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(57) ABSTRACT 

A non-woven mat may be generated using synthetic wood 
pulp and short glass fibers. The non-woven mat may be made 
in verythin, lightweight configurations for various uses. The 
synthetic wood pulp may serve as a dispersant to disperse the 
glass fibers in a mixture prior to using paper making tech 
niques to form the mat. A heat flux may bind the glass fibers 
by melting the synthetic wood pulp to form a mat. The mat 
may be calendered. In some embodiments, the mat may have 
a secondary application of a polymer, such as PVDF or 
PMMA which may further strengthen the mat. 
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GLASS MAT WITH SYNTHETIC WOOD PULP 

BACKGROUND 

0001. Non-woven mats are used in many applications, 
Such as battery separators that may be placed between elec 
trodes in various types of batteries. In some battery applica 
tions, very thin mats may be useful to increase battery per 
formance. Other applications may also benefit from non 
woven mats as well. 

SUMMARY 

0002. A non-woven mat may be generated using synthetic 
wood pulp and short glass fibers. The non-woven mat may be 
made in very thin, light weight configurations for various 
uses. The synthetic wood pulp may serve as a dispersant to 
disperse the glass fibers in a mixture prior to using paper 
making techniques to form the mat. A heat flux may bind the 
glass fibers by melting the synthetic wood pulp to form a mat. 
The mat may be calendared. In some embodiments, the mat 
may have a secondary application of a polymer, Such as 
PVDF or PMMA which may further strengthen the mat. 
0003. This Summary is provided to introduce a selection 
of concepts in a simplified form that are further described 
below in the Detailed Description. This Summary is not 
intended to identify key features or essential features of the 
claimed subject matter, nor is it intended to be used to limit 
the scope of the claimed subject matter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0004. In the drawings, 
0005 FIG. 1 is a flowchart illustration of an embodiment 
showing a method for manufacturing a mat. 

DETAILED DESCRIPTION 

0006 Amat may be formed from short glass fibers bound 
by a synthetic wood pulp. The synthetic wood pulp may act as 
both a dispersant to help keep the glass fibers from clumping 
prior to mat forming, as well as a binder to bind the glass 
fibers together after mat forming. 
0007. The synthetic wood pulp may be a polyolefin, poly 
ethylene or polypropylene fibrous material that may have a 
high moisture content when mixed with short glass fibers in a 
liquid carrier. In many cases, the liquid carrier may be water 
which may or may not have a thickening agent added. The 
mixture may be mixed or processed to disperse the glass 
fibers and synthetic wood pulp, then a non-woven glass mat 
may be formed by passing the mixture through a screen to 
deposit the fibers. 
0008. Once a mat has been formed, the mat may be heat 
stabilized to bind the glass fibers using the synthetic wood 
pulp. The mat may be Subsequently processed using calen 
dering, additional heat treatments, and additional polymer 
coatings. 
0009 Specific embodiments of the subject matter are used 

