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HIGH TEMPERATURE STRUCTURAL
INSULATING MATERIAL

CONTRACTUAL ORIGIN OF THE INVENTION

The United States Government has rights in this
invention pursuant to Contract No. W-31-109-EN-
G-38 between the U.S. Department of Energy and The
University of Chicago representing Argonne National
Laboratory.

BACKGROUND OF THE INVENTION

This invention relates to a high-temperature, low-
density structural insulating composite having a favor-
able combination of low thermal conductivity, high
compressive strength and elevated service temperature.
Composites of the invention have properties useful as
insulating structures at high temperatures and particu-
larly as liners within cylinders of high temperature
engines.

In the development of high temperature liners, avail-
able materials have in general not exhibited the desired
combination of thermal conductivity and compressive
strengths at operating temperatures of 800° C. and
above. The thermal conductivity of amorphous glass is
in the order of 1.2 Watts/meter/°C.(W/m°C.). A com-
mercial glass ceramic with voids has a thermal conduc-
tivity in the order of 0.6 W/m°C. At this value (0.6
W/m°C.) of conductivity, calculations indicate that the
radial heat conduction through the ceramic is roughly
equal to the axial heat conduction through the metal
wall which the ceramic is intended to replace for ther-
mal purposes. Calculations further indicate that effi-
ciency of a heat engine and particularly a Stirling en-
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gine would be improved if the thermal conductivity of 35

the insulation could be lowered to about 0.2 W/m°C.

While some materials have the lower thermal con-
ductivity, they usually have a useful service tempera-
ture below 800° C. and/or insufficient compressive
strength. In many instances, low thermal conductivity is
combined with low strength or high thermal conductiv-
ity is combined with high strength. A material having a
combination of a thermal conductivity below about 0.20
W/m"C. and a strength above about 250 psi and particu-
larly above about 400 psi would be desirable.

Accordingly, one object of the invention is a high
temperature insulating material. Another object is a
high temperature insulating material capable of being
formed into a structural member. An additional object
is a high temperature insulating material having a ther-
mal conductivity below about 0.2 W/m°C., a compres-
sive strength above about 250 psi and a useful service
temperature of above about 800° C. These and other
objects will become apparent from the following de-
scription.

SUMMARY OF THE INVENTION

Briefly, the invention is directed to a high tempera-
ture structural insulating material characterized by a
closed-cell, compact array of hollow ceramic beads
bonded together under pressure and sintering condi-
tions, and to a method of producing the structural mate-
rials. For purposes of this invention, “ceramic” refers to
a material having crystalline properties. The material or
composite is produced by forming a mixture of hollow
ceramic beads and a binder composition wherein the
beads and binder composition (coating the beads) are
compacted under sintering conditions (below the soft-
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ening temperature of the ceramic beads) and under
pressure to provide a compact, tightly packed array of
the beads with closed cells with the adjacent surface
areas of the beads being bonded together by the binder.
The ceramic beads preferably have a softening tempera-
ture above about 800° C., a size within the range of
20-200 pm diameter and a wall thickness in the range of
about 2-4 pum. The binder composition preferably in-
cludes a wetting agent and is used in an amount suffi-
cient to coat the external surface areas of the beads.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

In the method for producing the inventive composite,
hollow ceramic beads are selected which are small in
size, typically 20-200 microns in diameter with wall
thicknesses above about 2.0 microns. They are further
characterized by a bulk density in the order of about
0.3-0.5 gm/cc. They also are of closed cell, have low
thermal conductivity and have a fine finish and low
friction.

A mixture is formed of the beads and a compatible
binder composition. Preferably, the binder composition
includes a wetting agent such as an alcohol ethoxylate
to improve compatibility. Mixing is carried out by a
stirrer controlled by a low speed motor to remove air.
Suitable weight ratios of beads:binder composition are
in the order of 1:1-2 and preferably about 1:1.2-1.6.
With the wetting agent, the ratios of beads: wetting
agent:binder are in the order of 1:0.01-0.02:1-2 and
preferably 1:0.012-0.016:1.2-1.6.

The binder is selected to form a strong adhesive bond
between adjacent surface areas of the beads. With col-
loidial silica gel binder, a wetting agent is preferably
used to increase contact between the beads and binder.
Preferably, the binder is a commercial colloidal silica
solution marketed by DuPont Corporation as Ludox
HS30.

The combination of beads, wetting agent and binder
after mixing are inserted into a suitably shaped form and
compacted under sintering conditions and pressure to
provide a compact, tightly packed composite. The sin-
tering conditions include a temperature of above about
700° C. and preferably above about 800° C. With ceram-
ics having a softening temperature above about 1200°
C., the sintering temperature preferably is above about
900° C. Preferably, the pressure is applied incremently
to reduce the initial volume by 10-20% and provide
some slight physical distortion of the beads to increase
the adjacent surface areas of the beads and provide a
compact composite.

