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Viscosity was measured oj basalt glasses oj industrially jused olivinic 
basalts (Stapany and· Nová Ba1fo) on the penetration viscometer in the tempe
ratu1·e rang e 660-780 °0 using time dwells oj 20, 40, 60, 120, 180, 240, 300 
and 360 min. '1.'he viscosity values were jound to vary jrom 108 up to over 
10 1l clPa.s. The course oj viscosity curves contributed to bBtter understanding oj 
the complex cour se oj nucleation in ba salt glasses. 

INTRODUCTION 

The method of viscosity rneasurement on a penetration viscometer, which has been 
described in the present periodical fl] was applied to the range of nucleation and 
initial crystallization of basalt glasses, obtained by fusion of olivinic basalts from 
S!apany and Nová Baňa, on which ternperature-time viscosity measurements were 
carried out in the 660-780 °C ternperature range. 

EXPERIMENTAL 

The specimens employed 

The two initial basalt glasses were prepared by rnelting the natural rocks in 
PtRh crucibles at 1500 °C. The total time of melting amounted to 3 hours, wherein 
for the last about 100 minutes the melts were efficiently agitated with a PtEh mixer 
to achieve perfect homogenization. After casting onto a steel grate the specimens of 
the glasses obtained were cooled for 1 hour at 600 °C (for the Slapany raw material) 
and for 1 hour at 550 °C (for the Nová Baňa material). 

The  measuring procedure  

The specimen in  the form of  a polished disk of  basalt glass was placed in a tem
pered furnace of the penetration viscometer and measurement was started after 
20 minutes. This period of time, as verified experimentally, is necessary for equalizing 
the specimen and furnace temperature. The subsequent measurements were always 
carried out after turning the specimen in the apparatus, at first after 40 minutes and 
subsequently after each hour up to 6 hours after placing the specimen in the apparatus. 
The method ensured determination of the time dependence of viscosity at constant 
temperature on one and the same specimen. The prqcedure was repeated at 12 various 
temperatures in the oase of the Slapany basalt glass, and at 14 various temperatures 
in that of the Nová Baňa basalt glass. 
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Tcmperaturc dependí:ncc  of viscosity 

The first viscosity vahwR mcasurcd (i.e. those ohtainecl wit-hin 20 mim1tes n,fter 
plaeíng into the apparat11s) were used for calculating the YÍscosity eurv0. The constants 
of thc n,pproximation Vogcl-Fulchcr-Tanmrnnn CfJUUhon (fmthcr on thc VFT 
cqnation), holding for the Slapany hasalt glass, are listed in T,tbk, l. Vi8cosíty of the 
Nová Baňa basalt glass spccimcn was ,idditionally mcasmed wit-h a bal! viscometer 
at 1200 °C. The respectivc results and the data obtained with the penctra.tion visco
metcr were nsed for eomputing thc constants oť thc VFT ťcpiation descrihing the 
viscosity of the Nová Baůa basalt glass (witho11t the dfect of separntion and cry;;tal
Jization) in t,he wide temperature range of f;G0 to U00 °C. Tlw values of co11sta11ts are 
likewise listcd in Tahlc I. 

11'able 1 

The constants of t,he Vogcl-Fulchcr-Tammann equation for measnring 
tlw víscosit,y oť basalt mclts (holds for glassy statc and homogeneous 

mclts) 

13 lo 
Validity 

Basalt 
[CC] [OC] 

rangc 

[OC] 

Slapany -- 0.6 i 3195.6 415 G60-�i80 
Nová Baúa --:i.oo 4565.9 :358 Gti0--1200 

::•fotíce: 

'.l'he Vogol-l<'ulcher-Tammann cquation: 

A 
13 

t-- lo 

wherc tis tempcrature [°C! 
A, B, 10 are constants 

Measuring resu l t s  

'.ťhe essential shape of the tirne dependence of viscosity a t  eonstant temperature is 
identical for both basalt glasses. Its eourse is sehematieally shown in Fíg. 1. Ifollowing 
an initial delay, represented by region A, where viseosit.y undergoes no distinct 

