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ducing bonded, mica of substantially, uniform 
... density and the product derived from the process. 
. . . . In preparing pressed laminated products from 

maica and abilder by any known process it has 
been the experience in the art that the distribu 
tion of the binder with respect to themica-fiakes 

... is relatively non-uniforn, that is, the binder. is 
present in widely different amounts at different 

is points in the material. Often the binder collects 
in the form of a small pool at one or more points, 

; : whereas at other points the amount of binder 
c. is greatly, deficient. When bonded mical char 
:acterized by this lack of uniformity is employed 
as electrical insulation between commutator. Seg 
-ments, for example, due to the high pressures and 
temperatures met in Service, premature flow tends 
:to occur where the binder has collected in a pool 
or is present in great: excess. Once; flow...has 

... started, the commutator segments are forced to 
readjust themselves, and misalignment takes 
place and excessive pressures build up. In some 

: cases, the mica will skid or squeeze out from be 
tween the commutators at the points where ex 

: cess binder is present. Misalignment of the * - - - f 
test and service of electrical apparatus produced commutator will result in roughness and other 

defects which lead to poor operation of the elec 
rtrical apparatus' and often times cause electrical 
or mechanical failure thereof. : : . . . . . . . : In preparing compositions from mica and a 

is binder, it is the practice to form layers of mica 
flakes mechanically or by hand in combination 
with a certain amount of a heat curable binder. 

'': However, due to unavoidable variations; in the 
:::thickness 
in the laye 

is' distributed 
present: When the layer of mica 

flakes so produced is subjected to compression in 
-iconventional presses having metal platensin or 

3 spots. Furthermore themica at the highest spot 
is necessarily subject to crushing 

Ari Due to the crushing produced by excessive pres 
'sures at the high spots when pressin 
gmica insulation gathe high spots hav 
-to possess a much lower dielectric strength than 
themica insulation at other portions of the laye. 

si. . . ...:::::::::: 2; it 

i. This inve tion relates to a process for pro 

binder is substantially unifo 

2524,932 

hese defects in the composite material render it 
sulation...requirements are high. . . . . . . 

it. It has been suggested to secure a more uniform 

less satisfactory for uses where the electrical in 

distribution of the binder in mica compositions 
by interposing a pad of asbestos cloth or the like. 
applied for instance, between one surface of the 
mica and the press platen during the pressing of 
the aminate. From experienice it has been found 

10 that, while some improvement is effected by the 
: use of the pads, the binder is still distributed in 
; , a non-uniform manner throughout the laterial 
: and failures and defects in: electrical apparatus 
employing such insulation occur frequently. 
It has also been found that the compression set 

or compressibility of mica produced by prior art 
- methods at pressures of 1000 pounds per square 
inch while attemperatures of 150° C. is relatively 
high and may vary considerably from sample to 
sample of material produced under the same con 

... ditions of manufacture. This renders it difficult 
both to design and to manufacture electrical ap 
paratus employing bonded mica insulation under 
pressure, or for instance, in commutators. A 
considerable number of failures in manufacture, 

a with mica insulation may be traced to lack of 
bonded mica insulation. The object of this 
ubstantially uni l 
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Fig. 3 is a schematic view of a process for pro 
ducing formed mica insulation. 
According to the present invention layers or 

bodies of mica flakes treated with a fluid or a 
flowable binder are subjected to a substantially 
uniform unit pressure over the entire surface 
thereof. More specifically, the body of mica 
flakes and flowable binder applied thereto is sub 
jected to pressure applied through an elastic 
member, said elastic member being subjected to 

The elastic. member will con fluid pressure. 
form to and apply a Substantially uniforni pres 
sure regardless of the shape or form of the sur 
face of the mica body to which it is applied. 