to illustrate specific inventive aspects. The embodiments are 
by way of example only, and are susceptible to various modi 
fications and alternative forms. The appended claims are 
intended to cover all modifications, equivalents, and alterna 
tives falling within the spirit and scope of the invention as 
defined by the claims. 
0010 Throughout this specification, like reference num 
bers signify the same elements throughout the description of 
the figures. 
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0011 When elements are referred to as being “connected 
or “coupled, the elements can be directly connected or 
coupled together or one or more intervening elements may 
also be present. In contrast, when elements are referred to as 
being “directly connected” or “directly coupled, there are no 
intervening elements present. 
0012 FIG. 1 is a flowchart diagram of an embodiment 100 
showing a method for manufacturing a glass fiber non-woven 
mat. Embodiment 100 is a simplified example of a manufac 
turing process. In other embodiments, some steps may be 
omitted or other steps added. In some embodiments, the steps 
may be performed in different sequences, in parallel with 
other steps, or performed with different dependencies or other 
operations. 
0013 Embodiment 100 is an example of a manufacturing 
process that may produce amat of glass or other fibers that are 
bound with a polymer matrix. In some embodiments, the mat 
may be verythin and largely porous. Such embodiments may 
be as thin as 0.001 in or less and have an areal weight of 5 to 
12 grams/meter squared. 
0014 Forming mats from short glass fibers can be chal 
lenging for several reasons. Short fibers, such as fibers that are 
0.25 in, 0.50 in, 1.0 in or less may not intertwine or entangle 
to create effective mats. Such fibers may form a mat when a 
binder is used to adhere or bind the fibers together. 
0015 The process of embodiment 100 creates a mixture in 
which glass fibers and a binder material are dispersed, then 
passes the mixture through a screen to deposit the fibers and 
binder material. The fibers and binder material are heated to 
flux the binder material and form the mat. The mat may then 
be post processed. 
0016 Embodiment 100 creates a first mixture and a sec 
ond mixture. The first mixture may use a thickening agent to 
increase viscosity of the liquid to more effectively disperse 
the fibers and binding agent. The second mixture is much 
more dilute and may be used to lay the fibers onto a screen. 
(0017. In block 102, the first mixture may be formed. The 
first mixture may include both the glass fibers and the binding 
agent. In some embodiments, the glass fibers may be chopped 
glass fibers of 0.25 in, 0.50 in, 1.00 in or less. In some 
embodiments, the fibers may be longer or shorter. 
0018. The binding agent may be a synthetic wood pulp. 
Synthetic wood pulp may be a polyethylene, polypropylene, 
polyolefin, or other polymer that may be produced in a man 
ner that resembled fibrous wood pulp. Synthetic wood pulp 
may be commercially available under the trade name Fybrel 
by Mitsui Chemicals in a variety of materials and densities. 
0019. The addition of synthetic wood pulp to short glass 
fibers in an aqueous solution causes the glass fibers to dis 
perse. Without the synthetic wood pulp, the glass fibers may 
tend to clump, which may lead to uneven mat formation. 
0020. The ratio of synthetic wood pulp to glass fibers is 
preferably between 50% to 70%, but some embodiments may 
use a ratio of 40% to 80%. 
0021. The first mixture may be an aqueous solution that 
includes 1%, 2%, or more of polyethylene oxide. The poly 
ethylene oxide may serve to increase the viscosity of the 
mixture and better hold the dispersed fibers in suspension. 
0022. After creating the first mixture and mechanically 
stirring the mixture, the first mixture may undergo ultrasonic 
agitation in block 104. Ultrasonic agitation may further 
enhance dispersion in Some embodiments. 
(0023. In block 106, the first mixture may be further diluted 
with water to create a second mixture. The dilution in block 
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106 may yield a mixture with 75-150 mg of fibers to 800 ml 
of liquid. Other embodiments may have ratios of fibers to 
liquid that are 1:10, 1:20, 1:50, 1:100, 1:200, or higher or 
lower ratios. 

0024. While in the second mixture, the mixture may be 
continually mixed prior to mat forming. The glass fibers may 
have a tendency to clump or group together if the mixture is 
kept too long without agitation. 
0025. The mixture may be passed across a screen in block 
110 to remove the liquid and capture the fibers and binding 
agent. The process of block 110 may be a wet dip paper 
making operation, Fourdrinier process, or other mechanism. 
At the end of block 110, the glass fibers and binding agent 
may be dispersed across the Surface of the screen. 
0026. The thickness and structure of the finished mat may 
depend on how much fiber and binding agent has been depos 
ited on the screen in block 110. For a thickermat, more fibers 
and binding agent may be deposited and for a thinnermat, less 
fibers and binding agent may be deposited. The amount of 
fibers deposited on the mat may be varied by changing the 
amount of mixture passed through the screen as well as by 
changing the ratio of fibers and binding agent to the liquid. 
0027. In block 112, a first heat step may be applied to the 
mat. The first heat step may soften the binding agent to the 
point that at least some of the glass fibers may be held 
together. In some embodiments, the first heat step of block 
112 may be performed while the fibers and binding agent are 
still on the screen from block 110 and before removing the 
mat from the screen in block 114. In other embodiments, the 
mat may be removed from the screen and into a heated roller 
or other mechanism for applying the first heat step. 
0028. In the case of an embodiment with polypropylene 
synthetic wood pulp, the first heat step may raise the tempera 
ture of the mat to 100 to 120 Celsius. 

0029. The first heatstep may serve to at least partially form 
the mat. The partially formed mat may then undergo a second 
heat step to fully flux the binding agent. In an embodiment 
with two heat steps, the first heat step may be sufficient to hold 
the mattogether for processing until the second heat step may 
be applied. 
0030. In the case of an embodiment with polypropylene 
synthetic wood pulp, the second heat step may raise the 
temperature of the mat to 140 to 160 Celsius. 
0031. The second heat step of block 116 may cause the 
binding agent to fully melt to hold the glass fibers together to 
form the mat. 

