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1 
The present invention relates to storage battery 

plate separators or retainer mats for storage bat 
teries formed of glass ?bers and more particularly 
to separators formed by laminating together mats 
of ?bers having required dielectric and chemical 
properties. 

In the making of such separators of glass 
?bers, it has been found that it is preferable to 
form the separators from two or more thin 
sheets of ?ne glass ?bers laminated together than 
from a single sheet of greater thickness. The 

~ porosity and density of a thin mat may be more 
uniformly controlled than in a mat of greater 
thickness and the use of selected adhesives to 
bond two or more thin mats together lends in 
creased rigidity to the ?nished separator. Also 
by laminating, separators may be made from 
mats formed of different size ?bers when special 
constructions are desired. 
The advantages derived from laminating a plu 

rality of ?brous mats to form the separator may 
be offset by the use of an adhesive material to 
secure the laminated mats together. An adhesive 
which penetrates or soaks into highly porous mats 
or produces an impervious coating destroys the 
porosity and consequently the utility of the sep 
arator. 

It is the primary object of the present inven_ 
tlon to laminate and bond together a plurality 
of thin mats of ?brous glass without impairing 
either the density or porosity of the mats. In 
accomplishing this, thin glass ?ber mats are 
bonded together with an adhesive material in the 
form of a ?brous web. 

It is another object of the invention to produce 
battery separators by laminating thin mats of 
glass ?bers in a continuous operation. This is 
accomplished by bringinr together continuous 
strips of ?ne glass ?ber mats and applying' a heat 
and pressure sensitive adhesive material in the 
form of ?ne ?bers therebetween after which the 
fabricated strip may be cut in pieces of the de 
sired length. 
The mats from which the separators are 

formed are usually produced in a wide continuous 
sheet from which sections or strips of the desired 
width are cut and rolled. This eliminates the 
necessity of handling individual small pieces so 
that a continuous operation may be employed. 
A further object of the invention is to provide 

a composite battery separator by laminating to_ 
gether sheets of ?brous glass and an organic 
?ltering material. 
A still further object of the invention is to pro 

vide a laminated battery separator which may 
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2 
be produced economically and is durable and 
rigid. 

Other objects and features of novelty will be 
come apparent during the course of the following 
description when considered in connection with 
the accompanying drawings in which: 

Figure 1 is a diagrammatic view of one form 
of apparatus by which the present invention may 
be practiced; 

Figure 2 is a perspective view of a portion of a 
storage battery showing the present invention 
therein; 

Figure 3 is a fragmentary perspective view of 
a storage battery separator formed in accordance 
with the present invention; 

Figure 4 is a sectional view through a modi?ed 
form of separator; 

Figure 5 is a sectional view through a further 
modi?ed form of the invention; 

Figure 6 is a fragmentary perspective view of 
another form of the invention; 

Figure '7 is a fragmentary perspective view of 
still another form of the invention; and 

Figure 8 is a fragmentary view on an enlarged 
scale of a web of coated ?bers formed in ac 
cordance with the present invention. 

Glass ?ber mats suitable as battery mats may 
be made by attenuating streams of molten glass 
and winding the ?bers formed thereby on a large 
drum. The ?bers are traversed back and forth 
along the length of the drum as it rotates so that 
while the ?bers forming each layer are substan 
tially parallel the ?bers of adjacent layers lie at 
an angle thereto. When the desired thickness of 
?bers has been wound on the drum they are re 
moved in the form of a sheet by slitting the mat 
lengthwise of the drum. The mat after removal 
from the drum may be impregnated with a binder 
to preserve its integrity or the binder may be ap 
plied as the mat is formed. 
Another method of producing glass ?ber mats 

comprises engaging flowing streams of molten 
glass with a high velocity gaseous blast such as 
high pressure air or steam. The molten glass 
is thus attenuated into ?ne ?bers by the force of 
the blast and collected on a traveling belt in the 
form of a continuous mat of heterogeneously ar 
ranged ?bers. A suitable binder is then sprayed 
onto the ?bers of the mat and the binder—im 
pregnated mat is passed through a suitable curing 
oven. Upon leaving the oven the cured mat is 
then split longitudinally into strips of the de 
sired width and wound into rolls. In this form 
the mat may be readily handled for shipping, 
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storing or for further fabricating operations, such 
as those to be described presently. 
The apparatus shown in Figure 1 of the draw 

