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Viscosity was measured of basalt glasses of indusirially fused olivinic
basalts (Slapany and Novd Baiia) on the penetration viscometer in the tempe-
rature rang e 660—780 °C wsing time dwells of 20, 40, 60, 120, 180, 240, 300
and 360 min. The viscosity values were found to vary from 10% up to over
1012 dPa.s. The course of viscosity curves contributed to better understanding of
the complex course of nucleation in basalt glasses.

INTRODUCTION

The method of viscosity measurement on a penetration viscometer, which has been
described in the present periodical [1] was applied to the range of nucleation and
initial crystallization of basalt glasses, obtained by fusion of olivinic basalts from
Slapany and Nova Baiia, on which temperature-time viscosity measurements were
carried out in the 660—780 °C temperature range.

EXPERIMENTAL

The specimens employed

The two initial basalt glasses were prepared by melting 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 PtRh 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 Nova Baiia 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 case of the Slapany basalt glass, and at 14 various temperatures
in that of the Nova Bafia basalt glass.
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The first viscosity vahies measured (i.e. those ohtained within 20 minutes after
placing into the apparatus) were used for calculating the viscosity curve. The constants
of the approximation Vogel—Fulcher—Tammann ecquation (further on the VET
cgnation), holding fer the Slapany hasalt glass, are listed in Table 1. Viscosity of the
Nova Bafia basalt glass specimen was additionally measured with a ball viscometer
at 1200 °C. The respective results and the data obtained with the penetration visco-
meter were used for computing the constants of the VFT equation describing the
viscosity of the Nova Bafa basalt glass (without the effect of separation and crystal-

lization} in the wide temperature range of 660 to 1200
likewise listed in Table 1.

Table [

. The values of constants are

The censtants of the Vogel-Fulcher-Tammann equation for measuring
the viscosity of basalt melts (holds for glassy state and homogeneous

melts)
i i ” . i Validity
Basalt i A C: _Oor ranaee
bl rer | e
[°Cl
i | i
| i |
Slapany I - 0.67 | 31956 45 1 660—780
Novd Bafia i —~3.00 | 4565.9 358 6601200
; | e

Netice:

The Vogel-Ifulcher-Tammann equation:

! {4 B

LA R et

o8 7 S

where ¢ is temperature [*C}
A, B, tg are constanis

Measuring results

The essential shape of the time dependence of viscosity at constant temperature is
identical fer both basalt glasses. Its course is schematically shownin Fig. 1. Following
an initial delay, represented by region 4, where viscosity undergoes no distinct

VISCOSITY

TIME

Fig. 1. Schematic plot of the isothermic time dependence of the viscosity of basall mells.
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changes, there follows region B in which viscosity increases by 0.3 to 0.7 order of
magnitude. Then follows the C region, where viscosity is virtually constant or
shows a mild increase. In the subsequent D region, the viscosity increases very rapidly
to a value over 1013 dPa . s, that is beyond the working range of the viscometer.
The low-temperature isothermic measurements yielded a constant viscosity of the
hasalt glass throughout the entire 6 hours, which corresponded to the A region. The
rate of the processes increased with increasing temperature of the isothermal measure-
ments, and the 6-hour measurements gradually included the further characteristic
regions according to Fig. 1, until at the highest isothermic measuring temperatures
the increase in viscosity in terms of time was so fast that phase D was reached within
as little as 90 minutes from placing the specimen in the apparatus.

The mutual comparison of the effects of time and temperature of the isothermic
tests on the changes in viscosity for the Slapany basalt glass is best illustrated by
Figs. 2 and 3. The analogous diagrams for the Nova Baiia basalt glass (Figs. 4 and 5)
are very similar.
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lig. 2. Isothermic time dependences of the viscosity of the Slapany basalt melt at lower temperatures.

The temperature dependence of viscosity for both hasalt glasses in the 660—780 °C
temperature range is plotted in Figs. 6 and 7 together with the time isolines for
40 minutes, 1, 2, 3, 4, 5 and 6 hours. Their course indicates that the initial viscosity
values (measured 20 minutes after placing the specimen in the apparatus) would
somewhat deviate from the expected course only at the highest measuring tempera-
tures (781 or 767 °C). Finally, Fig. 8 shows a three-dimensional diagram of the viscosity
of the Slapany basalt glass in terms of temperature and time.
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Irig. 3. Isothermic time dependences of the viscosity of the Slapany basalt melts at higher temperatuses.
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Fig. 4. Isothermic time dependences of
8 ! 1 1 ! ! ! the viscosity of the Novd Beia basalt mel‘
0 1 2 3 4 5 6 { (h) at lower temperatures.
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Irig. 8. Dependence of the viscosity of the

Slapany basalt melt on temperature and ti-

me. The time is plotied without the intro-

ductory 20 minutes necessary for tempering
the specimen.

