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WOVEN HYBRID REINFORCING MESH FOR INTUMESCENT PASSIVE FIRE PROTECTION
PAINT

Technical Field
The present description relates to a novel woven hybrid ceramic reinforcing mesh

that can be used in a reinforcing system for a passive fire protection paint (PFPP).

Background

Fires in confined spaces, such as tall buildings, etc., are serious dangers and may 10 threaten our
lives. In order to resolve the problem, there is a growing need for fire protection paint. A passive fire
protection paint (PFPP), which is a type of special paints, is used to prevent a hydrocarbon fire from
being propagated into the inner part of the metal substrate in case of a fire. Further, the PFPP expands by
it is exposed to fire to protect a structure from the fire for a certain time and to prevent a poisonous gas
that is generated when the structure burns so that people can gain evacuation time. Accordingly, the PFPP
is widely used in the fields of offshore, skyscrapers, chemical plants and refineries.

For example, a reinforcing system using the PFPP is configured such that a primer is applied on a
metal substrate; an intumescent epoxy layer is formed and a mesh is disposed as a mid coat; and an
intumescent epoxy layer is applied thereon again. The objective of such a reinforcing system is to prevent
the creep of an intumescent epoxy coating layer, the generation of a fissure or the propagation of a crack
in case of a fire. At this time, the mesh performs a role of a matrix of a passive fire protective paint
coating.

Meanwhile, for a reinforcing layer mesh for the PFPP, a conventional glass fiber or a
combination of a carbon fiber and a glass fiber was used. However, the glass fiber could not provide a
proper reinforcing effect in flames because it has a low melting point. Moreover, when the manufactured
mesh was conveyed or cut, the mesh did not maintain its shape, which resulted in dewinding, i.e.,

handling problems, such as transferring and cutting (see Fig. 1).

Summary

In some embodiments, reinforcing meshes of the present description resolve the aforesaid
problems, the present description provides a novel woven hybrid reinforcing mesh, wherein a hybrid
mesh is woven by using a ceramic fiber having high operating temperature and breaking load and high
intensity in combination with a glass fiber having flexibility, and a small amount of a certain adhesive is
sprayed on a surface of the mesh to increase mechanical property and solidity and to enhance ease of
handling, such as storing, transferrring and cutting, in comparison to the conventional hybrid mesh.

The present description provides a woven hybrid reinforcing mesh comprising a woven hybrid

mesh having a surface and comprising a plurality of ceramic fibers and a plurality of glass fibers; and an



WO 2015/084739 PCT/US2014/067963
adhesive layer on at least a portion of the surface of the woven hybrid mesh. It is preferable that the
woven hybrid reinforcing mesh is used in a reinforcing layer for an intumescent fire protection paint.

According to an embodiment of the present description, the hybrid mesh may be leno weave
fabric with cells having a shape selected from square and rectangular. More preferably, a plurality of
major cells and a plurality of minor cells are included in the hybrid mesh. The major cells are sectored by
a major weft and a major warp intersecting with each other, wherein the major weft and major warp are
comprised of the ceramic fiber. The minor cells may be formed by a minor weft and a minor warp
intersecting with the major cell, wherein the minor weft and minor warp are comprised of the glass fiber.

A dimension of the major cell 5 and the minor cell may be in the range of 22 mm x 22 mm and
9mm x 9mm. The cell size ratio of the major cell to the minor cell may be from 1.5:1 to 2.5:1, preferably
2:1.

According to another embodiment of the present description, it is preferable that an use
temperature of the ceramic fiber may range between 1100 C and 1300TC.

According to another embodiment of the present description, it is preferable that the ceramic fiber
has a composition comprising at least 60% of Al>Os. Further, it is preferable that the glass fiber comprises
at least two types of glass fibers having different thicknesses, which are used as weft and warp,
respectively.

According to another embodiment of the present description, it is preferable that the woven
hybrid mesh further comprises a fiber selected from the group consisting of a cotton fiber, a polyester
fiber and a nylon fiber.

