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4 Introduction

(a) Honeycombs

Structures like the honeycomb shown in Fig. 1.t(a) can be made in al least four
ways. The most obvious is to press sheet material into a half-hexagonal profile
and glue the corrugated sheets together. More commonly, glue is laid in parallel
strips on flat sheets, and the sheets are stacked so that the glue bonds them
together along the strips. The stack of sheets is pulled apart (‘expanded’) to give
a honeycomb. Paper-resin honcycombs are made like this; the paper is glued
‘ and expanded, and then dipped into the resin to protect and stiffen it. Honey-
\ combs can also be cast into a mould; the silicone rubber honeycomb shown in
the figurec was madc by casting. And, increasingly, honeycombs are made by
extrusion; the ceramic honeycombs used to support exhaust catalysts in automo-
biles are made in this way.

(b) Foams

Different techniques arc used for foaming different types of solids. Polymers are
foamed by introducing gas bubblcs into the liquid monomer or hot polymer,
allowing the bubbles to grow and stabilize, and then solidifying the wholc thing
by cross-linking or cooling (Suh and Skochdopole, 1980). The gas is introduced
either by mechanical stirring or by mixing a blowing agent into the polymer. Phy-
sical blowing agents are inert gases such as carbon dioxide or nitrogen; they arc
forced into solution in the hot polymer at high pressure and expanded into bub-

Figure 1.2 Comparison
between a cellular solid and
a solid with isolated pores.
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Making cellular solids 5

bles by reducing the pressure. Alternatively, low melting point liquids such as
chlorofluoro-carbons or methylene chloride are mixed into the polymer and
volatilize on heating to form vapour bubbles. Microcellular foams, with cell
sizes on the order of 10u, can be made by saturating, under pressure and at
room temperature, a polymer with an inert gas and then relieving the pressure
and heating the supersaturated polymer to the glass transition temperature,
causing cell nucleation and growth to occur. Chemical blowing agents are addi-
tives which either decompose on heating, or which combine together when
mixed to release gas; sodicarbonamide is an example. Each process can produce
open- or closed-cell foams: the final structure depends on the rheology and sur-
face tension of the fluids in the melt. Closed-cell foams then sometimes undergo
a further process called reticulation, in which the faces of the cells are ruptured
to give an open-cell foam. Finally, low-density microcellular polymer foams
and aerogels with relative densities as low as 0.002 and cell sizes as small as 0.1
can be made by a varicty of phase separation methods: one is to precipitate the
polymer as a low-density gel in a fluid and then remove the fluid by evaporation
(LeMay et al., 1990).

Metallic foams can be made using either /iquid or solid state processing (Sha-
povalov, 1994 and Davies and Zhen, 1983). Powdered metal and powdered tita-
nium hydride or zirconium hydride can be mixed, compacted and then heated to
the melting point of the metal (o evolve hydrogen 4s a gas and form the foam.
Mechanical agitation of a mixture of liquid aluminium and silicon carbide parti-
cles forms a froth which can be cooled to give aluminium foam. Liquid merais
can also be infiltrated around granules which are then removed: for instance, car-
bon beads can be burned off or salt granules can be leached out. Metals can be
coated onto an open-cell polymer foam substrate using electroless deposition,
electrochemical deposition or chemical vapor deposition. Metal foams can also
be made by a eutectic transformation: the metal is melted in an atmosphere of
hydrogen and then cooled through the cutectic point, yielding the gas as a sepa-
rate phase within the metal. Solid state processes usually use powder metallurgy.
In the powder sintering method, the powdered metal is mixed with a spacing
agent which decomposes or evaporates during sintering. Alternatively, a slurry
of metal powder mixed with a foaming agent in an organic vehicle can be
mechanically agitated to form a foam which is then heated to give the porous
metal. Metal foams can also be formed by coating an organic sponge with a
slurry of powdered metal, drying the slurry and firing to remove the organic
sponge. In one of the most remarkable processes, single crystal silicon can be
made porous by anodization: a silicon wafer is immersed in a solution of hydro-
fluoric acid, ethanol and water and subjected to a current for a brief time ( Bellet
and Dolino, 1994). The anodizing process tunnels, giving an interconnected net-
work of pores with a cell size of 10nm and a relative density as low as 0.1; yet
the material remains a single crystal.

L
IBOCKET

L A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

Nsights

Real-Time Litigation Alerts

g Keep your litigation team up-to-date with real-time
alerts and advanced team management tools built for
the enterprise, all while greatly reducing PACER spend.

Our comprehensive service means we can handle Federal,
State, and Administrative courts across the country.

Advanced Docket Research

With over 230 million records, Docket Alarm’s cloud-native
O docket research platform finds what other services can't.
‘ Coverage includes Federal, State, plus PTAB, TTAB, ITC
and NLRB decisions, all in one place.

Identify arguments that have been successful in the past
with full text, pinpoint searching. Link to case law cited
within any court document via Fastcase.

Analytics At Your Fingertips

° Learn what happened the last time a particular judge,

/ . o
Py ,0‘ opposing counsel or company faced cases similar to yours.

o ®
Advanced out-of-the-box PTAB and TTAB analytics are
always at your fingertips.

-xplore Litigation

Docket Alarm provides insights to develop a more
informed litigation strategy and the peace of mind of

knowing you're on top of things.

API

Docket Alarm offers a powerful API
(application programming inter-
face) to developers that want to
integrate case filings into their apps.

LAW FIRMS

Build custom dashboards for your
attorneys and clients with live data
direct from the court.

Automate many repetitive legal
tasks like conflict checks, document
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks
for companies and debtors.

E-DISCOVERY AND

LEGAL VENDORS

Sync your system to PACER to
automate legal marketing.

WHAT WILL YOU BUILD? @ sales@docketalarm.com 1-866-77-FASTCASE