256 Silikaty ¢. 3, 1982



Measuring Viscostiy with the Penetration Viscometer I
INTERPRETATION OF RESULTS

The initial dwell (region 4), where no crystalline phase has been detected by X-ray
analysis and no inhomogeneity has heen determined by means of the electron micros-
cope, represents the so-called “incubation 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 instance separation of phases
at the given temperature. According to Mazurin [2], viscosity is a highly sensitive
property for the study of such structural changes. In both basalts studied the tem-
perature region in question is that above the softening point of basalt glass (i.e.
above 670—675 °C), where log 57 &~ 11. The course of viscosity curves shows that the
lower the heat treatment temperature (i.e. the higher the viscosity) the longer the
incubation period 7. For instance, with the Slapany basalt at t = 714 °C, v = 3 hours,
at 743 °C, T = about 1 hour and at 743 °C, 7 is shorter than 20 minutes.

Region Binvolves the separation proper, i.e. separation of the initial homogeneous
glass melt into two phases, as has been confirmed in the previous study [3] and by the
electron micrographs (Figs. 9 and 10). The basalts in question exhibit separation in
the viscosity range of 10 — 100 dPa. s. The viscosity of separated glasses is decisively
determined by the viscosity of the continuous matrix, being only sligtly affected by
the separated droplets. As the viscosity of separating basalt glasses increases it
seems obvious that viscosity-reducing oxides become mostly concentrated in the
droplets. This is probably the case of FeO, Fe,03, CaO, MgO and Al,O3. Compared to
to other separating glasses (e.g. borosilicate glasses), the viscosity increase during
the isothermic dwell in the separation range is relatively small (by 0.3 to 0.7 order of
magnitude), obviously increasing with increasing separation temperature. The meas-
uring indicates that the lower the melt viscosity, the higher the separation into
the two phases: at viscosity log 7 = 10 (i.e. at 714 °C) the separation will take more
than 3 hours, whereas at logn = 9 (i.e. at 743 °C) a state of equilibrium is attained
within less than 2 hours.

The measurements performed have shown that the actual nucleation brought
about by separation of phases in the basaltsin question proceeds best in the tempera-
ture range of 700 to 750 °C (the optimum temperature being between 720 and 740 °C)
which is a temperature higher by about 50°C than the temperature specified for
foreign basalts in literature [4], [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 respect to the development of petrositals.

In the C region, the viscosity undergoes no practical changes during the isothermic
heat teatment, which indicates that the separation has essentially been concluded
and a state of equilibrium has been established. According to X-ray diffraction studies,
magnetite nuclei are developed in the separated droplets enriched with Fe oxides.

The D region is characteristic of the crystallization proper. The study of slag-sitals
has shown that when the melt viscosity drops below 102 dPa.s, a very rapid crystalliz-
ation takes place [6]. In the case of basalts, when the heat treatment temperature
exceeds 750 °C, crystallization occurs immediately, namely abrupt growth of pyroxen
on the magnetite crystals being formed (Fig. 10). In view of the isomorphous sub-
stitution, which is characteristic for pyroxene, the crystallization is takenpartin by
almost all the oxidic melt components, so that both crystallization and the increase
in viscosity are very rapid, the latter being raised by more than 4 orders of magnitudes
withinless than 1/2 hour. The 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 hour.
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CONCLUSION

The results obtained can he summarized as follows:

1. Using time-temperature measurement of viscosity of basalt glasses it has been
found that nucleation proper and the starting crystallization consists of four suhb-
sequent separate processes which tend to fuse into one at higher temperatures:

a) incubation separation period,

b) separation of phases, proper,

¢) formation of magnetite nuclei,

d) growth proper of pyroxene crystals on magnetite nuclei.

2. Regions of suitable temperatures and the length of time dwells have been
established for all these processes, which allows to suggest a rational procedure for
heat treatment aimed at nucleation and controlled crystallization for the purpose of
obtaining fine-grained petrositals.

3. Both bhasalt melts in question are similar in the course and character of the
phenomena eventually providing the final fine-grained crystallization.

4. The results have proved the possibility of using the penetration viscometer for
studying the progress of separation, nucleation and initial crystallization of basalt
melts, as their viscosity reacts sensitively already to the initial stages of these pheno-
mena.
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MERENT VISKOZITY PENETRACNIM VISKOZIMETREM

1. Studium viskozity provozné tavenych ¢edi¢t v prub¢hu odmiseni
a poc¢inajicl krystalizace

Petr Exnar, Jan Voldin

Statnt vyzkumny dstav sklaisky, Hradec Krdlové

Byly proméieny ¢asové teplotni zavislosti viskozity ¢edicovych skel provozné tavenych cedictr
Slapany a Nové Bana na penetraénim viskozimetru. Méfeni byla provedena izotermicky pri zvo-
lenych teplotach v rozmezi 660 az 780 °C' po predchozim temperovéini 20 min a% 6 h. Hodnoty
viskozity pii tom kolisaly v rozsahu 10® az nad 10'2 dPa.s.