According to another embodiment of the present description, it is preferable that the adhesive
layer is made of an adhesive selected from the group consisting of urethane-based adhesive, polyvinyl
alcohol (PVA)-based adhesive, acryl-based adhesive and epoxy-based adhesive. Further, the amount of
the adhesive may range between 20 g/m” and 40 g/m*.

The present description can provide a woven hybrid reinforcing mesh having superior mechanical
property and solidity by using a hybrid mesh woven by using a ceramic fiber having high operating
temperature and breaking load and high intensity in combination with a glass fiber having flexibility and
low modulus.

Further, ease of handling, such as storing, transferring and cutting of the mesh, can be remarkably

enhanced by spraying a small amount of adhesive on the hybrid mesh surface.

Brief Description of the Drawings

Fig.1 is a photograph illustrating a conventional hybrid mesh.

Fig. 2 is a cross-sectional view of a woven hybrid reinforcing mesh.
Fig. 3 is a cross-sectional view of a magnified hybrid reinforcing.
Fig. 4 is a cross-sectional view of a woven hybrid reinforcing mesh.

Fig. 5 is a photograph illustrating a woven hybrid reinforcing mesh.
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Detailed Description

The present description provides a woven hybrid ceramic reinforcing mesh that can be used in a
reinforcing system for a passive fire protection paint (PFPP).

To this end, the present description is characterized by weaving a hybrid mesh using a ceramic
fiber and a glass fiber; and spraying a small amount of adhesive on the surface of the woven mesh.

With high operating temperature and breaking load and high intensity, the ceramic fiber can
increase the mechanical property and solidity to enhance physical and structural reinforcement of the
hybrid mesh. Further, with high flexibility and low modulus, the glass fiber can increase weaving-ability
and processibility of the hybrid mesh.

Additionally, the adhesive layer formed on the hybrid mesh can remarkably improve handling of

the mesh, such as storing, transferring and cutting,

Woven hybrid reinforcing mesh

The woven hybrid reinforcing mesh of the present description comprises a woven hybrid mesh
having a surface and comprising a plurality of ceramic fibers and a plurality of glass fibers; and an
adhesive layer on at least portion of the surface of the woven hybrid mesh.

Herein, the woven hybrid mesh is used as a reinforcing layer for an intumescent fire protection
paint, and thus, promotes reinforcement of the structure of the PFPP reinforcing system and prevents the
creep in an intumescent epoxy coating layer and the propagation of a crack when the temperature rises by
fires.

Provided below is a detailed description of the woven hybrid reinforcing mesh in accordance with
an embodiment of the present description by referring to the attached drawings.

Referring to Fig. 2, it is preferable that the hybrid mesh is leno weave fabric with cells having a
shape selected from square and rectangular.

More specifically, referring to Fig. 3, it is preferable that the hybrid mesh comprises a plurality of
major cells (M) and a plurality of minor cells (M2), wherein the major cells (M) are sectored by a major
weft and a major warp intersecting with each other, in which the major weft and major warp are
comprised of the ceramic fiber; and the minor cells (M) may be formed by a minor weft and a minor
warp intersecting with the major cell (M;), in which the minor weft and minor warp are comprised of a
glass fiber.

In the present description, the dimensions of the major cell (M) and the minor cell (M») are not
specifically limited, but may be in the range of 22 mm x 22 mm and 9mm x 9mm. Specifically, the
dimensions of the major cell M) and the minor cell (M») may range respectively in approximately 20+£2 x
20+2 mm®* and 101 x 10£1 mm?, preferably, 20x20 mm?” and 10x10 mm?®. Further, the cell size ratio of
the major cell (M) to the minor cell (M2) may be 1.5 - 2.5 : 1, preferably 2 : 1.

The size of the major cell (M) comprised of the ceramic fiber is preferably 20+2 x 20+2 mm?,
When the size of the major cell is larger than the afore-mentioned range, it would be difficult to predict a
proper fire resistant effect due to an excessive expansion of the epoxy layer and the generation of a crack

in case of a fire. When the size of the major cell is smaller than the afore-mentioned range, the major cell
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would be closely formed per unit area, which may result in the raise in unit cost and the lowered
impregnation for an epoxy layer. Further, the size of the minor cell (M) is defined as 10+1 x 10+1 mm?
in order to avoid difficulties in handling and constructing, which may occur due to the excessively wide
space of the major cell (M;).