0032. The mat may be post processed in block 118. The 
post processing may include calendering, embossing, slitting, 
or other secondary processes. 
0033. In some embodiments, the mat may have a second 
polymer coating applied in block 120. The second polymer 
coating may add a different polymer than the binding agent. 
The second polymer coating may serve as a sizing, adhesive, 
finish, or other purpose for the Subsequent use of the mat. 
0034. In some embodiments, the second polymer coating 
may be PVDF, PMMA, or other polymer. The second poly 
mercoating may beformed by dissolving the second polymer 
in a solvent and diluting the solution, then applying the solu 
tion to the mat, and drying the Solution to leave the polymer 
coating on the mat. 
0035. For example, a PMMA coating may be performed 
by creating a solution of 20-25% PMMA to toluene and then 
diluting the solution with acetone to create a 2-4% solution. 
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The solution may be applied by dip coating, spraying, or other 
method to the mat. The mat may be air dried to from a PMMA 
coated mat. 
0036. In another example, a PVDF coating may be per 
formed by creating a solution of 10-40% PVDF to NMP and 
further diluting the solution with acetone to create a 2–4% 
Solution. The Solution may be applied by dip coating, spray 
ing, or other method to the mat. The mat may be air dried and 
heated to form a PVDF coated mat. 
0037. The process of embodiment 100 may be used to 
form verythin mats in Some cases. The mats may be as thin as 
0.005 in or thinner, such as mats that are 0.003 in, 0.002 in, 
0.001 in or thinner. In many embodiments, the mats formed 
by embodiment 100 may also be thicker. 
0038. The mats produced by embodiment 100 may have 
very low areal weights, such as areal weights of 50, 20, 15, 10, 
5, or lower grams/meter squared. In many embodiments, the 
mats formed by embodiment 100 may be heavier. 
0039. The mats produced by embodiment 100 may be 
used in various applications. The mats may be used alone or 
incorporated into other materials. 
0040. In some uses, the mats may be used alone as air 
permeable or liquid permeable filters. 
0041. In other uses, the mats may be coated with a polymer 
or other coating that may form a porous material. In Such uses, 
the mat may provide Some structural integrity for the porous 
material that may be desired for mechanical handling of the 
porous material during manufacturing or as a component 
within a device using the porous material. For example, when 
used as a filter, the mat may provide some strength to avoid 
puncturing the filter during use. 
0042. In one embodiment, the mat may be coated with a 
PVDF solution that may form a microporous structure around 
the mat. The PVDF microporous material may be inherently 
structurally weak, but the mat of embodiment 100 may pro 
vide sufficient strength for processing the PVDF structure as 
well as post processing when the coated mat is used to 
assemble products. 
0043. One such product may be an electrochemical cell, 
Such as a battery or Supercapacitor, where a microporous 
PVDF structure formed over a mat may act as a separator 
between electrodes. The microporous material may be satu 
rated with electrolyte in which ions may flow from one elec 
trode to another during charging and discharging. 
0044. In such an application, the very light areal weights 
of the mats of embodiment 100 may provide large areas 
where ions may pass. Because the fibers of the mat may be 
sparsely spread out, the mat fibers may not severely inhibit 
ion flow. As the density of the fibers increases, the ion flow 
may be restricted. Thus, the light areal weights may be pre 
ferred for battery separators or similar applications. 
0045. The mats of embodiment 100 may give some 
mechanical structural properties to the delicate PVDF 
microporous material. The mechanical properties may help 
during manufacturing of the PVDF material as well as during 
assembly of a battery or similar device. 
0046. The combination of a very light areal weight but 
with enough bonding of the fibers in the mat may provide a 
good tradeoff between mechanical strength during manufac 
turing against the performance of the electrochemical device. 

Samples 
0047. Several samples have been manufactured. Two of 
the samples are listed in Table 1 with various physical prop 
erties. The separators are manufactured from Synthetic Wood 
Pulp (SWP) and glass fibers using a PVDF binder. 
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TABLE 1 

Separator Dry Basis Wt. 

