with substantially no fibrous stringers extending
beyond either of the feathered edges for a distance greater than about four inches;

pulling the mat apart by longitudinally directed, opposing forces applied
substantially equally to the mat across the width of the mat and separating the mat
separates across the width of the mat into a leading mat section and a trailing mat
section; and

wrapping the leading mat section about a mandrel having a generally cylindrical
outer surface to form a tubular piece of pipe insulation.
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