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Nucleation of the Li20 . 2 Si02 phase from glass shows a distinct depend
ence on melting temperature while there is just a minute dependence on melting 
temperature for nucleation of the phase from melt. 1'he largest amount of 
nuclei is formed in glass if this is heated closely above the melting temperature 
of the Li20 . 2 Si02 phase. Monomers play n mnjor part in the nucleation 
process in melts whereas polymerized units behave in this way in glass. 

INTRODUCTION 

The paper is concerned with the effect of melting temperature on nucleation of the 
LizO . 2 SiO2 phase on cooling down from melt as well as on heating up of glasses 
of the same composition. The nucleation was followed indirectly by the DTA method 
according to Marotta et al. [l, 2]. 

Nucleation in glass proceeds under conditions different from those of nucleation 
in melt. There are differences particularly in temperature, viscosity and structure 
of the parent phase. In melt, in a liquid medium, nucleation takes place close below 
the melting temperature or the liquidus temperature. In the case of glass, the tem
perature maximum of the steady state nucleation rate occurs in the region of its 
transformation temperature. 

According to Kirkpatrick [3], nucleation in silicate melts depends above all on the 
molecular processes taking place at the boundary cluster (or nucleus)-parent phase. 
The main factors involved are the type of units (SiO4

4, SiO3
2, SiO2 , SiO+2) which

become attached to the cluster, and the number of interrupted Si-O bonds resulting 
from this. The kinetic barrier of the unit-to-clm,ter attachment is the lower, the 
lower the number of Si-O bond interruptions the process requires. 

The study had the aim to assess nucleation of the Li2O . 2 SiO2 phase under various 
conditions from the standpoint of Kirkpatrick's theory. 

EXPERIMENTAL 

Glass having the stoichiometric composition Li2O . 2 SiO2 and prepared in the 
usual way [4] was used in the study. Crystallization of glasses and melts was followed 
by means of the DTA 404 apparatus by Netzsch using Pt crucibles and samples 
of constant weight (0.394 g).The DTA measurements were carried out in two ways: 

a) crystallization from melt-the samples were held for 2 hours at 1 030-1 500 °C
directly in the DTA apparatus and then followed by to DTA at a cooling rate of 
20 °C min-1. 

b) crystallization of glass-the samples were kept for 2 hours in an electric furnace
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at I 030-1 500 °0 in Pt crucibles of the DTA apparatus. The crucible with the 
sample was then rapidly quenched in an ice-water mixture to produce glass. The 
DTA was then performed at a heating rate of 20 °C min-1. 

The DTA curves of the crystallization of glasses (Fig. I) as well as of melts (Fig. 2) 
are very distinct, showing well defined peak temperatures (Tables I and II) and with 
melts also the onsets of exothermic deflections. The reproducibility of the experi-
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Fig. 1. DT A curves of the crystalliza
tion of glaasea having the composition 
Li20 . 2 Si02 , melted /Of' 2 hours at the 
given temperatures (1 050°0, J 500 °G). 

Table I 
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Fig. 2. DT A curve of the crystalliza
tion of melt having the composition 
Li20 . 2 Si02 which was kept/or 2 hours 

at 1 050 °0. 

Parameters of DTA curves of the crystallization of melts 
prepared at temperature t; tm is the DTA crystallization peak 
temperature, e2 is the temperature of defleotion onset, Lle is 

the undercooling (t1 = I 034 °C) 

t [°C] I t, [°C] I tm [
°C] I �t [°C] 

I 500 985 955 49 

I 400 985 955 49 
I 200 980 950 54 
I JOO 980 950 54 

I 050 980 950 54 
I 030*) - - -

•) crystalline phase 
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ments was ±3 °0. The temperatures of the peaks are used in the calculation of the 
nucleation parameters. 

The identical crystalline phase of LizO . 2 Si02 was identified in the crystallized 
melts and glasses by powdered X-ray phase analysis. 