ings includes a pair of initial pressing rolls 5 
adapted to seal together a pair of continuous 
strips 8 of ?ne glass ?ber mats fed from supply 
rolls R and to which an adhesive material is 
applied as at ‘I. 
The mats thus laminated together then pass 

between sets of rolls 8 within a heating chamber 
9 to soften the adhesive which is preferably a 
thermoplastic resinous material. The heat in 
the chamber softens the resin and promotes ad 
hesion to the mat surfaces. As the combined 
strip issues from the chamber 9 it passes between 
chilling and gauging rolls in to set the adhesive. 
The rolls are preferably adjustable to regulate 
and control the ?nal thicknesses of the laminate. 
After the strip has cooled it may be severed by 
a knife i I into suitable lengths. 
The present invention provides a layer or web 

of line ?bers of adhesive material or material 
which may be rendered adhesive, such as a syn 
thetic resin, for bonding together sheets of mat 
from which battery separators are formed. The 
adhesive in this form is particularly adaptable 
for application on surfaces which are porous or 
are of a ?brous nature. By employing the ad 
hesive material in the form of ?ne ?bers a uni 
form layer may be produced which can be of any ' 
desired thickness. In the form of a thin web. a 
uniform dispersion of adhesive is obtained which 
provides a minimum amount of material by which 
the sheets are adhered together. 
When the ?bers 20 of adhesive material are 

applied as they are formed to the glass ?ber 
mats, as shown in Figure 1, they may be in a 
“tacky" or sticky condition due to the presence 
of solvent. The next glass ?ber mat 6 is then 
placed directly in contact with the ?bers 20 and 
adhered thereto. The adhesion is then perfected 
by applying heat or pressure or both to the super 
posed mats. When heat is applied any residual 
solvent is volatilized and the ?bers of adhesive 
material are softened to effect substantial ad 
hesion between the sheets or mats with a mini 
mum of fluid phase in the adhesive material. 

It is also possible to produce the resinous ?bers 
in dried sheet or web form which can be stacked 
or rolled and does not become adhesive until heat ' 
and pressure are applied. With most thermo 
plastic resins heating for only a short period and 
under a light pressure is all that is reouired to 
effect adhesion of the parts being joined. As 
shown in Figure 1 a manually operative spray 
gun I! may be used or automatic apparatus may 
be employed and arranged to deposit the adhesive 
material in the form of ?bers onto the mats. 
The resin ?bers form a web-like structure on 

the surface of the mat and have suf?cient in 
tegrity that substantially no penetration of the 
mats takes place. In this manner the hetero 
geneously arranged resin ?bers form a very thin 
layer which, while providing a strong inter-layer 
bond between the mats. does not decrease the 
porosity of the separator. 
For the preferred resinous adhesive I have 

chosen butyl methacrylate although methyl or 
ethyl methacrylate are substantially equally 
suitable. These thermoplastic materials are 
non-oxidizing, acid resistant and otherwise inert 
in the presence of an electrolyte. These resins 
when combined with or dissolved in a suitable 
volatile solvent such as toluene may be sprayed 
in the form of very fine fibers. Other solvents 
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may be methyl Cellosolve, diethyl phthalate, 
ketones, or acetone. In general solution concen 
trations of from 20% to 50% will be suitable for 
most ?ber forming substances and conditions. 
These solvents rapidly volatilize upon contact 
with the air or at moderately elevated tempera 
tures. 
As an alternative to dissolving the resin in a 

suitable solvent, the ?ber forming material may 
be heated until plastic or molten and the plastic 
or molten mass dispersed under pressure into 
?bers. These ?bers upon coming into contact 
with a cool atmosphere solidify rapidly yet may 
readily be rendered adhesive upon application of 
heat. . 

The resinous material when mixed with solvent 
may be extruded from a gun of the conventional 
type (as shown in Figure l) commonly used for 
spraying paint or other viscous liquids. This type 
of gun comprises generally a container for hold 
ing the ?ber forming composition and from 
which it is forced under air pressure into the 
nozzle of the gun. One or more small ori?ces 
are provided in the nozzle for discharging the 
?uid, which due to its composition, takes the 
form of ?bers as it leaves the nozzle. 
When molten ?ber forming material is to be 

blown heating means is provided at the gun to 
maintain the material in a ?uid state. 
Other resins which have been found suitable 

for use in the present invention are vinyl resins, 
Saran (vinylidene chloride), acrylic base resins 
and polystyrene and thermoplastic copolymers 
thereof. 