Information Dry “As 

Film Bulk is Adj., Puncture 

Cell Type? NW Web Gauge, Den. Wit., g/m2. Avg. Adjusted, 
ID ID Type/ID In gcc g/m2 mill load, g g/mil 

JOA HPX, 60% Glass/ 31.4 O48. 15.1 12.2 39 32 
105-3 JOA 40% SWP 
to -5 105-1 FA70-1 
JOA HPX, 50% Glass/ 28.8 O.S2 15.O 13.3 44.5 39 
105-6 JOA 50% SWP 
to -8 105-2 FA70-2 

0048. Additionally, the separators have been used in sev 
eral lithium ion batteries. The discharge power capabilities of 
some of the batteries are shown in FIG. 2. 
0049 FIG. 2 is a graph depicting the discharge power 
capabilities of lithium ion batteries having different battery 
separators. Control batteries labeled “JOA26Av' and 
“JOA44-7 use a commercially available separator, while the 
five batteries labeled “JOA10XX' represent batteries manu 
factured with various SWP-based separators. 
0050 Specifically, JOA1001 uses a 61% glass/39% SWP 
nonwoven web. JOA1021 uses an 80% bi-component fiber/ 
20% SWP. JOA1023 uses a 60% bi-component fiber/40% 
SWP JOA1025 uses 80% glass/20% SWP, and JOA1027 
uses a 70% glass/30% SWP composition. 
0051 Each of the JOA10xx samples use a non-woven web 
having the various compositions coated with a PVDF-based 
porous material. 
0052 From the figure, the batteries manufactured using 
the SWP-based non-woven web produce acceptable results. 
0053. The foregoing description of the subject matter has 
been presented for purposes of illustration and description. It 
is not intended to be exhaustive or to limit the subject matter 
to the precise form disclosed, and other modifications and 
variations may be possible in light of the above teachings. The 
embodiment was chosen and described in order to best 
explain the principles of the invention and its practical appli 
cation to thereby enable others skilled in the art to best utilize 
the invention in various embodiments and various modifica 
tions as are Suited to the particular use contemplated. It is 
intended that the appended claims be construed to include 
other alternative embodiments except insofar as limited by 
the prior art. 
What is claimed is: 
1. A method for manufacturing a glass fiber non-woven mat 

for use as a separator for an electrochemical cell, said method 
comprising: 

creating a mixture comprising glass fibers, synthetic wood 
pulp, and a liquid carrier; 

mixing said mixture to disperse and Suspend said glass 
fibers and said synthetic wood pulp in said liquid carrier; 

passing said mixture through a screen to deposit said glass 
fibers and said synthetic wood pulp onto said screen; 

heating said glass fibers and said synthetic wood pulp to at 
least partially melt said synthetic wood pulp and at least 
partially bind said glass fibers to create said glass fiber 
non-WOVen mat. 

2. The method of claim 1, said mixture comprising a ratio 
of said synthetic wood pulp to said glass fibers between 40% 
and 80%. 
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Air Tensile 

Permeation Load Mod. 

AVg, Adj. MD, MD, 

Sec. Sf 100 cc. Ni N 
100 cc mil mm2 mm2 

17.2 13.9 10.4 1364.4 

33.2 29.3 114 1200.0 

3. The method of claim 2, said mixture comprising at least 
1% polyethylene oxide. 

4. The method of claim 2, said synthetic wood pulp being 
polyethylene having a moisture content of at least 25%. 

5. The method of claim 4, said glass fibers having a nominal 
length of no more than 0.5 inches. 

6. The method of claim 5, said glass fibers having a nominal 
length of no more than 0.25 inches. 

7. The method of claim 6, said heating comprising a first 
heating step and a second heating step, said first heating step 
being performed at least partially while said glass fibers and 
said synthetic wood pulp are on said screen and said second 
heating step being performed after said glass fibers and said 
synthetic wood pulp are removed from said screen. 

8. The method of claim 7, said second heating step being a 
higher temperature than said first heating step. 

9. The method of claim 8, said method further comprising: 
calendering said glass fiber non-woven mat. 
10. The method of claim 9, said calendering comprising 

said second heating step. 
11. The method of claim 1 further comprising: 
applying a second polymer to said glass fiber non-woven 

mat. 
12. The method of claim 11, said second polymer being a 

different polymer from said synthetic wood pulp. 
13. The method of claim 12, said second polymer being 

PVDF. 
14. The method of claim 12, said second polymer being 

PMMA. 
15. The method of claim 1, said mixture being created by a 

mixing method comprising: 
performing a first mixing operation said synthetic wood 

pulp in a first mixture comprising polyethylene oxide 
and water; and 

diluting said first mixture with water to form said mixture. 
16. The method of claim 15, said first mixing operation 

comprising ultrasonic mixing. 
17. The method of claim 16, said first mixture comprising 

no more than 4% polyethylene oxide. 
18. The method of claim 17, said first mixture comprising 

no more than 2% polyethylene oxide. 
19. The method of claim 1, said glass fiber non-woven web 

having an areal weight between 5 and 20 grams per meter 
Squared. 

20. The method of claim 1, said glass fiber non-woven web 
having an areal weight of less than 10 grams per meter 
Squared. 