Referring to Fig. 1 of the drawing, there is illus 
trated an apparatus O for carrying out the proc 
ess. The apparatus comprises a substantially 
rigid platen or base 2 provided with hollow coils 
or tubes 4 in which a heating fluid or a cooling 
fluid may be circulated to secure predetermined 
temperatures. It will be appreciated that the 
tubes 4 may contain an electrical heating ele 
ment or other heating means if desired. Disposed 
above the platen f2 is a movable press head 6 
having a cavity f6 disposed along its underside. 
An elastic member 20 is applied to the head 6 to 
close the cavity 8. A conduit 22 is disposed in 
the head 6 for introducing steam or hot water or 
other suitable fluid under pressure into the cavity 
8. Cooling water may be introduced into the 

cavity by the conduit 24 and vented through the 
conduit 26. The elastic member or diaphragm 20 
may be secured to the sides of the press head 6 
by means of bands or clamps 28. The elastic 
member 20 is preferably an elastomer, Such as 
rubber or polychlorobutadiene or a silicone poly 
ner, Commonly known as 'Silastic,' capable of 
withstanding elevated temperatures. 
A layer of mica flakes 30 may be prepared in a 

conventional mica laying machine wherein mica, 
flakes are dropped upon a moving. Screen from an 
overhead distributor and disposed as a more or 
less uniform layer and thereafter a suitable binder 
is applied thereto by dripping, sprinkling or the 
like. The mica flake layer 30 is subjected to a 
preliminary heating with or without vacuum. 
treatment to remove essentially all the volatile 
solvent from the binder prior to being placed in 
the apparatus O. The uncompacted layer of 
nica flakes With the binder distributed therein 
will be found to be heterogeneously disposed and 
characterized by relatively high spots and low 
spots due to natural variation in distribution. 
Hand laid sheets may be somewhat more uniform 
but are still subject to unavoidable irregularities 
so that relatively high and low spots are present. 
The fluid binder is preferably, though not neces 

Sarily, a heat curable or thermosetting composi 
tion. Examples of such compositions are shellac, 
mixtures of shellac with gum elemi or copal gum 
or other natural resin, alkyd resins, or alkyd 
resins combined with a vinyl or vinylidene mono 
mer, and other resinous compositions. In some 
cases, inorganic compositions capable of curing 
to a relatively thermoset state may have been ap 
plied to the mica flakes. Solutions of the binder 
in a volatile solvent are commonly employed. 
After heat treatment to remove the solvent, the 
binder in the mica, layer is not a true fluid com 
position but is capable of fluid flow when heated 
and pressure is applied thereto. 
The mica layer 30 with the uncured flowable 

binder is placed on the flat platen f2, as shown 
in Fig. 1, and is subjected to consolidation by 
moving the head 6 until the diaphragm 20 is in 

0. 

15 

20 

4. 
contact with the upper surface of the mica layer 
30 and fixing the head in this position. Steam is 
then admitted at a pressure of from about 20 to 
100 pounds per square inch through the conduit 
22, thereby forcing the elastic member 20 at a 
corresponding unit pressure against the upper 
surface of the mica layer. Heat from the steam 
is transferred through the elastic member to the 
mica layer 30. Simultaneously, steam or hot 
water may be admitted to the tubes 4 in the 
platen 2 for heating the layer of mica flakes from 
the underside. Through the agency of the elastic 
member the fluid pressure is distributed substan 
tially uniformly over the entire layer 30 regard 
less of high or low spots in the layer. The high 
spots will not be subjected to crushing nor will 
they be subject to unit pressures differing from 
the unit pressure at low spots and there will be 
no tendency to drive the binder to lower spots. 
Therefore, the binder will be substantially uni 
formly distributed with respect to the mica 
throughout the entire layer 30. Pools or puddles 
of binder will not form at any point. The pres 
sure and heating may be continued for a period 

25 
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40 

of time of from a few minutes to one hour Or 
more. With heat curable binders the tempera 
ture selected and the time of application of heat 
ing and pressing will be selected in accordance 
with the type of product desired. A fully cured 
product may be desired in some cases and tem 
peratures of as much as 700 C. and times of one 
hour for the treatment may be employed. Where 
a partially cured sheet of mica composition is de 
sired, for example, for reforming into some com 
plex shape, the treatment may be carried Out Only 
for a few minutes. 
At the end of the predetermined pressing pe 

riod, the admission of steam or hot water to the 
conduit 22 is terminated and cooling water or the 
like will be admitted to the conduit 24. The cool 
ing water after circulation in the cavity 8 may 
be vented through the conduit 26 until the mica, 
insulation has been cooled down to room tem 
perature or thereabouts... The press head 6 is 
then elevated and the mica layer 30 removed from 
the press. 