Figure 2 illustrates a portion of a storage bat 
tery l5 showing the positive plates l5 alternately 
arranged with a series of negative plates I1 and 
having separators formed according to the pres 
ent invention placed therebetween. The separa 
tors may be made in any desired thickness ac 
cording to the spacing of the plates and to facili 
tate assembly. 

Figure 3 illustrates a portion of a separator 
with one of the glass ?ber mats 6 rolled back to 
expose the layer 20 of ?ne ?bers of adhesive ma 
terial as previously described. In the preferred 
form of the invention this layer may have sub 
stantially no thickness since only su?icient ?bers 
are necessary to provide a bond between the mats 
6. These ?bers while in the form of a very thin 
continuous mat do not change the porosity of the 
mats 6 when the bonding is completed. 
As a modi?cation of this form of the invention 

I have shown in Figure 4 a separator 30 formed 
of a pair of mats 3| which are similar to the mats 
6 previously described and which are adhered 
together by a layer of resinous ?bers 32. The 
resinous ?bers are sprayed on one of the mats 
during the fabricating operation until the desired 
thickness is reached. This layer is of substan 
tially greater thickness than the mat of resinous 
?bers employed in the ?rst-described form of the 
invention to bind the glass ?ber mats together, 
and produces a relatively dense mat of ?bers 
which when compressed in the presence of heat 
to effect adhesion forms a septum with a multi 
plicity of very ?ne pores extending therethrough. 
The pores in the septum are of such small size 
that treeing through the separator is prevented. 
This septum may also be formed by employing 
sheets of material in the form of preformed 
sheets of ?ne organic ?bers, one such material 
being intermatted ?ne ?bers of a styrene com 
ggsition and known commercially as polystyrene 

er. 
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In the form of the invention shown in Figure 5 
the separator 40 comprises a pair of glass ?ber 
mats ll one 01' which may be formed of relatively 
coarse ?bers for installation adjacent the positive 
plate of the battery so that gases forming thereon 
may readily escape. A thin septum 42 or ?lm of 
microporous material such as microporous 
natural or synthetic rubber, cellulose in sheet 
form, etc. is bonded between the mats by spray 
ing a thin web 43 of resinous ?bers on at least 
one of the surfaces to be joined. The septum 
material is adapted to be wet through by the 
electrolyte but is of such nature that treeing is 
not supported. 
The invention as shown in Figure 6 contem 

plates applying the adhesive in the form of pre 
formed short ?bers by the process known as 
“flocking? The ?bers F are shown applied to 
one of the mats M forming the separator. They 
may be organic ?bers such as ?bers of acetate 
rayon, acrylic base resins, or other synthetic 
thermoplastic ?bers. 

Fibers for this nurnose are usuallv of from as‘: 
to 1A inch in length and are formed by cutting or 
chopninn.r longer ?bers of the desired material. 
In practice. these short ?bers are normally ad 
hered bv electrostatic or other means to a back 
inc member previously coated with an adhesive to 
give the appearance of mohair or velvet. In the 
present application. however, such closely spaced 
and uniform relation of the short ?bers is un 
necessary and tbev may be satisfactorily applied 
by sifting or otherwise dispersing them into the 
atmosphere with in a chamber through which the 
mat moves continuously. Since the ?bers them 
selves are the adhesive, no adherent on the mat is 
necessary. The airborne ?bers settle by gravity 
onto the surface of the movingr mat in a hap~ 
hazard although relatively uniform layer. The 
speed at which the mat is moved regulates the 
thickness of the layer of ?ne ?bers so that the 
resulting density may be readily controlled. 

