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The bondad mica board calied Mice-Ramic is one of maay products
doveloped during searciaes for shect nlc: substitutes, The unijue properties
of sheet mica ideally suit it to certain eloctrical .nd electrenic applicaticas.
itgploce of distincticn is shown by the tact that the governuent pays as
much as $70 a pound for str.cegic ;rades, 32cause Of the value of this
noteriel the scarch for replicemeats has been relentless.

The first substitute to enter the market wes built-up mica which
was invented in 1892, This fiexible msterial, mede by pastiag mice splittings
together with varnish and otaer organics, has been substituted for sheet mica
in many electrical applicaticas. The inherent disadvzntagesof built-up mica
or2 high cost and poor neat resistonce,

various cerami¢ matorials nave s2lso been developed Lor use as
clectrical and electronic iasui.ters, and h:ive replucad sheet mica ia curtain
coses, among the best kaown of these cuaramics are steatite and Mycalex, cr
glass-bonded mica.

The most direct ~ttompts to replzce aaturzl sheet mica are projects
on nica synthesis., At least nine organizctions in this country, lted by tno
surosu of Mines at Norris, are devaloping and evaluating varicus synthetic
mic~s and reconstituted synthatic aiccs, Although a substitute for
strotegic natural mica hes not beea found, iaterest is being shown in severzl
types of reconstituted synthetic mica,

nuring teceat ye-rs at least four recoastitutad anatural mice products

heve 2lso been developed aad have been plecad on the market. Thrce of these,

* presented at meeting of Southeastarn section, american Coramic Society,
Getlinburg, Tennessce, June 26, 1959.
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Mica Mat, Integratad Mica cnd lsomice or Semice, are formed frem extremely
thin mica fi.kes by paper makiag tochniques. The unadulterzted peper hes a
fow uscs, but normelly it must be strengthened by addition of « small amount
of organic binder, which limits the uscfulness of the product. The fourth
product is Mica-Ramic, an inorganically-bondcd mica bo.rd, which is the
subjcet of this report.

Mico-donie was developed in 1952 by the North Carolinc State College
Mincra's Research Leborstory under the sponsorship of Farnea Meaufccturing
Company. Lt consists of aluminum whosphate-bonded mie: flekes., 4As early as
1926 Dawcs =nd 3oughton obteined & patent on phosphote beading of fine mica,
but -pparently their products hed soluble constituents <cnd therefore were
not s-tisfactory for clectriccl insulation. Aluaiaum phosphate, which is an
.xcellent boading cgent, wes descridbed in U, S. pateat No. 1,828,211 in 1931,
Hewevzr, nc attempt to make an electrical iasulotor froam fleke mica and
-luninum phosph:te is koown prior to the development of Miczc-Ramic. 00 the
basis of an crticle on cluminunm phosphetes by H. H. Greger in the August 1950

3arick aad Clay Record, it wes decided that this should be the first binder

iavestigat.d ia the Fernam project. From the unusuel properties of the first
sheot produced it wes obvious thet this material hoed potentizlities not oanly
~s - substitute but as ¢ new insulating materizl, A process development
progrem was therefore staerted immediately.

The first problems to be spproached werz (1) type of micz to use,
(2) how to incorporate the mono aluminum phosph:zte with the mica end (3) how
to form ¢ uniform sheet. It was decided to use grouad micc, slurry it with
2 wetor solution of the phosphate snd pour onto a buchner funnel with filter
poper for retaining medium, A slight rotery motion was glven to the slurry
while applying vaocuum, This procedure was successful cnd wes used for all

the early testing.
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Early in the investigation two articles on properties of aluminum
phoschates by W. D. Kingcry(l) were studied. A most important property of
mono aluminum phosphate was found, At a temperature of spproximately 250° C
it forms s materisl which is not soluble in water a2nd is essentiully non-
hygroscopic. The cycle cdopted therefore was to dry the mcterial at 1109 C
in 2an oven and then in & muffleor furnace a2t 250° C or over,