Referring to Fig. 2 of the drawing, there is il 
lustrated a cross section through the layer of 
bonded mica, 30 resulting from the pressing op 
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eration. The lower surface 34 of the mica will 
be flat due to contact with the upper surface of 
platen 2. The upper surface 36 of the mica layer 
will be extremely rough in appearance, though 
an examination of the mica sheet against the 
light will show an exceptional degree of trans 
parency which is not possessed of by any mica, 
material of equal thickness using the same binder 
as produced by any conventional process known. 
It will be apparent, however, that for most appli 
cations the rough upper surface 36 must be re 
moved by machining to the level shown as 32 to 
produce a sheet of substantially, uniform thick 
ness with a smooth upper surface. It will be 
found that the product produced by the appa 
ratus of Fig. 1 must be machined considerably 
more to secure a perfectly flat sheet than the 
mica compositions of the prior art. This is due 
to the fact that prior art processes tended to 
drive the binder into the low spots of the layer, 
thus building up the low spots and crushing the 
high spots, thereby attaining a lesser degree of 
non-uniformity of the upper surface 36 at the 
expense, however, of the uniformity of distribu, 
tion of binder and the integrity of the mica it 
self. For a given size sheet, it is necessary to 

  



roughstop surface 36 shown in Fig. 2 of the draw 
rig: A relatively, smooth upper'surface will be 
produced. It will be appreciated (thiat (thema. 

ls chined-upper. surface will-ordinarily be parallels 
to the ibottom surface 34-ofesthe pressets mica 
sheet. However, in some cases, the sheet of mica 
may be irriachined at ariangle to the bottom: Or: 
in some other form in accordance) with theiré 

20 quirements of the particular application). There: 
after the machined: 'mica 30; nay, beiformed to 
some other shape; such, for example, asia; V:ring 
To accomplish this, themachined sheet of mica is 

as placed in a heated die 44 provided with a V groove 
2546 and pressed by:the-moving head;48;provided 

cal withia; V -50.: The V50 may be heated: When, 
Subjected to temperatures of 100, C. to 150:Cor: 
even higher, for: one-hour, the binder in the mica : 
sheet will cure; completely; and upon release of 

30 pressure a permanently set. Viring, 60-will be then 
obtained. ; ; ; ; ; ; it." 

V. rings produced from mica sheets formed in 
accordance with the process of this invention have: 

re been compared with those produced by conven: 
85tional processes and have been found to be supe 

rior both electrically and mechanically due to the 
hing absence of crushed spots and due to the more uni 

to a thickness of 0.01, the sheet was cut into form distribution of binder in the V. ring: is : 
1'''squares. of the shellac binder . It will be appreciated that the times and tem 
in eacho ldom was 40 peratures and pressures set forth herein are only 

uced in exemplary and in each case, a proper selection 
must be made depending upon the type of resin 

employed. Some resinous, composi 

er. 
o:. 

ruare inch amovable press head? 6, 
lowed that the parts may be reversed so 
ada compres: 55 be the movable memb 

substantially greater density than those produced - - - - - :- - - , 
by any prior art process. Members of identical reen, or a parting compou 
size and shape weighed from 1 pound 8 ounces 65the surface of the platen 
to 1 pound 9 ounces for the pad pressed member of the pressed layer of mi 
and the hydraulically pressed member weighed “While execlent results 
from 1 pound 10 ounces to 1 pound 11 ounces. consolidating mica flakes 
The average density was approximately 8% higher pressing the mica by mea 
formica produced, according to the present in 70 applied through an elastic - 
vention. This is reflected in superior properties of similar quality has been prepa 
all out of proportionito: the increase in density.' ... manner. In this latter case a 
In consolidating, mica by-pressure and heat elastomeric blanket about%i 