One of the components of the woven hybrid mesh may be a conventional ceramic fiber known in
the art.

In order that the leno weave cells constituting the hybrid mesh are stably maintained at a very
high temperature, it is important to use a high temperature heat resistant ceramic fiber of which heat
resistance can be maintained up to about 1200 C. Actually, a ceramic fiber has an use temperature higher
than a conventional glass fiber or a carbon fiber, and thus, can faithfully perform a role of a matrix of the
PFPP reinforcing system by continuously maintaining the structure stability of the leno weave cells even
in case of a fire.

In the present description, the use temperature of the ceramic fiber may range between 1100 and
1300 C, preferably, 1150 and 1250 C. Herein, the term “use temperature” refers to a temperature range in
which the ceramic fiber can be used while stably maintaining its intrinsic property without change or
decomposition of the material.

Further, it is preferable that the ceramic fiber has a composition comprising at least 60% of
AlOs. More specifically, it is preferable that the composition ratio comprises 60-65% of alumina (AL,O3),
20-28% of silica (Si02) and 10-15% of boria (B203), but the ceramic fiber is not defined only by the
aforesaid composition ratio.

In order to secure excellent wetting property in the PFPP reinforcing system, it is preferable that
the woven hybrid reinforcing mesh has a thickness as thin as possible. Since roving is in the fiber form of
not being twisted, it can contribute to a thinner structure as compared to other fabric styles. Accordingly,
it is preferable that the ceramic fiber is roving yarn. Herein, the term “roving” is defined as a slack
assembly of fibers in a single strand without twist.

In the present description, the ceramic fiber comprises two types of ceramic fibers having the
same thickness, which are preferably used as weft and warp, respectively. For example, the ceramic fiber
may have a thickness of 900 denier, wherein denier may be defined as grams per 900 meter.

Based on the aforesaid description, it is preferable to use 3M Nextel™ 312 as the ceramic fiber.
For example, a specific composition of 3M Nextel™ 312 comprises 62.5% of alumina (AL,Os), 24.58% of
silica (Si0,) and 13.0% of boria (B,0s), and the continuous operating temperature is 1,204 C, which is
sufficiently higher than the usual temperature in case of a fire. Further, commercially available Nextel™
312-style fibers have the same operating temperature, and thus, it is more preferable for the denier to have
a lower grade, which results in sufficiently securing breaking load. In consideration of price and
performance, it is preferable to use 900 Denier 312 Roving (see Table 1 below).

Meanwhile, another component of the hybrid mesh may be a conventional glass fiber known in

the art.
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Since a ceramic fiber has a high modulus, it is difficult to constitute a hybrid mesh in a leno
weave shape solely with a ceramic fiber. Accordingly, when a ceramic fiber is used in combination with a
glass fiber having high flexibility and low modulus tension, an excellent processibility in weaving and
knitting can be provided to constitute the hybrid mesh. Herein, the modulus is generally used to mean an
clastic constant for tension.

For available glass fibers, conventional glass fibers known in the art may be used without
restriction. Non-limiting examples of the glass fibers that may be used in the present description include
E-glass fiber, A-glass fiber, C-glass fiber, D-glass fiber, r-glass fiber, S-glass fiber, E-glass fiber
derivatives, or a mixture of at least one thereof. They may be used alone or in combination of two or
more.

In the present description, the glass fiber comprises at least two types of glass fibers having
different thicknesses, which are preferably used as weft and warp, respectively. In consideration of the
mechanical property, price and weaving-ability, it is preferable to use 2700 Denier weft glass fiber in
combination of 1200 Denier warp glass fiber. Generally, the density of weft is lower than the density of
warp in most cases. Thus, it is preferable to use a yarn having a thick thickness as weft.

Further, it is preferable that the glass fiber uses roving yarn to secure superior wetting property in
the PFPP reinforcing system by making the thickness of the woven hybrid reinforcing mesh to be thin.