A 3 C o 

TINE 

Piy. J. Schenwtic vlot oj the isolhcrm.•1:c timc de7,endc11ce oj lhc viscosity oj basa li melts. 
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changes, thcre follows region B in which viscosity i ncrťases by O.>� to 0.7 order oť 
nmgniturlc. Then follows the C region, where viscosity is virtually constant or 
shows a mild increase. In the subseq11ent D region, thc viscosity incrcases vcry rapiclly 
to a value ovc,· 1013 clPa . s, that is bcyond the working range oť the viscomctcr. 
Thc low-temperature isothcrmic measurcmcnts yieldcd a constant viscosity oť thc 
lmsalt glass throughout thc cntire 6 hours, which corrcsponclecl to the A region. The 
rnte oťthe proccsses incrcascd with incrťasing tcmpernt11re oťthc isothcrmal measure
mcnts, and thc 6-hom nieasurements grad11ally includcd the ťurthcr clrnrnctcristic 
regions according to Fig. 1, until at thc highcst isothennic measuring tempcratures 
the increcise in viseosity in tcrms of ti rne was so fast tlrnt phase D was reaehccl within 
as littlc as 90 minutes fro111 placing thc spccimcn in the apparatus. 

Tlw nrntual eomparison of thc eífocts of timc ancl tempcrnture oť the isothermie 
tests on the clmnges in viseosity for the Slapany bas,dt glass is best illustrated hy 
Figs. 2 and 3. Thc analogous diagrnn1s for the Nová Ba1rn lmsalt glass (Figs. ,1 and 5) 
are vory similar. 

Logry 

12 

11 

10 

X X X 
671 °C 

...., ___ x__x ___ _,.__x-x-

GB4 °C 
«J-O,.._o_o _____ O---C:----<O,.__"'CO>---C01'" 

102 °c 

9 �-�--.__...,_ __ .._ _ _,_ __ .,_ __ __. 

o 1 2 3 4 5 • 6 t ( h) 

fi'iy. 2. Isothennic time cle71endences oj the -viscosity oj the ."ilapnny basalt melt at lower temperntt,res. 

The temperature dependence oť viscosity for hoth h«sttlt glasses in the 660-780 °0 
ternperature range is plotted in Figs. G and 7 together with the ti!lle isolines for 
40 minutes, 1, 2, :3, 4, 5 :wd 6 hours. Their eourse indicates that the initi«I viscosity 
values (measured 20 minutes after placing the specimen in the apparntus) would 
somewhat deviate from the expectecl comse only at the highest mettsuring tempera
tures (781 or 767 °0). Finally, :Fig. 8 shows a three-di111ensional diagram oťthe viscosity 
of the Slapany basalt glass in terms oť temperaturo and lime. 
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log{] 781°C 
!· 769°c 

l
762°C 12 

I
143°c 

11 

10 

9 

2 3 4 5 6 t ( h)

Fig. 3. l8othermic túne dcpemlcnccs oj the viscosity oj the Slapany basalt melte at higher temperatures. 
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Fig. 4. Isothermic time dependences oj 
the viscosity ojthe Nová Bmfo ballalt mel f 

at lower temperaturee. 
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ductory 20 mi1111tes 11ecessary for tempering 

tlw specimen. 
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IXTERPRETATIOX OF RESULTS 

The initial dwe!l (region A), where no crystalline phase has been detected by X-ray 
analysis and no inhomogeneity has heen determined by means of the electron micros
eope, represents the so-called "ineubation period" of nucleation due to separation, 
i.e. the time required for rearrangement of the viscous melt structure necessary for
creating the conditions for the expected reaction, in this instttnce separation of phases
at the given temperature. According to l\.fazurin [2], viscosity is a highly sensitive
property for the study of such structural changes. In both basalts studied the tem
peratme region in question is that above the softening point of basalt glass (i.e.
above 670-675 °C), where log ?J � 11. The course of viscosity curves shows that the
lower the heat treatment ternperatl!re (i.e. the higher the viscosity) the longer the
incubation period,:. :Foc instance, with the Slapany bttsalt at t = 714 °C, ,: = 3 hours,
at 743 °C, ,: = about 1 hou,, and at 74:� °C, ,: is shorter than 20 minutes.

