Chapter II

Theoretical Part
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N edominant process in glass

Sintering has ( ; ' ._~'»..- !of conventional and technical

and metal production. intering has been playing a

major role in metallugg '»\\.. Sintering of glasses. by
contrast, is a relati¥elyfin; FOCES! R déveloped in connection with
special applications, chif as.iwitrific g Of nuclear wastes, production of
filters, biomaterials, pre A fi T—E
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viscous sintering -wa O s in the production of
-

fibers, etc., The development of

ultrafine powders | %ol - gel technology). These

materials exhibit a»ﬁglass - ike™"Behavior. In smciﬁc, they often sinter via
viscous flow. The fntfinsic advanta f _ visco intering lies in the
combination ﬂuﬂxgnm ﬂm ﬂﬂg;] fej}ilogy, high chemical
versatility , andqﬂ relativd low focess A N
%eﬂlﬁﬁhiﬁ mﬁiﬁﬁﬂgxﬁ EJ a compact of

small particles (green body; pre - form) intc a monolith by the application
of heat. As a common feature of all sinter processes, the decrease and
dissipation of surface energy is the primary step. Distinctive features consist
in the presence or absence of further driving forces (e.g.,, by chemical
reactions), in the location of the process temperature relative to the liquidus

temperature of the system, and predominant transport (i.e. dissipative)




mechanism. The process of liquid phase sintering, solid state sintering, and
viscous sintering, are shown in the following list:
Table 2.1 Comparison of Three Types of Sintering
. ohd state Vicous
tering termg sintering
Starting materials one | amorphors, one
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Sintering
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distinctly below

Trq of the system

Additional driving none
force |
transport mechanism solid  state viscous bulk

flow
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high - diff@sivity |in tum, the
‘ glass transition
ﬂ u temperature, T
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In a conventional ceramic process, the chemical reaction from kaolinite

to metakaolinite and then to mullite predominates.
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(é) Demonstration of the bulk flow in viscous sintering
When taking a closer look to the process of viscous: éintering, the
nature of the amorphous starting materials must be understood ﬁrét.
Amorphous materials occur as monoliths or as fine particles. As a ;:ommbn
feature, they all exhibit a “glass - like behavior . Upon heat treatment, théy

undergo a gradual softening rather than exhibiting a distinct melting point
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(which nonetheless is a well - defined system property even for amorphous
materials). To be more specific: They exhibit the typical features of the
viscosity - temperature relation known from glasses. These are: a glass
transition temperature, Tg, a dilatometric softening point, T,,, a Littleton

softening point, T, indicative ¢ croscopic form stability, etc. The sketch
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Fig. 2.2 Behavior of a glassy material in terms of the viscosity - temperature

relation below Tuq§ (a) technological ranges; (b) typical dilatogram.




Studying the behavior of small amorphous particles has shed much
light on our understanding of the nature of monolithic glass as well as on
the liquid state in general. Both states do not seem to be perfectly
homogeneous after all.

The feature which makesh k aterial an amorphous material is the

freezing - in of a relaxation " mechs onsible for the establishment of

an ordered (crystalline ure. a@ly. frozen - in phases behave

\\ propemes such as density,

L, can be brought about by

increasing

- precipitation (plasma, gas, liquid)
- applying a higfl
fast enough so that structural * re ill foccur. Indeed, all of the
- ' are, in the same

above options GO

sequence: technicalmglasses; a polymeric sol - gel .

process; technical polymiers; droge zﬁoﬁ aerogel prempltates
and other n u-; qmﬂﬂ .m)ﬂ’l

The nature of m lﬁ( for viscous
smtem% W ﬁn‘ip yﬁﬁﬁnﬁtjm:] eaneasy to label

them as amorphous, because they clearly see traces of crystallinity, e.g., in
a high resolution TEM. The fact is faced that on a scale of only a few .
lattice constants, the terms “crystalline” and “amcrphous” merge. E.v'ttremély
small particles will barely assume the shapes of perfect single crystals with
perfect faces; such particles will rather tend to assume rounded boundaries

due to the very high surface forces. On the other hand, a _smail array of
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material can barely be arranged in a perfectly disordered way. Chemical
forces will impose a distinct near - range order. The common denominator
of the otherwise conflicting points of view is the diffuse boundary. It is
then a matter of taste rather than of scientific correctness to label these