The thickness of the hybrid mesh may range between 0.8 mm and 2.0 mm, preferably, between
1.0 mm and 1.5 mm.

In addition to the aforesaid ceramic fiber and glass fiber, the hybrid mesh may further comprise a
cotton fiber (D), as shown in Figs. 3 and 4, in order to increase weaving-ability. Such cotton fiber can be
used as warp in order to improve integrity of the hybrid mesh structure.

In addition to the aforesaid cotton fiber, the hybrid mesh can further comprise a polyester fiber
and a nylon fiber. These fibers are additionally included in order to enhance weaving-ability, because the
glass fiber does not combine well with the ceramic fiber. However, the additional fibers are not limited to
the aforesaid fibers. Although sufficient weaving-ability of the mesh can be obtained solely with the
ceramic fiber and the glass fiber, the weaving-ability can be more enhanced by using the ceramic fiber
and the glass fiber in combination with the aforesaid organic fibers.

Meanwhile, upon comparison with the conventional mesh comprised of the carbon fiber and the
glass fiber, the woven hybrid reinforcing mesh comprised of the ceramic fiber and the glass fiber may
have a problem in maintaining a superior cell structure. For example, there may be handling difficulties
when dewinding, storing, transferring or cutting the fiber. In the present description, each of handling the
woven hybrid reinforcing mesh can be improved by forming a small amount of adhesive layer on the
surface of the hybrid mesh.

For the adhesive comprised of the adhesive according to the present description, a conventional
component known in the art can be used without restriction, particularly a fast curable adhesive is

preferable.
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Non-limiting examples of the adhesive that may be used include urethane-based adhesive, acryl-
based adhesive, polyvinyl alcohol (PVA)-based adhesive, epoxy-based adhesive or a mixture of at least
one thereof.

There is no particular limitation in a method for forming the adhesive layer, as long as an
adhesive has to be formed on the woven hybrid mesh. Such method includes a spray-coating method, a
painting method and a dipping method. Among them, the spray method is preferable, because it is
possible to apply an adhesive in a uniform and proper amount. For example, an adhesive layer can be
formed by spraying an adhesive on the hybrid mesh immediately after weaving. As a result, the mesh can
maintain its lattice form and can be fixed. Accordingly, the woven hybrid reinforcing mesh is easy in
transferring or cutting.

The spray amount of the adhesive is not specifically limited, but may range between 20 g/m* and
40 g/m?, preferably, between 25 g/m* and 35 g/m”. Further, the amount of the adhesive applied on the
hybrid reinforced mesh surface due to spraying may range between 5 and 15 g/m?, preferably, between 8
g/m? and 12 g/m?,

Meanwhile, the woven hybrid reinforcing mesh can satisfy various physical properties required in
the PFPP reinforcing system by variously changing the constitution of the fibers constituting the
aforementioned mesh and the composition ratio thereof.

The woven hybrid reinforcing mesh may largely have two embodiments. However, the present
description is not limited to the embodiments presented below, but various modifications and applications
are possible based on need.

Fig. 2 is a cross-sectional view illustrating the first embodiment of the hybrid reinforcement
mesh.

Herein, the woven hybrid reinforcing mesh is woven by comprising a plurality of ceramic
fibers(A) and a plurality of glass fibers (B), and comprises an adhesive layer (not shown) formed on the
woven hybrid mesh.

Fig. 4 is a cross-sectional view illustrating the second embodiment of the woven hybrid
reinforcing mesh.

Herein, the woven hybrid reinforcing mesh is woven by comprising a plurality of ceramic fibers
(A), a plurality of glass fibers (B, C) and a cotton fiber (D), and comprises an adhesive layer (not shown)
formed on the woven hybrid mesh.

Meanwhile, the woven hybrid reinforcing mesh may be prepared by various methods for
preparing a mesh known in the art. For example, a hybrid mesh is woven by any proper type of weaving
method using a plurality of ceramic fibers; a plurality of glass fibers; and selectively a cotton fiber, a
polyester fiber or a nylon fiber as needed, and then, an adhesive is sprayed on the mesh surface and dried,

thereby preparing a woven hybrid reinforcing mesh.