Region B involves the separation proper, i.e. separation of the initial homogeneous 
glass melt into two phases, as lmR been confirmccl in the previous study [3] and by the 
c]cctron microgmphs (Figs. 9 and 10). Thc basttlts in qucstion cxhibit separation in
the viscosity rangc of 109 

- 10 10 dPtt. s. Thc viscosity of separated glasses is decisively
determined by the viscosit,y of the continuous matrix, being only sligtly affccted by
the scparated droplets. As the viscosity of separating basalt glasses increases it
seems ohvious tlrnt viscosity-reducing oxicles become mostly eoncentrated in the
clroplets. This is probahly the case of :FeO, Fe2O3, CaO, MgO and AbO3• Compared to
to other separating ghtsses (e.g. borosilicate glasses), the viscosity inerease during
the isothermic clwell in the separation range is relatively small (by 0.3 to O. 7 order of
magnitudo), obviously increasing with increasing separation temperature. The meas
nring indicates that the lower the melt viscosity, the higher the sep,w,1.tion into
the two phases: at viscosity log 'I] = 10 (i.e. at 714 °C) the separation will take more
than H hours, whereas at log ?J = 9 (i.e. at 74H °C) a state oť equilibrium is attainecl
within less than 2 hours.

The measurements performed have shown that the actwtl nucleation bronght 
about by separation of phases in the basalts in question proceccls best in the tempera
ture rnnge of 700 to 750 °C (the optimum temperature being betwcen 720 and 740 °C) 
which is a temperature higher by about 50 °C than the tcmperature specified for 
forcign basalts in literatme (41, [5]. The nucleation dwell takes 2-3 hours. Deter
mination of these values represents a practical contribution to the available know
ledge, in particular with rcspcct to the developmcnt of petrositals. 

In the C region, the viscosity undergocs no practicitl changes during the isothermic 
heat teatment, which indicates that the scparation has essentially been concludecl 
and a statc of equilibrium has been established. Accorcling to X-ray cliffraction studies, 
magnetite nuclei are developecl in the separated clroplcts cnrichccl with Fe oxides. 

The D region is characteristic of the erystallization proper. The study of slag-sitals 
has shown that when the melt viscosity drops below 109 dPa.s, a very rapid erystalliz
ation takes place [6]. In the case of basalts, when thc heat treatment temperature 
ex:ceecls 750 °C, crystallization occurs immecliately, namely abrupt growth of pyroxen 
on the magnetite cryst,tls being formed (:Fig. 10). In view of the isomorphous sub
stitntion, whieh is ehttracteristic for pyroxene, the erystal lization is taken part in by 
almost all the oxidie melt components, so that both cry,3tallization and the increase 
in viscosity are very rapid, the latter being mised by more than 4 orders of magnitudes 
within less than 1/2 hom. Thc total time of nucleation (incubation period,:, separtion 
proper and the subsequent formation of magnetite nuclei) is thus shortened to a period 
of 1/2 to 3/4 horn·. 
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CONCLUSION 

Tbc results ohtained can he sumnrnrizcd as follows: 

1. Using time-temperature measll!'emcnt oť Yiscosity oť hasalt glasses it has been
found that, nncleation proper and the starting crystalliza,tion eonsists oť fcmr suh
seqnent separate proeesses whieh tend to fose into one aJ higher temperatur.es: 
a) incuhation separation period,
b) separation oť phases, proper,
c) formation of magnetite nuclei,
d) growth proper of pyroxene crystals on magnetite nuclei. 

2. Regions of suitable temperatures and t.lrn length of tinw dwrlls have been
estahlished for all these processes, which allows to suggest a ra,tional procedure for 
heat trea.tment aimed at micleation and controlled crystallizat.ion for thc purpose of 
ohtaining fine-grained petrositals. 

�- Both hasalt melts in question are similar in the comse:, and character of the 
phenomena eventually providing the final fine-grained cryst.allization. 

4. The rcsnlt,s havc provcd the possibility of using the penctration viscometer for 
studying the progress of separation, nucleat.ion and initial erystallization of basalt 
melts, as their viseosity reacts sensitivcly already to thc initial stages of these pheno
mena. 
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Ml°i;frnNf VTS K OZTTY PE�ETR:\ (::,,; l:'11 vrn K OZTM Wl'REM 

l. 81,mlinm Yiskozity provozně tavC'ných čedičú v prúbůhu odmísení
a počínající krystalizace 

Petr Exnar, Jan Voldún 

Státní výzlwmný ústav sl.·lářsk!Í, Hradec Králové 

Byly proměr-eny časově teplotní závislosti viskozity čeclii:,ových skel provozně tavených i:,edičú 
Slapany a Nová Baúa na penetračním viskozimetru. lvlěfoní byla provedena izotermicky pi-i zvo
lených teplotách v rozmezí 660 až 780 °C po pfodchozím tempcrovúní 20 min až 6 h. Hodnoty 
viskozity pi-i tom kolísaly v rozsahu 108 až nad 10 12 c!Pa.s. 

