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The phenomenon of periodic precipitation was dis-

: i
nder d1scuss1on indeed

covered by Liesegang(2) in 1896, so it is known as "Liese-
gang rings". Liesegang observed that when a drop of con-
centrated silver nitrate solution was placed on a gel

containing potassium dichromate, the silver dichromate was
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not precipitated uniformly. The precipitation occured in a

set of rings. These regions were separated by clear zones

which were void of precipitate. Fig.1.1 gives examples

drawn from the work of Hatschek(3).

Nigl.®11 Coficent £ic Frling Sylstems lidlagar,
(a) silver chromate (wet) x 100,

(b) lead iodide (wet) x 100

,

(c) lead iodide (after drying) x 50

bl

(d) lead chromate (wet) X 50



Liesegang rings can occur in a variety df media,
such as agar gel(4-8), gelation(9), alumina gel(10)and si-
lica gel(11). It is important that the reagent or electro-
lyte solution can diffuse in the media (preferably inert
environment), and in due course react with one another

to produce periodic precipitate bands or rings each con-

sisting of insoluble W/ tialy soluble) clusters
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or crystals. Peri cipitates is produced

by combination ration and diffusion

velocities of Crystals and Liese-

gang rings in in nature. It is

thought that \?rs to banded agates,

gold veins in ine material in animal

tissue, and even attempts have been re-

ported to make the p14 ------------ i available as the design of
L IO

composite mateni  J
S '

Motivation m m
ﬂ‘lJEJ’J“fIEW]ﬁWEJ’]ﬂ‘i

resent composite materlals are ed for many
' o

appl faawqawqoﬂ ?@H u %’}q rél E]qaeﬂc optical

and e ectrical conduction because their properties can be

tailored over a range of values based on the properties
and geometric arrangement of the phases in composites,

which have to be controlled during fabrication or process-
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ing. Although composite materials displaying highly direc-
tional propeftiés are often desirable, they are difficult
to proéess by conventional fabrication. Only lately, it
has been demonstrated that the periodic precipitation
technique can be used as an alternative processing route to

Yﬁ pare multilayer structure
» ‘&)m})ine otherwise exclu-
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nmto light and good

e the precipitated

more conventional method§

composite(12). Such

sive properties,

electric conducgigjiyiﬂfﬁ

electric, magneti ic: T es. Based on the

ielectric, photo-

above ideas, ew glass composite

materials with metal or metal

compounds incorpor s matrix, which has

never been made
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exclusive properbies;—such-as tra ent and high elec-

the glass have

-ropéEhy. In addition,

the preparation multilayer glass composite material by

this techn i@leuxﬂ Qfﬂﬂnﬁ wﬁ :lﬂf‘jring shrinkage
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costs because the glass powder is less expensive than pure
reagents used in sol-gel processes. Condensation takes
place via viscous sintering. The sinter temperature is

fairly 1low (below 700 C). So, it is easy to control.
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.Viscosity and thermal expansion can also be controlled
by selecting the composition of the employed glass.
Unfortunately, there is very little information on how to
control the Liesegang rings, and how to render it
useful to material preparation routes. Heretofore, there

have been a number of attempts to explain Liesegang

formations and to quantif, dgsfric relationships between
gel and precipi e ﬁes'have met with only
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limited succe
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because the fo ipitates is depen-

7 at the theories is
i 2 -a\:\\: ental observations,

dent on a vast interrelated in a

complex manner. 2! \\~ uration and ionic

equilibria, pore ,iiﬁ of the gel and diffu-

sion coefficients ants, etc. In addition,
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outer and inne V’ lec v- ature and surface

concentration of

properties of e medium

are 1mporta t factors. So, in
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of metals orimetal compounds in a matr1x of glass and agar

e AR (K] EH‘%JW}QDW%H Brbdiitation
and solt gel preparation in such a way that no major obsta-
cles left for the sintering process. The report will show
that the preparation of suitable Liesegang ring systems

alone 1is a demanding task already. This task is rendered
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even lﬁore difficult by the restriction imposed by the

envisaged sintering process.

Objective

The main objecti f the thesis is the establish-
ment of a new prepa %e., the combination of
the steps of ar tiﬁmeration of periodic

precipitates o \ in the medium

compound
of agar-gel mix 4SS nd viscous sintering
within a singil \\ he focus is laid on

the steps of ge iG  a he generation of suit-

able precipitat sinter step enters the

considerations s ‘it poses restrictions on

the ways available _forigel pre ation and precipitation.
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in parallel by a;&gllow studqx}.. The function of the envi-
saged COﬂOuKEJ Qawlﬂﬂ§lwﬂ%ﬂr§cal conductivity
within a giqllassy matrix. ¢ The target precipitate is copper

in tﬂiwg a’ﬂaimiumng:mgﬁﬂo metallic

copper upon heat treatment.
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Scope of thesis work

1. Study the gel preparation method of a glass

powder and agar gel matrix.

iy e . rati108/of ,glass powder to agar gel

the gel. 1In d of glass 1is used

because the g . as s @ 'rgxqu lling medium only.

face of the glaSs | dad i % to give its surface

or coat the sur-

hydrophobic propert1 vorable morphology for pre-

cipitation. \
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St‘ay the effect of concen

4. rations of elec-
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systems electrolyte solutlon are copper nitrate
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5. Study other factors that effect to periodic
precipitation such as pH, temperature, volume of reser-
voir electrolyte, shape and size of the preform and parti-

cle size of the glass powder.

et S e

P P



6. Pre-tests on the behavior upon heat treat-

ment.

7. Pre-test on the decomposition of the preci-

pitates.

8. Chara

(/Jhe interface between

f
precipitates ban dISs by"seanning electron micro-

scope.

microstructure of

precipitate by

Literature survey

The !é

E}Tg of the mechanism
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of periodic prﬂvip1 ented(13-21). Yet,

until now the prdgess is not @Whderstood to the extent that

trial-and@luﬂgewﬂnjweﬂx’tlﬁt‘jted by a more
R G e

spatial non-random distributions of metallic or non-metal-

lic phase in gels(4-8) and polymer films(22). Eventually,
the ordering effect of a strong magnetic field on para-

and ferromagnetic particles in a matrix(23) is used.
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The theories and hypothesis(13-21) that.explain
the periodic precipitation formation are based on supersa-
turation, nucleation and coagulation. In addition(24-27)
was studied about diffusion and diffusion coefficients of
the ions during the precipitation. (4-8) was studied about

the many other factors that influence periodic precipita-

#/yctncal field, light etc..
I/ﬁthesm can predict the

distinct pattey & Precipitation, such as,
the distance W ' ;1'3 ind "~ the position of the

bands. When

tion, such as pH,tem

But until now,

the nature of

der uniformly dis-

persed in an 3
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sively serves ;3 or the electrolyte

solutlonsﬂwmﬂﬂ tﬁxﬁcwﬁqoﬂ ‘3 scheduled to

take place Within he agar gel phase and 1n -between the
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act as'l space fillers only, and eventually display unde-

el matrix exclu-

a transport medium

sirable heterogeneous nucleation effects the suppression
of which is a major challenge of this thesis. In a heat

treatment step, all reminders of the agar gel phase-except
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for the precipitated rings - have to be removed completely.
In a final sinter step (not an objective of this thesis)

the rings shall be incorporated into the glass matrix by

viscous flow.
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