Reinforcing System for Passive Fire Protection Paint (PFPP)
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The present description provides a reinforcing system for a passive fire protection paint (PFPP)
comprising the aforesaid woven hybrid reinforcing mesh.

According to a preferable example, the reinforcing system for the passive fire protection paint
(PFPP) comprises: (a) a metal substrate; (b) an intumescent fire protection paint resin layer (e.g., first
epoxy resin layer) formed on the metal substrate; (¢) a woven hybrid reinforcing mesh disposed on the
first epoxy resin layer in a matrix form; and (d) an intumescent fire protection paint resin layer (e.g.,
second epoxy resin layer) formed on the hybrid mesh.

Herein, the component and amount of the intumescent fire protection paint are not specifically
limited. A conventional intumescent fire protection paint known in the art can be properly used within a
conventional range.

The reinforcing system for PFPP is used to protect a structure from the flame, e.g., in the fields of
construction, plant and vessel, more particularly, in the fields of interior and exterior materials of tall
buildings, chemical plants and hydrocarbon processing facilities, hydrocarbon storage facilities and
refineries, such as gas platforms.

For example, when the woven hybrid reinforcing mesh is applied to the field of construction or
plant, weaving-ability can be increased by adding a cotton fiber. When the woven hybrid reinforcing
mesh is applied to the field of vessel, since cotton may absorb seawater, it is preferable to use the hybrid
mesh woven by comprising a ceramic fiber and a glass fiber, wherein an adhesive layer 5 is formed on the
woven hybrid mesh.

The below examples and experimental examples merely present a embodiments, and the scope of

the claims is not limited by the examples and experimental examples below.

Materials and Physical Properties
The physical properties of the ceramic fiber and the glass fiber used are show in Table 1 and

Table 2 below.

Table 1
JAEY Sereel™ Roviig 33~ Tepios] Properiisg Codars
Roving FKentdgd Breaking Laad®
Filamens Conwd HEN
i“*
14

Table 2
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Example 1. Preparation of Woven hybrid reinforcing mesh

As a ceramic fiber, 900 Denier Nextel™ 312 Roving was used. Further, in terms of price-
competitive mesh structure, commercially available glass fibers manufactured from Corning Co. or
Hankook Fiber Co. were selected. In consideration of mechanical properties, price and weaving-ability,
2700 denier weft glass roving and 1200 denier warp glass roving were used.

A normal weaving machine only for medical thread is unavailable. In order to weave a ceramic
fiber having high modulus, a specifically manufactured DORNIER weaving machine must be used. The
maximum weaving size of the DORNIER weaving machine is 210 cm in width, the weaving speed is
160-180 rpm, and the maximum number of bobbins is 800. In order to manufacture the woven hybrid
reinforcing mesh, a total of 728 bobbins was used on the basis of the maximum width of 2 m, including
182 bobbins for Nextel 312, 182 bobbins for glass fiber, and 364 bobbins for cotton thread.

After leno weaving by using the aforesaid ceramic fiber, glass fiber and cotton fiber (20 cotton
yarn number), 30 g/m* of PVA adhesive [Hanil Chemical Lnd Co. Ltd., CAS No. 9002-89-5] was sprayed
on the woven mesh of 1 lube per unit area (1m x 1m), and then the adhesive passed through a continuous
oven having a length of 3m at 30 C. A woven hybrid reinforcing mesh was prepared through drying by
air from the end portion of the oven.

The present description performed passing through a continuous oven at 150 C by considering
the length of the continuous oven, fast curing of an adhesive and the resulting improvement of
workability, but is not limited specifically thereto. It is also possible to cure the adhesive at room
temperature or at temperatures ranging from 50° to 60°. The photograph of the finally manufactured

hybrid mesh is shown in Fig. 5.