treatmentin the apparatus of Fig. 1, for example, or thicker may be placed between one face of the 
the binder in the micalayer 30 may be cured suf-75; press platen and themica body being consolidated: 

diaphrag 
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The following resilient elastomeric materials have 
been found successful: natural rubber, sponge 
rubber, silicone rubber and neoprene. The elasto 
meric material must be sufficiently thick and re 
silient as to flow and thereby redistribute the unit 
pressure to substantially the same value at the 
mica face. The following table gives the coeff 
cient of dispersion of a shellac bond in a 10 mill 
thick sheet of bonded mica prepared initially 
with 10% by weight of shellac based on the weight 
of themica: 

- Per cent 
Hydraulically pressed.--------------------- 10.8 
Conventional pressed-'4' asbestos pad.---- 21 
Conventional pressed-no pad------------ 19 
Conventional press-' thick rubber 
blanket of 60 Shore A hardness-------an amo an 

Conventional press-s' thick rubber 
blanket of 50 Shore A hardness---------- 

Conventional press-36' thick sponge rubber 
blanket of 15 Shore hardness---------- 13.2 

Conventional press-2' thick rubber 
blanket of 50 Shore hardness---------- 

It will be noted that the asbestos pad gives a 
coefficient of dispersion about the same as that 
obtained with no pad. This indicates that the 
high spots are almost equally over pressed. 
The ’’ and A' thick rubber blankets are SO 

thin that they crush almost completely without 
any substantial flow and this impairs the bond 
distribution. Therefore, a thin rubber blanket 
is a detriment rather than a benefit in pressing 
mica. y 

The use of an elastomeric pressing blanket 
of 3' thick or thicker gives results entirely 

89 
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8 
has resulted from contact with the elastic mem 
ber. 

2. In the process of preparing bonded mica, 
the steps comprising placing a sheet of mica 
flakes carrying a heat curable, flowable binder 
on a relatively rigid, smooth base, covering the 
sheet of mica flakes with an elastic member, 
forcing the elastic member against the sheet 

() 

20 

30 

unexpected in view of the negative results ob 
tained from both the and '6' rubber blanket. 
It is thought that an elastomeric blanket about 
%' thick is required to secure sufficient body 
to secure a true flow of the elastomer thereby 
rendering the unit pressure constant. 
The process of this invention is most advan 

tageous for treating mica combined with a heat. 
curable binder which may well be reacted to a 
relatively thermostat state. The use of hydraulic 
pressure applied through an elastic membrane 
also may be beneficial in consolidating mica sheets 
treated with a thermoplastic binder. In the latter 
case consolidation will produce a well bonded mica 
sheet having no crushed mica and free from un 
desirable bond distribution. 
Since certain obvious changes may be made in 

the above procedure and different embodiments 
of the invention could be made without departing 
from the scope thereof, it is intended that all 
matter contained in the above description shall 
be interpreted as illustrative and not in a limiting 
SeSe.. " 

I claim as my invention: 
1. In the process of preparing bonded mica, 

the steps comprising placing a sheet of mica 
flakes carrying a heat curable flowable binder on 
a relatively rigid, smooth base, covering the sheet 
of mica flakes with an elastic member, forcing 
the elastic anember against the sheet of mica 
flakes in the direction of the base by means of 
fluid pressure thereby to apply a uniform pres 
sure and to secure a uniform distribution of the 
binder relative to the mica, heating the sheet of 
mica flakes at a temperature Sufficient to cure the 
binder to a non-flowable state, removing the heat 
cured mica sheet from the base and machining 
to smoothness the relatively rough surface that 

40 

50 

55 

O 

5 

of mica flakes in the direction of the base by 
means of fluid pressure thereby to apply a uni 
form pressure and to secure a uniform distribu 
tion of the binder relative to the mica, heating 
the sheet of mica flakes at a temperature suf 
cient to cure the binder, continuing the applica 
tion of heat and pressure until the binder is par 
tially cured sufficiently to be substantially free 
of fluid flow, removing the partially heat cured 
mica, sheet from the platen, machining to Smooth 
ness the relatively rough surface that has re 
sulted from contact with the elastic member, 
and reforming the partially cured mica, sheet un 
der heat and pressure to predetermined shape 
until the binder is fully cured to a non-flowable 
state. 