Table II 

Dependence of the relative number of nuclei, N/N0, and the 
DTA crystallization peak temperature tm , on the glass melting 

temperature t 

I 
I

' 

t [°C] 
I

tm [
°C] N/No 

I 500 695 l.O

I 350 680 2.I

I 200 660 6.0 
I 100 645 13.5 
I 050 635 23.6 
1 030*) - -

*) crystalline phase 

ANALYSIS OF RESULTS 

Under the standard conditions of DTA crystallization of the glass or melt, the 
temperature position of the DTA peak is a function of the number of nuclei in the 
sample [l, 2]. In the analysis at increasing temperature (crystallization of glass), 
a shift of the DTA peak towards lower temperatures corresponds to an increased 
number of nuclei in the sample. The opposite applies to crystallization of melts 
(on cooling); a higher number of nuclei is indicated by higher temperatures. Crystalli
zation from melt will proceed at a lower undercooling, closer to the melting or liquidus 
temperature. 

The relative number of nuclei, N/N0 , is a function of temperatures Tm [l, 2]: 

lnN/No=- --- , 
Ee ( 1 1 ) 
R Tm � 

(1) 

where Ee is the activation energy of crystal growth, 
Tm , Tg, are the crystallization peak temperatures of the samples. 

The temperature of 968.2 K was chosen for T:!, (Table II). It is the peak tempera
ture of the DTA curve due to crystallization of glass which was melted at the highest 
temperature of 1 500 °C. The lowest number of nuclei was formed in this sample 
during the DTA, and the sample therefore crystallized at the highest temperature. 

Equation (1) allows the relative number of nuclei, N/N0 , to be calculated for 
a known value of Ee . Use was made of the value 385 kJ mole-1 presented by Freiman
and Hench [7]. 

The values of the relative numbers of nuclei N/N0 depend on the temperatures 
of melting of the glasses (Table II). In glass melted close above the melting temper
ature of the Li20 . 2 Si02 phase there arise, under identical conditions, about 24 times 
more nuclei than in glass melted at 1 500 °0. 
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DISCUSSION 

In the crystallization of melts, the temperatures of the DTA peaks depend only 
little on the temperatpre at which the samples have been melted; the differences 
established are at the limit of the measuring error. This result may have been affected 
by the measuring method which did not allow the rate of cooling to be increased 
above 20 °C min-1

. As a consequence, the high-temperature structures had probably 
not survived the cooling down to the crystallization temperatures, i.e. 49-54 °0 
(Table I) below the melting temperature of the Li20 . 2 Si02 phase (1 034 °C - [5]). 

More favourable conditions exist for the investigation of nucleation in glass. A small 
amount of melt in a Pt crucible was rapidly quenched in an ice-water mixture. The 
quenching took just several seconds. Under these conditions one may assume better 
preservation of melt structures corresponding to the respective melting temperatures. 
A distinct influence of melting temperature on nucleation of the LizO . 2 Si02 phase 
was found for the glass in question. The number of nuclei in the samples increased 
significantly with decreasing melting temperature. The highest number of nuclei 
occurs in samples of glass melted close to the melting temperature of the crystalline 
substance, LiiO . 2 SiOz. 

According to Kirkpatrick [3], the nucleus begins to grow from monomer by an 
associative process. Certain basic units attach themselves gradually to the monomer. 
Each monomer is therefore a potential point of nucleation. More favourable condi
tions for nucleation thus arise at a higher number of monomers and at a generally 
lower polymeration degree. According to the given theory and on the condition that 
the structure of high-temperature melt has been preserved down to the crystalliza
tion temperature, the number of nuclei should grow with the temperature of melting. 
As a consequence of the inadequate rate of cooling the experimental conditions 
only imply that the conclusion is correct (Table I). In spite of this the agreement 
with the given theory is highly probable for the nucleation of the Li20 . 2 Si02 phase 
from melt of the same composition. 

In the case of nucleation of Li20 . 2 Si02 from glass there appears a disagreement 
with the theory mentioned above. The relatively highest number of nuclei occurs in 
glass which has been melted closely above the melting point (Table I I), where the 
highest polymeration degree of the equilibrium melt can he considered. Moreover, 
the vitrification brought about by quenching should further promote this poly
meration. 

The results indicate that with nucleation from glass, the decisive part is not 
played by monomers as in the case of nucleation from melt, but rather by poly
merized units, from subcritical clusters to nuclei in size. The first stage of nucleation 
of crystalline phase in glass can be a process not· involving mass transfer, i.e. con
version of a polym!.'ric cluster to a crystalline cluster or to a nucleus. This point 
of view appears to be supported by the finding that the temperature of the maximum 
equalized rate of nucleation in the glasses is in the range of the transformation 
temperature [6]. 