Experimental Example 1. Evaluation of Physical Property of the Woven hybrid reinforcing
mesh
Fire Resistance was tested by using the steel beam and steel column of the structure manufactured

using the woven hybrid reinforcing mesh prepared in Example 1.
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The following is an official test report from the Korea Institute of Construction Technology in

PCT/US2014/067963

order to prove the fire resistance of the woven hybrid reinforcing mesh. The woven hybrid reinforcing

mesh is superior in the testing items.

No. 2013-209

Public Announcement

It is publicly announced that pursuant to Article 3(viii) of the Regulations of the Standards for the

Egress and the Fire Protection of Buildings and the Recognition and Management Standards of the

Fire Protection Structure (Notification No. 2012-625 of the Ministry of Land, Infrastructure, and

Transport), the fire protection structure is recognized as set forth below.

April 15,2013

President of the Korea Institute of Construction Technology

Recognition of Fire Protection Structure

1. Recognized Content

Recognition Product Name | Name of Fire | Fire Protection | Thickness of Part for Use
No. Protection Performance Application
Structure
BP13-0415-1 FIREMASK FIREMASK 3 hours Atleast 16.90 | Steel beam of
3000 (Beam) building
CP13-0415-2 FIREMASK FIREMASK 3 hours At least 17.40 Steel column
3000 (Beam) of building

2. Recognized Company: KCC Corporation (President: Mong-Ik Chung)

3. Factory Location: #1234, Bangeo-dong, Dong-gu, Ulsan

(Bangeojin Ring Road 30, Dong-gu, Ulsan)
4. Expiry Date: April 4, 2016
5. Detailed Recognized Content: See the book attached to the Written Recognition.

13-42.43
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What is claimed is:

1. A woven hybrid reinforcing mesh for an intumescent passive fire protection paint, comprising:
a woven hybrid mesh having a surface and comprising a plurality of ceramic fibers and a plurality
of glass fibers; and

an adhesive layer on at least a portion of the surface of the woven hybrid mesh.

2. The woven hybrid reinforcing mesh according to Claim 1, wherein the woven hybrid mesh is a

leno weave fabric with cells having a shape selected from square and rectangular.

3. The woven hybrid reinforcing mesh according to Claim 1, wherein the woven hybrid mesh
comprises a plurality of major cells and a plurality of minor cells;

in which the major cells are sectored by a major weft and a major warp intersecting with each
other, wherein the major weft and major warp are comprised of the ceramic fiber; and

the minor cells are formed by a minor weft and a minor warp intersecting with the major cell, in

which the minor weft and minor warp are comprised of the glass fiber.

4. The woven hybrid reinforcing mesh according to Claim 3, wherein the dimensions of the major

cell and the minor cell are in the range of 22mm x 22mm and 9mm x 9mm.

S. The woven hybrid reinforcing mesh according to Claim 3, wherein the cell size ratio of the major

cell to the minor cell is from 1.5:1 to 2.5:1.

6. The woven hybrid reinforcing mesh according to Claim 1, wherein the ceramic fibers is a roving
yarn.
7. The woven hybrid reinforcing mesh according to Claim 1, wherein an use temperature of the

ceramic fiber ranges between 1100 C and 1300 C.

8. The woven hybrid reinforcing mesh according to Claim 1, wherein the ceramic fiber has a

composition comprising at least 60% of ALOs.

9. The woven hybrid reinforcing mesh according to Claim 1, wherein the glass fiber comprises at

least two types of glass fibers having different thicknesses.

10. The woven hybrid reinforcing mesh according to Claim 1, wherein the woven hybrid mesh
further comprises a fiber selected from the group consisting of a cotton fiber, a polyester fiber and a nylon

fiber.

10
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11. The woven hybrid reinforcing mesh according to Claim 1, wherein the woven hybrid mesh has a
thickness of from 0.8 mm to 2.0 mm.
12. The woven hybrid reinforcing mesh according to Claim 1, wherein the adhesive layer comprises

an adhesive selected from the group consisting of a urethane-based adhesive, a polyvinyl alcohol (PVA)-

based adhesive, an acryl-based adhesive and an epoxy-based adhesive.

13. The woven hybrid reinforcing mesh according to Claim 1, wherein the amount of the adhesive

ranges between 20 g/m” and 40 g/m>.

11
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