3. In the process of preparing bonded mica in 
sulation, the steps comprising forming a body of 
mica flakes and a heat-curable flowable binder 
applied thereto, Subjecting the formed body to 
substantially the same pressure over the entire 
Surface while being heated at an elevated tem 
perature suitable for curing the binder, thereby 
providing a uniform distribution of the binder 
throughout the compressed body, continuing the 
application of heat and pressure until the binder 
is cured to a non-flowable state, and machining 
the relatively rough surface of the bonded mica 
product so produced to remove surface irregular 
ities. 

4. In the process of preparing bonded mica in 
Sulation, the steps comprising forming a body of 
mica flakes and a heat-curable flowable binder 
applied thereto, disposing a blanket of a resilient 
elastomer at least about 3% inch thick upon the 
body, placing the body and applied blanket into 
a press, Subjecting the formed body to substan 
tially the same pressure over the entire surface 
while being heated at an elevated temperature 
Suitable for curing the binder, thereby providing 
a uniform distribution of the binder throughout 
the compressed body, continuing the application 
of heat and pressure until the binder is cured to 
a non-flowable state, and machining the relative 
ly rough surface of the bonded mica product so 
produced to remove surface irregularities. 

5. In the process of consolidating a layer of 
nica with an applied hardenable binder disposed 
on a smooth, unyielding base, the step compris 
ing Subjecting the layer of mica flakes and the 
binder applied thereto to a substantially uniform 
unit pressure over the entire layer whereby the 
binder is substantially uniformly distributed with 
respect to the mica flakes, hardening the binder, 
and machining irregularities off the surface of 
the mica layer that was not against the smooth 
base. 

6. In the process of consolidating a layer of 
mica with an applied heat curable binder dis 
posed on a smooth unyielding base, the step com 
prising applying fluid pressure through an elastic 
member to the layer of mica flakes and the ap 
plied binder distributed within the layer to con 
Solidate the layer of mica flakes and binder with 
the binder being substantially uniformly dis 
tributed in the layer, heat curing the binder, and 
machining irregularities off the surface of the 
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mica layer that was not against the Smooth base. 
7. In the process of producing bonded mica, the 

steps comprising preparing a layer of mica flakes 
and a flowable thermosettable binder distributed 
therein, compressing the layer between a rela 
tively rigid flat smooth surface and a yielding 
resilient surface corresponding in its effect to a 
fluid diaphragm member, to apply to the layer 
a substantially uniform pressure over the entire 
Surface of the layer at a value below that suff 
cient to crush mica flakes, whereby a Substantial 
ly uniform distribution of the flowable binder 
with respect to the mica flakes is produced, heat 
ing the compressed layer to a temperature suffi 
cient to thermoset the binder, relieving the pres 
sure on the layer thereby producing a bonded 
mica layer having one flat, smooth surface and 
the other surface being highly irregular with 
many projections, and machining the irregular 

5 

() 

15 

O 
surface to remove the projections whereby a 
bonded mica layer of great uniformity in physical 
and electrical properties is obtained. 

EARL L. SCHULMAN. 

REFERENCES CTE) 
The following references are of record in the 

file of this patent: 
UNITED STATES PATENTS 

Number Name Date 
1,776,885 Cheetham ---------- Sept. 30, 1930 
2012,948 Boughton ---------- Sept. 3, 1935 
2,057,672 Ellis --------------- Oct. 20, 1936 
2,195,254 Miller -------------- Mar. 26, 1940 
2,401,299 Glavin ------------- June 4, 1946 
2,420,172 Griffeth ----------- May 6, 1947 
2,454.210 Runk -------------- Nov. 16, 1948 

  