CO:XCLUSION 

Nucleation of the crystalline phase of Li20 . 2 Si02 from melt ii,; practically in
dependent of the temperature of melting. In contraRt to this, a marked dependence 
of the number of nuclei on the temperature of mf'lting was observed in the case 
of glass, where the largest number of nuclei is formed when the glass has been melted 
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closely above the melting point of the Li20. 2 Si02 phase. The number of nuclei 
formed in glass melted at l 050 °C is roughly 24-times higher than that arising in 
glass melted at l 500 °C, under otherwise identical conditions. Monomers participate 
more in the formation of nuclei in melt whereas polymerized units play a more 
important part in nucleation from glass. 
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NUKLEACIA Li20. 2 Si02 Z TAVENINY A ZO SKLA 

Ladislav Pach 

Chemicko-technologfrka fakulta SVST, Katedra chemickej technol6gie ailikatov, 812 37 Bratislava 

Sledoval sa vplyv teploty tavenia na nukleaciu krystalickej fazy Li20 . 2 Si02 z taveniny 
a zo skis rovnakeho zlozenia metodou DTA podfa Marotta a spol. [I, 2). 

Vzorky (0,394 g) sa pripravovali priamo v Pt tegliku pristroja DTA fy Netzsch 404 a tavili 
sa 2 h pri teplotach I 050-1 500 °C. Skla sa pripravovali chladenim Pt teglikov s taveninami 
v zmesi ladu a vody. Pri DTA taveniny sa ochladzovali a skla ohrievali rychlosfou 20 °C . min-1• 

Nukleacia fazy Li20 . 2 Si02 zo skis vykazuje vyraznu a z taveniny Jen nepatrnu zavislost 
od teploty tavenia. V skle najviicsi pocet nuklei sa vytvara, ak sa sklo tavi tesne nad teplotou 
topenia fazy Li20. 2 Si02• V tavenine je to naopak. V procese tvorby nuklea v tavenine sa 
viac uplati'mju monomery a v skle polymerizovane celky. 

Obr. 1. DT A krivky krystalizacie akiel zlozenia Li20 . 2 Si02 tavenych 2 h pri uvedenych teplotdch 
(J 050. 1 500 °0). 

Obr. 2. DT A krivka krystalizacie trveniny zlozenia Li20 . 2 Si02 , ktord sa temperovala 2 h pri 
teplote 1 050 °0. 

0 BP A 3 0 BAH HE 3 APO 1( bi III E .0: LiaO . 2 Si O:i 

113 PACHJIABA H CTEKJIA 

Jla)lUCJiaB Ilax 

Haif,e8pa xu.uu<iec,wii mexno.11,02uu cu.11,1uramoe 
xu.uu1,,omex1t0Jweu•wc1w20 if,a1,,y.11,bmema CIIH, 812 37 Bpamuc.11,aea 

HccJie)lOBaJ!ll BJHUIUHe TCMncpaTyphl JIJiaBJieHIIH Ha o6pa30BaHne 3apO)lhIIIICH HpHeTaJI
JIH'IeCHOH 1pa3hl LhO . 2 Si02 113 pacnmrna H t'TCHJHl 0)ll1HUH0B0l'0 ('0l'TaBa e H0M0II�hlO 
MCT0)la J\TA no MapoTTY 11 ('0Tp. [1, 2]. 

llpoGbr (0,394 r) 110Jiy•mm1 npHM0 B Pt T11rnc 11pnGopa .D:TA fpnpMhI Netzsd1 404 n pae
mrnBJIHJJH HX 2 •rnca 11pn TeMncpaTypax 1050--1500 °C. CTeRJia H0JIY'IaJil[ 0XJialK)lCHHCM 
Pt THl'JJCH C pacnJiaBaMU B CMCCU JihAa C B0/�0H. 11 pn .D:T A pa('IlJJaBhl 0X�HllKA<IJIUCh 11 CTCKJia 
HarpeBUJIHCh CK0p0CThlO 20 °c . MHH-1. 