Z prúběhu viskozitních láivek byl blíže pochopen složitý průběh nuklc,ace studovaných čedi
čových skel skládající se ze čtyí- po sobě následujících samostatných dějů, které za zvýšených 
teplot splývají : 
a) inkubační periodu odmísení, kdy se viskozita nemění (oblast A); 
b) vlastní odmísení fází, charakterizované zvyšující se \·iskozitou (oblast B);
c) vznik nukleačních zárodkú magnetitu (oblast O); 
d) vlastní růst krystalů pyroxenu na zárodcích magnetitu, kdy se viskozita prudce zvyšuje o ně

kolik řádú (oblast D).
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Obr. 1. Schemat·ic/cý nákres izotenn·ické Čc1Sové závislosti viskozity čedičovfÍch taven·in. 
Obr. :!. Izotermické časové závi'slost·i viskozity fodičové taveniny Slapany při nižfích teplotách. 
Obr. .3. Izotermické časové závislosti viskozity čedičov,' taveniny Slapany při vyš!;ich teplotách. 
Obr. 4. Izotermické časové z,ívislost·i viskozity čedičovú taveniny Nová Baúa při niž/dch teplotách. 
Obr. 5. Izotermické časové z,ívislosti viskoz-ity čedičovú taven·iny ,Vová Baiía při 1;y!;fích teplotách. 
Ob· . U. 'J'eplotn-í zcív·islost viskoz-ity čedičové taven·iny Slapany s časovým-i izolúdem·i. 
Obr. 7. 'J'eplotn·í závislost viskozity čedičové taveniny Nová Baúa s časov/Ími izol·in:iem·i. 
Obr. 8. 7,,ívislost viskozity čedičové tcwenú1y Slapany na teplotě a čase. Čas je vy11esen bez únodních 

:!O ·m'Ílťut, nutných k vyternperovcíní ·vzorku. 
Obr. 9. Sníme/.: z elektro11ov,'l10 mikrosfopu z lomové plochy čed·ičového Ú·la .\'oc,í Baúa, temperova

nt'ho /j h při 7:!5 "C ('l'E11I, 11eleptúno). 
Obr. 10. S'!1Lmek z elektroJ,ové/io m-ikroskopu z lo-moné plochy čcd·ičového .skla Norú JJm,a, temperova

niho (j h při 7.tf "() ('J'E1l1, neleptúno). 

11:l.\lElJE(I IIE 1rn:.H{OCTJI C 110.\IOIL(l,IO llJICl-.:o:i1DIJ-:Tl-':\ 
BJ(,\B �I JI ll:\ II JIH 

I. J 1,-,,:,e;.lOJJ.llllJC J])l;lJ,OťTll 11:1a11;1Clllli,IX IIJJO,\ll,!Ill:IClllll,I.\I llYTCM úa;w:11,T()JJ
BO lljll'�lll pan::IOC!lll}I ll Wl'IIIJ!aJUII\UÍÍ 1,JJIH"J'i\.'l.'lll3lll�Jlll 

IlCT]l 01,ťllap, flll 130:111a1J 

f'ocyiJa pc111ceu u1,1 i1 uay•11w-11cc.c1eiJo,;'/1111e.11,1:1,1111 w1c11111111 y111 c111e1,J111, J'pade11- lťpa:ioue 

J l3MC]lll:I li BJJC:1Wl!IIO TmrncpaTyprn,10 :WJJJ!ť llMOCTll Bfl:ll,:OCTJI úaaam,TOIJJ,IX CTCJWJf 11.'la!l
;JCIIIIJ,!X JIJ)0111,ll!l:Jelllll,IM ll)'TCM 6a:rn:11,TOB C:rn11aJ11,1 JJ [J (JBa l.,a11n C JIOMOII(I,[() !JIICI,O:lll:1!8Tpa 
llJWB.'IJ!Ba!illH. J l:n.rcpcmrn lljlOilOJIJl.'111 J1:!0TC]l�!ll'll'ť J..:ll ll]lH 110;1oúpamn,1x TC:1!11CpaTypax: 
ll IljlCJ[C.laX fifi0---í80 '·C JJOUIC JIJ)CilllllJ)JITC:lbHOro TCMllC]llljlOIH\IIJIH OT �() 1111H)"I' /IO (i 'IaťOH. 
Bc:1wrnm,1 nn:mocTH r..:o:1cúa:JJ1ťb B upo;1c:1ax OT 108 ;10 HJ12 ;1na. t:. u m,uuc. 