As the investigation proceeded, it rzpidly became apparent that a
new mcterial with goed clectrical properties, but only limited flexibility was
being developed. With the -cceptance of this fact, experiments were directed
toward developing the strongest possible material, Tests were made to study
(1) type of mica to use, (2) type and rate of drying, (3) amount of mono
aluminum phosphate, (4) method of firing, (5) use of additives and (6) other
raw miterials, The results of the tests indicated that the optimum coaditions
for the best product were to use ground delcminated mieca and concentrated
monc zluminum phosphata solution, dry slowly uader infra red light and
vress-firc at 250° C or more for aut least 30 minutes.

yith the construction of a sheking box and 2 heated press, laorger
scole tasts ware bogun and samples for market 2avaluation made. Studies were
startad on - continuous process similar to paper making. During this phase
two m2jor problems werz encounterad., They were the tcndency of the sheet to
bloat if dried too fast and to stick to the dividers in the press. The
blozting problems were intensified when very highly dalaminated mica wes usad,
As a rasult the process developed to & point where hcmmer mill ground minus 20
mesh mice £rom shop scrap was used and sheets were dried slowly by infra red.

Aluminum foil was plcced between sheets of dried board and the dividers before

(1) "Fundemental Studics of rhosphate 3onding in Refractories”
Journal American Cercmic Socicty, vol. 33, No. 8, August 1950
Journal amcriczn Ceremic Socioty, Vol, 35, No. 3, Merch 1952




e

placing in the press, Mony experiments were mcde to find ¢ suitable substi-
tute for the aluminum foil, howcver, they met with limitcd success.

The mica-mono aluminum phosphate sheet has & most remarkable
progarty when partially dried. At & critical molsture content the material
has considercble strength and is soft cnd plieble, Tests were made to try to
roll the materisl while in this state end to form it into various shepes.
This crea provides one of the mejor possibilities for futurz cxpension iato
-dditional new products,

The next step was to develop the process to a production lovel.

Some of the Laboratory problems hzave been resolved end somec remain. However,
commcrcial production has been in operation for five years under the trade
name of Mice-Ramic and protected by U, S§. Patent 2,760,879, Briefly the
plant flowsheet is as follows: grind scrup mica in hammer mill to =20 mesh,
mix with mono aluminum phosphate solution, pump to vacuum box with aylon
filter cloth, apply vacuum, remove sheet, dry under infrz red until hard,
vlzce between dividers and sluminum foil «nd press fire «t 250° C or zbove
for 30 minutes or more. The material is cooled and aluminum foil is stripped
from the shects,

The product which comes out of these operatioas is o greyish-white,
semi-rigid bocrd or shaped part of ifnorganic composition. 1t is capzable of
being worked in many ways. 1t can be punched, scwed, sheared, drilled,
tapped, and machined.

The di:lcctric strength of 300 volts/mil of thickness is adequate
for clectricel appliances, and unlike organics, its dielectric strength does
not diminish appreciebly &t elevated temperature - neither doas its insulstion

resistance.
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Thermal shock has little effect on Mica-Remic, It stands repeated
heat-cool cycling in its opercting tempereture renge.

A product with these qualities is suited particulerly for those uses
where heat and clectricity ere both present. Some of these places are in
thormostcot stecks, waffle irons, tossters, electric irons, electric heating
cloments, hand dryers, heir dryers, and other similar applications.,

Mica-Remic hecting elements zre a patcented development of Fornaam
Menufacturing Conmpeny. These elements combine both the heating medium and
insulation in onc body. Where required, metel sheaths may be added. 1a zir
or space heating finned sheaths are used to make heet transfer more cfficient.
Fioned elements cre ideslly suited to clectric basebosrd hezters end can be
mounted in bonks for forced air heaters., The non-finned type may also be
uscd in these applicetions but these zre better suited to hecting gpplica-
tions where=in the elcment is eclemped tightly to the surface to be hested,

This type of element has meny applications from melting butter for popcorn
machines, to heat sesling plzstics, taheating pleten presses,

In the immedicte future the baseboard heating element promises to be
the bost sales outlet., Other pheses which will probably develep in the future
are tablet pressing snd also molding of intricste shapes from plicble, uncured
meterial. It m2y also be possible to take advantage of tnhis flexible ccndition
in & pre-pressing or densifying operation which would increcase final strength
of the board.

Experiments with a smell Fourdrinier type pazper mzchinc hive
dem;nstrated the fecsibility of producing uncured Mice-Ramic shcets by e
continuous process., This operetion will be perfected and used when warranted

by sales volume,