It may at times be desirable to form the ?bers 
for the adhering layer by coating ?ne glass ?bers 
with one of the thermoplastic resins above men 
tioned, convert these resin-coated ?bers to short 
lengths and apply the short ?bers to one of the 
superposed mats. These resin-coated glass ?bers 
provide greater body in the adhesive layer. The 
glass ?bers may have a diameter of 000% inch 
or be ?ner, say about 1 to 3 microns, and be pro 
vided with a thin coating of resin. the resin being 
in proportions of about 5 to 20% of the weight 
of the glass ?bers. 
In Figure '7 I have shown a further modi?cation 

of the invention in which a pair of ?brous glass 
mats 50 are adhered together by means of a grid 
like network formed of thermoplastic resinous 
?laments 5|. The ?laments 5! become adhesive 
when softened by heat and when cooled ?rmly 
adhere the sheets together. In this manner the 
porosity of the separator is not impaired so that 
the battery acid is permitted free circulation. Of 
the resinous materials previously mentioned 
Saran and polystyrene in ?lament form have 
been successfully employed in this form of the in 
vention. If desired, the ?laments of resin may 
be arranged in parallel relation in only one di 
rection, that is, longitudinally of the strip or mat 
from which the separators are cut. This provides 
for a minimum of adhesive material and maxi 
mum porosity in the mat. 

I claim: 
1. A battery plate separator comprising sheets 

of mineral ?brous material and a porous layer of 
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6 
thermoplastic resinous material in the form of 
?bers, the ?bers being closely assembled to pro 
vide interstices therebetween suf?ciently small to 
prevent the passage therethrough of oxide parti 
cles loosened from the battery plates, thereby 
forming a septum interjacent said sheets, said 
resinous ?brous material securing said sheets of 
mineral ?brous material together by the ma 
terial of the resinous ?brous material. 

2. A storage battery plate separator comprising 
superposed porous layers of haphazardly arranged 
interbonded glass ?bers, a microporous septum 
formed of haphazardly arranged ?bers of thermo 
plastic synthetic resin interjacent said layers, 
said resin ?bers being spaced apart in the septum 
suf?ciently to provide porosity in the septum that 
permits the ?ow therethrough of battery elec 
trolyte, and said resin ?bers being adhered by 
the material of the resin ?bers to adjoining faces 
of the superposed layers of glass ?bers to bond 
said layers and septum to each other. 

3. A storage battery plate separator comprising 
superposed layers of haphazardly arranged inter 
bonded glass ?bers, a web of ?ne glass ?bers of a 
diameter less than about .00025 inch interjacent 
said layers, said ?ne glass ?bers being 01’ rela 
tively short lengths and coated with a thermo 
plastic synthetic resin, said resin coatings on the 
?ne glass ?bers being adhered by the material of 
the resin to the ?bers at the adjoining faces of 
said superposed layers to bond the layers together. 

4. A battery plate separator comprising sheets 
of mineral ?brous material and a sheet of ?uid 
pervious resinous material therebetween, and a 
low softening point thermoplastic resinous ad 
hesive in the form of ?bers adhering said sheets 
together by the material of the resin ?bers. 

5. A battery plate separator comprising ?brous 
glass sheets adhered together by an interposed 
layer of ?ne short glass ?bers each coated with 
an adhesive thermoplastic synthetic resinous ma 
terial. 

6. A battery plate separator comprising super 
posed porous layers of haphazardly arranged min 
eral ?bers, a microporous septum formed of hap 
hazardly arranged ?bers of thermoplastic resin 
interjacent said layers, said septum being pervious 
to battery electrolyte and said thermoplastic resin 
?bers adhering the adjoining layers of mineral 
?bers to the septum by the material of the resin 
?bers. 

7. A battery nlctesemratpr comrisinn unlu 
rality of sheets of porous_,m(ligtial..bonded..to 
ge‘tl'i'e'rfwith‘dn intera'acent ?brous web of thermo 
plastic r‘gléiirfqus'fnidterial, at least one q said 
sheets Feing a highly poroysfsfliéét?ofdldss ?bers 
a‘nd’d'nmifsaid‘sheets being formed of a. mi cFcTp'HEis res?zo‘?si??fgiji'qfin'thej?riii‘blfibers, 
sdid-sheetyzrdfiéiéd togethe'fbi ‘the resiif?bers at 
the interface of said web and sheets. 

8. A battery plate separator comprising a high 
1;; porous body of glass ?bers and a microporous 
body of haphazardly arranged fibers of thermo 
plastic resinous material adhered to the body of 
glass ?bers by the resin fibers at the interface of 
said bodies. 

JOHN A. GRANT. 
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