Xo;( l,Jllllll,fX Bfl:moťTJl llOWl!'aCT úo:100 110;1poú110 IIOl!HTJ, c:wmm,rií XO/l ny1..::roa1(J1J[ 
ucc:rc;(yc�11,1x 6a:ia:l!,TOIJI,iX CTC[,:O,:J, ťOCTOllll(JIX Jl;J 'ICTI,fjJOX 11oc:10J(y10no1x ílJJYl ' aa ;qJyroM 
raMOCTOH'J'(),'J!,lll,IX IIJJOl[CťťOB, i..:OTOJlh!U llj)ll l!OB!,IIIICIIIH,lX TO�fllOJJaTypax COBrrn;�a10T: 
a) IIIII,yÚal(llOI!Hl,IÍÍ J!Oj)JJO;( pacCJJOCIIll li, i..:Ol'/(1\ JJH:l!..:OC'fh UC u:n1CIIHCTť li ( oú.:1acTb /Í); 
ú) COÚt;TJJCJIJI()() pact:JIOOIIl!O c[iaa, xapa1..:TCJll.l:lYJOll(CCťll l!Olll,llllil[Oll(CÍÍclf BH:lJ,Ol:'l'i,10

(oú:iacT1, D);
B) no:urni;JIOIJCl!JfO aapOi(L!lllOÍÍ nyi;:!Cillll!JI .\H\l'JICTJl'J',l (oú;1,t,"fl, C),
r) COÚCTBOIII!h!ÍÍ JlOCT I,]Jlll"J'il,'l.'lOJJ lll!JlOJ,CCJ!l\ Ha :rnpo;u,1111ax 11ill'JJCTJ!Til, i..:Ol';(a BH:l!;ot;TI,

pc:n,:o 110llblli1H8TOJ !Hl If('(' 1,:0:1 hl,O IIOJJll;U..:Oll ( oú:1acT1, I)). 
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u1,1.11u uao:wr111.'l.11.u,
T1!.1111ep11mypna.<1 :J1wucu,1wc1111, c.qa1;oc11w ,;a,Ja:11,nw,:u.:u p11eJua,111 llu11a Bail.'/, c cpe
. HťlUlbl.Hll ll.JOJllll{ll.'l,Hll.
3aauc11.11ocmb 11,1,n;oc11111 ú11.1aJ1&111uao,:o JHIC/lJllW/l C.w111111u om mc.111wp11111,11p1,1 u cpe--
• 11e1111. Dpe.11,1 u:JoúpaJ1ťe1w úea 11cpcouwuu1&1nu: ::O .11w1ym, 1woúxoou.111,u; fJ.1H 111e.11-
11epupo6mw.<1 npoú1,1. 
C1,e.1u,a u,1 ;;.,1e1,111po1111020 .1111!.'poo,una u,1 nu11e1;;c11oc111u 11pe.rw.11JU!Jt11.<1 ú11aaJ1i111oco,,o
c'.llCHilll Ifoca Ba11.<t, 111e.1111r:pupoca11110,,o 6 •11u:uc npu 7::5 "C (TH1\I, 1u;mpac.1eu11). 
C7Jf!,\!H{l u.:1 .J.tU!Ji'l}l,fJOH/1020 .\llUIJJUC}ť(JJl(J li,'/ noeep:CJtOCJ1lU llj)f!Jf,O�H.rtf!fllUL Ufl:JO.U>lllOCU.JV 
1·111e1;.1.a 1101:11 B aw1, me.11 nepu poc1111110"0 6 •wcou npu 711 "C (TJ!, ,\I, w:111 p1w.u:uo ). 
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P. E,war, J .. Voldán: 

Pig. 9. Rli:ctron micrograph oj 11 jmctu•re 81tťjacc oj llw Nomí B(t/íll !J11salt r,las.� tc111pered for I! !io4rs 
al 725 °C ťf'RJf, 11ot ctched). 

P·ir/. 10. Electron m•icroyruJ,h oj" jr(lcfure surjace oj tlw Xat·á Bmía bosalt y/w;s, tempered jvr I! hou;-8 
at 741 °(/ ('l'fi:111, not ctc/wd). 
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