. 13 ‘ i} 1 L] 13 3
materials as not perfectly cmydtallized , ~amorphous , nano - crystals , or

nly atter of degree rather than of
as.sﬁ well crystallized materials. In

these materials, u- s \ ical fluctuation of the lattice

a different sense. They may

113 bb)
nano - glasses . And

constants. These mateaiilss afe ar T \\

have quite large grai " fizé) A sharp bou anes in - between. Although
sintering at significa ¢reased, Memperatt they do not sinter by
viscous flow, but B

When powders” o lassy- aractéristics are sintered to monoliths,
then the grain boundaries “be _ AnVIS and almost undetectable. It is
very suggestive g ~ glass. In fact, materials

derived by viscau§l si ,r«"» melting from the same

. e T8 ’ Tl ,
system are v1rtual]E indistinguishable.  Until toddy, almost any claim for an .
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Fig. 2.3 Scheﬁlagic for_sintering’ ALO, _ =

(@)l Ultrdfine! ALOY Paftidle’ shéwing® both Mtle 'fedthres of a crystal
and the rounded boundary; image width ~90
(b) Array of ultrafine Al,O, particles; image width ~ 600 nm

(c) Sketch of a sintered nano - material with diffuse grain

boundaries
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Densification Kineti

Modeling the densification kinetics in viscous sintering is not simple,
but at least easier than for solid state or liquid phase sintering. A model

based on an array of monosized §s es suggests that the densification rate

linearly depends on the se - callet i velocity om (i.e., the quotient

of surface tension a Y 1 ﬁely proportional to the size
of particles. Thus ( E!mperature and particle size
The time demand for ] proximated by

2
ok

The model is insensitive towards particle

geometry. With

i
uniaxially "=« 1C broken  particles (crushed glass),
however, an expresse nisotropic ’ avior is observed. In
addition to the re‘év‘_, p N ‘ ep”) rate occurs. Such

problems have to l@contro ed m the aﬁcatiormof the green body already.
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A glassy phase is in a frozen - in state wﬁicll. is close to, yet
distinctly different from the underlying equilibrium. This can be expressed
by the Gibbs free energy difference of devitrification, € It‘ is témpting
to estimate G,, by an interfacial term, G'. For structural entities of radius,

T, Gx- takes the value 3o Vm,r’r
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where o = surface tension

V" = molar volume (molar mass divided by density).

For r, the critical radius 1, from nucleation theory is employed, and

its value at the glass transitior '~ (2/3) Ty, is adopted.

2.2
m m

r 6 c V/H 23

m

where H

Tg = »

Actually, 1,is stall [thaniat > T,. Thus prior to being
frozen - in, the entities remiau—suberitieal and transient species, but no real

phases. They m be d _5 evaluation of G, by
| Wifference of devitrification,

T

equation. (3) yiel »y

H ,, is derived bﬂ the rela , where S, is the - zero

point entropy lass; acco . Thus, at T = 208
K. H, & ﬁu es mﬂﬂ ﬁiﬂﬂﬂﬁ depending on the
value of In table 2. ﬂ g PR © H,
A AN ATV A o

Gyy = (0.53 + 0.05) H , which is in good agreement with the above

concept.
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Table 2.2 Enthalpy and Gibbs free energy differences of devitrification, and
heats of melting, in kJ/mol; liquidus and glass transition

temperature in K

compound Haev Gaev Ti1q - ompound Haev Gdev Hm Ti1q Tg
203 18.2 11, flad 711 - 1603 =
‘A-Sz2 71.7 60. 87.7 53.8 - 1562 838
A-Sa 67.8 61. 87.0 BO0.3 - 1483 743
-A-Se  89.6 72. 29.3 24.4 57.7 1393 =
S 8.2 37.7 34.7 52.3 1361 684
-S2 12.6 £9.3 25.4 35.6 1147 724
S = = - 82.8 1817 1065
S2 54.4 49.7 22«2 18.3 - 1013 =
A-Se 103.8 92.8 15.1 12.8 53.6 1018 -
A-Sa  T73.7 67. 8.1 6.7 34.5 1037 695
A-Sz  47.2 44, 9.5 8.0 9.6 1996 1495

ZZ2ZrrrRxR>x>xOm

In this thdsTwork IGs id instead of 10™ dpas

]

’ 1] .
because a temperatﬁ relat O a viscosity Evel, so in the report. the

o w BUBAT ﬁfﬂ?ﬁlﬂ g
AMIAN TN INGINY




	Chapter II Theoretical Part
	Viscous Sintering
	Densification Kinetics
	Glassy Phases Versus Crystalline Phase