OGpa30BaHne 3apo)lumcif tpa3hl LhO . 2 Si02 ua CTCI<Jia 11MeeT pc3HYIO H H3 pacnJiaBa 
T0JihI<0 HC3Ha•rnTCJlbHYIO 33BHCHM0CTb OT TeMnepaTypu ITJiaBJICHHH. B l'.TCHlie Hau60Jiblllee 
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KOJrnqecTBO aapOAh[IIIeH oupaayeTCH TOl'));a, J{OJ')];a CTeKJIO IIJlaBHTCH npn TeMnepaType, He-
3Haq11TeJibHO Bb[III0 TeMnepaTyphl nJiarurnmrn qiaahl LbO. 2 Si 02. B pacnJiaBe 3TO Hao6opoT. 
B rrpo!lecce o6pa30BaHHH aapO/l,bllII0H B pacnJiaBe HaXOJl:flT 60Jib1IIee np11:MeHe1111:e MOHOMepbI, 
a B cTeKJie noJI11:Mepu:ionaHmre qem,1e. 

Puc. 1. J(T A 1,pucma,11,,11,uaaifuu cme,w,i cocmaeo.M Li20 . 2 Si 02, pacn,iaeAReMbtX 2 -taca npu 
npueodztMMX meMnepamypax (1050, 1500 °G). 

Puc. 2. J(T A i.pueaR i.pucma,i,iuaaq.uu pacn,iafJa cocmaeo.M LhO . 2 Si 02 , me.Mnepupoua11-
HOZO npu meMnepamype 1050 °C. 

YANG W. J.: FLOW VISUALIZATION III (Vizualizace proudeni III). S pringer
Verlag, Berlin-Heidelberg-New York-Tokyo, 1985, 889 str., 910 obr., cena 288-, DM. 

Je znamo, ze Leonardo da Vinci (1452-1519) by! prvni, kdo nacrtl profily volnych proudu 
a jejich tvarovani. Mimo jine take navrhl pozmovani vnitrnich proudu ve vod/1 umistene 
ve sklen/lne nadobe pomoci rozptylenych castecek v tekutin/1. Proto byly zpusoby a metody 
pozorovani t!)ku tekutin pozorovany a popisovany jiz od stredov/lku. 

V soucasne dob/1 do obla&ti zkoumani vizualizace a popisu toku tekutin zasahly zasadnim 
zpusobem pocitace, zvlast/1 pak pocitace umozi\.ujici graficky vystup. Jde ci barevnou grafiku 
a take o zobrazeni toku tekutin pomoci digitalnich obrazu. Toto vse pfineslo revolucni pfe
m/lny v technice a v/ld/1 zobrazovani toku tekutin. 

Kniha, ktera je svym obsahem velmi rozsahla (893 stran velkeho formatu), je sbornikem 
tfetiho mezinarodniho symposia o zobrazovani toku, ktere se konalo v r. 1983 v USA '(Univer
llity of Michigan, An Arbor, Michigan). Prva dv/1 symposia so konala v r. 1977 v Ja
ponsku (Tokyo) a v r. 1980 v NSR (Bochum). 0 rozsahlosti symposia sv/ldci i to, ze probiha
lo ve 35 eekcich. 

Podobn/1 jako symposium tak i kniha jo rozd/llona na 2 zakladni Msti. Prva so tyka metod 
vizualizace toku a druha jojich aplikaci. Jednotlive Msti obsahuji tyto po!fkapitoly, ktere 
obsahuji prumern/1 10 pfispevku na dane tema. 
Jsou to: 
I. Metody
1.1 Znackovaci metody
I.! l\fetody povrchoveho toku
1.3 Motody indukovane chemickou reakci a laserem ·
1.4 Opticke metody
1.5 Vypocetni graficke metody
1.6 Metody zobrazovani procesu
2. Aplikace
2.1 Odd/Ilene proudeni 
2.2 Vireni a proudy hladiny 
2.:l Supersonicke proud/lni a tlakove vlny 
2.4 Tryekove proudeni
2.1'.i Vnitrni proudeni
2.6 Proud/lni vo vrstvach a v mezni vrstv/1
2. 7 Reologio
2.8 Lode a vlny
2.9 Aerodynamika, atmosfera a oceanografio
2.10 Kapalinove stroje 
�-11 Pi'enos tepla 
2.12 Spalovani 
2.13 Biomedicinalni aplikace 

Kniha ma vybornou grafickou upravu. Jednotlive clanky jsou doplneny fadou schematic
kych obrazku, obra.zku zobrazujicich proudi'ini a bohatym pfehlodom Iiteratury. Knihu je 
t11k mozno doporucit vsem zajemcum zajimajicim so o proudeni tekutin (plyny a kapaliny), 
tj. jak pracovniku v oblasti vyzkumu, tak i studujicim. 

Kasa 
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