The following examples are provided for illustrative
purposes and are not intended to be restrictive as to the
scope of the invention:

EXAMPLES I-IV

In tests to produce an insulating composite, two dif-
ferent beads were selected having useful temperatures
above about 800° C. and other properties as set forth in
Table 1. Both were obtained from Emerson Cummins
Company of Canton, Massachusetts and are identified
as “SI” (a borosilicate glass) and “FA-A” (a ceramic)
being crystalline and reportedly having a metal content
predominantly of Si and Al with Fe, Mg, Na, K and Ti
being present by weight in the respective amounts of
2%, 1%, 0.5% 0,5% and 1%. Properties of these beads
plus a sample of glass beads (D32/4500) from Minnesota
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Mining and Manufacturing Company are provided in
Table L

TABLE I
Physical Properties of Three Microsphere Brands

Commercial Designation St FA-A D32/4500
Composition glass ceramic glass
Bulk Density,
Ib./cu.ft. 9.5 25.0
g./cc. 0.155 0.4 0.32
True Particle Density
Ib./cu./ft. 15.8 46.5
g./cc. 0.254 0.65
Particle Size Range
(by weight)

>1751 0 5

149-175pu 14 11

125-145p 10 19

100-125p 12 24

62-100p 40 35

44-62p 15 4

<44p 9 2
Packing Factor 0.559 0.620
Average Wall Thickness, um 1.5 35 0.8-2.2
Softening Temperature 985 1200 715
Strength under hydro- 55.0 83.0 10
static Pressure
[Volume % savings at

1500 psi (100 kg./cm?)}
Thermal Conductivity 0.10 0.13 0.029-0.12

(W/m °C)

Six samples of the FA-A beads having bulk densities
varying between 0.422-0.474 gm/cc were made into
composites. Previously, it had been determined that
FA-A beads could not be sintered in air at 950° C. with-
out any binder. In the process, the beads of each sample
were mixed with a wetting agent (GAF’s Antarox
BL240) and a binder (DuPont’s Ludox HS30) in a ratio
of 1:0.015:1.4. The mixing was carried out by stirrer
connected to a slow motor. The wetting agent is further
identified as an alcohol ethoxylate with the binder being
identified as a colloidal silica solution (aluminum modi-
fied silicate, pH values 8.6-9.3).

The mixture was then placed in a hollow form to
provide a wall-like shape and heated to about 950° C.
for sintering for about 8.5 hours. Pressure (estimated to
be at least 50-100 psi) on the mixture was applied by a
compactor and reduced the volume by about 20%.

As revealed by scanning electron photomicrographs,
the beads are retained in compact, tightly packed struc-
tures without cracks in adjacent portions of the beads.
. Most of the beads are bonded to adjacent beads to form
structural-strong arrays of bonded beads. The informa-
tion from enlarged photos further reveals a slight distor-
tion of many beads which increases the surface area of
bonding between adjacent beads.

Performance tests were run on the four samples and
provided the data in Table II.

TABLE 11

Bulk

Den- Thermal

sity Compressive Conductivity
Sam- gm/ Strength Young’s Strength
ple cc psi Modulus W/m °C
330 0.446 968 27.30 X 104 psi 0.122
412 0440 1208 8.88 X 104 psi 0.110
419 0474 627 589 x 10* psi 0.117
615 0.423 ~ (488-573)  (7.08-7.48) X 10%psi 0.104

As indicated above, the thermal conductivity was
below about 0.2 W/m°C. with a compressive strength
above about 400 psi. These materials also exhibited low
thermal stress and low gas permeability.

In contrast, other tests with the “SI” beads were
carried out and revealed that collapse of the beads oc-
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curred at about one atmosphere pressure and 830° C.
Sintering of the beads at 950° C. with sodium silicate
solution was unsuccessful as only partial sintering was
obtained. Bonding agents were used including Dupont’s

5 Ludox HS30 without success. Inspection of the samples
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revealed that the walls of some beads become broken
and the beads tended to soften and deform.
Beads having lower softening temperatures of 700° C.
and identified as D32/4500 from Minnesota Mining and
Manufacturing Company were made into composites
by sintering at about 600° C. without any bonding
agent. While they exhibited good properties of thermal
conductivity and strength, their low softening tempera-
ture would limit their usefulness at temperatures above
800° C.
The foregoing description of embodiments of the
invention has been presented for purposes of illustration
and description. It is not intended to be exhaustive or to
limit the invention to the precise form disclosed, and
obviously many modifications and variations are possi-
ble in light of the above teaching.
The embodiments of the invention in which an exclu-
sive property or privilege is claimed are defined as
follows:
1. A method of producing a structural insulating
composite having a useful temperature above about
800° C. a thermal conductivity of below about 0.2
Watts/meter/°C. as measured at temperatures in the
range of 25°-200° C. and a compressive strength above
about 400 psi, the method comprising the steps of
selecting hollow ceramic beads having a metal con-
tent predominantly of Si and Al, an outer diameter
in the range of about 20-200 microns, a wall thick-
ness of above about 2 microns, a softening tempera-
ture above about 800° C., and a bulk density above
about 0.3 gm/cc,
forming a mixture of the ceramic beads with a com-
patible binder composition in amounts sufficient to
coat the beads and in a beads-to-binder ratio of
about 1:1-2 by weight, '

removing entrained gas bubbles in said mixture, and

compacting the mixture under sintering conditions
and pressure to provide the structural insulating
composition, the sintering conditions including a
temperature below the softening temperature but
above 700° C., and a sintering time sufficient to
produce said composite with said temperature,
thermal conductivity and compressive strength,
the pressure being applied to increase the surface
area of contact between the bead surface areas
being joined by the binder composition.

2. The method of claim 1 wherein the selection of
ceramic beads results in said beads having a thickness of
about 2-4 pm.

3. The method of claim 2 wherein the binder compo-
sition includes a wetting agent in a ratio of beads:wet-
ting agent:binder of about 1:0.012-0.016:1.2-1.6.

4. The method of claim 3 wherein the binder compo-
sition includes colloidal silica suspension having ce-
ramic bonding properties as a binder and the ratio is
about 1:1.4, and said beads have a minor content of Fe,
Mg, Na, K and Ti.

5. A shaped, structural insulating composite being the
product of the method of claim 1 and characterized by
a closely packed, bonded array of said beads with
closed cells.

6. The shaped, structural insulating composite of
claim 5 wherein the weight ratio of beads to binder
composition is about 1:1.4.
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