Z prubchu viskozitnich krivek byl bliZe pochopen sloZity priubéh nukleace studovanych ¢edi-
éovych skel skladajici se ze ¢ty po sob& nasledujicich samostatnych d¢ji, které za zvysenych
teplot splyvaji:

a) inkubaéni perioda odmiseni, kdy se viskozita neméni (oblast A4);

b) vlastni odmiseni fazi, charakterizované zvySujici se viskozitou (oblast B);

¢) vznik nuklea¢nich zarodku magnetitu (oblast C);

d) vlastni rast krystalii pyroxenu na zérodeich magnetitu, kdy se viskozita prudce zvysuje o né-

kolik fada (oblast D).
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Obr. 1. Schematicky ndkres izotermvické éasové zavislosti viskozity éedicovijch tavenin.

Obr. 2. Izotermické dusové zdvislostt viskozity dedidové taveniny Slapany pii nizsich teplotdch.

Obr. 3. [zotermické éasové zdvislostt viskozity Cedicové taveniny Slapany pii vyssich teplotich.

Obr. 4. [zotermické éasové zdvislosti viskozity Cedidové taveniny Novd Baria pii niEsich teplotdch.

Obr. §. [zotermiclké éasové zdvislosti viskozity dedidové taveniny Novd Baria pii vyssich teplotdch.

Ob. 6. Teplotni zdvislost viskozity Cedicové taveniny Slapany s éasovymi izoliniemi.

Obr. 7. Teplotni zdvislost viskozity fedidové taveniny Novd Baiia s éasovijm? tzolindems.

Obr. 8. Zawvislost viskozity edidové taveniny Slapany na teploté a éase. Cas je vynesen bez bvodnich
20 minut, nutnych I vytemperovani vzorkw. )

Obr. 9. Snimek z elektronového milroskopu = lomové plochy dediéového skla Novd Bayia, temperova-
ného G h pri 725 °C (TEM, neleptino).

Obr. 10. Snimel: = eleltronového mikroskopu = lomové plochy Eedifoviho skia Novd Buiia, temperova-
ncho 6 h pii 741 °C (LM, neleptano).

HIMEPEHIE BASKOCTH ¢ HOMOWLIO BHCIKOSHMETPA
BILABSTITBA LTS

1. “(‘('.’l(),',lOl}il][lJC BAISROCTIN IVIABJICHHULIX HPOMBLUTZICHEHLIM 11y TCM THRARTR VT
BO BPCMS pace/10CHIT 1 HOWNLUonieH RpHeTasiciBatn

llerp dnenap, flu Boajan

Locydapeineeruunic nayuno-uccaedosanteve st wiemunynt cmeraa, ' padey K paaose

H3xepsian BPeMCHHO TeMICPaTYPHBIC 3ABHCIMOCTI BAZKOCTIL Oa30dLTOBLIX CTCKOI I1/1AB-
JICHHLEX 11 POMBLIIZIGHIDIM TtyTeM OasainyToB Conuranst 1 [losa ans ¢ HOMOINLIO BICKO3HMETPa
BiaBaBanlsi. HamepeHust npoBOAN T NSOTCPMUIUCCRIL DI 1HOJO0PAMIILIX TCMIICPATYpax
B npejeaax 660--780 °C nocae npeamapureibHOIo TeMiepuponams or 20 MuHYT 10 6 qacos.
Beanunmet BsisroceTn Kodedadneh B upejeqaax or 108 g0 102 qlla. . o suuue.

Nojt KPUBHIX BFIBKOCTI HOMATract Go/lce 1O;POOIIO HOHSITL CJOMKHLIT XOjL HYRJICALUIT
HCCITEAYEMBIX Da3a7I5TOBBIX CTCRO, COCTOSHIIX 113 4CTLIPCX 1OCJCAYIONHMX JIPYT 34 APYIOM
CAMOCTOHTC/ILHLIX IIPOLCCCOB, KOTOPBLIC HPIF NOBLINICHHLIX TCMIICPATYPAX COBIALAIOT:

a) HHRYO(LIOHHLIH NCPHO;L PACCIIOCIHIf, KO BA3KOCTL HC uaMcensicres (00hacth A);
0) cobersennoe  paccdiocHne (a3,  XApARTCPUBYIONICCCsl  HOBLINIAONICHCSH  BS3ROCTLIO

(oGaactn B);

B) BOBHMKIIOBCHIIC 3apoiniieii myrjacaiunr sarnerura (00:acrtn C),
r) colCTBCHHBIT POCT KPHCTALIOB MIPOKCCHA 1 3APOALINIAN MAIHCTHTA, KO BSIZKOCThL

PC3RO HOBLIIAGTCS I ECKOJLKRO 1H0PsAKOB (00aacTh 1)).

~

Puc. 1. Creaa ugomepsunecrodit @pestennoit 3a6UCUMocn e4350CMUL GAIALLINOCLIL PACNLALOS.

Puc. 2. Hzomepatwneckue cpestennne 3agucusocin 6zrocinu oazaavmoeozo pacnaace Caa-
NARBE NPU GOACE HUSKIGL MCSNCPANLYPA.

Puc. 3. Haemepatuneckue  epeserible  3aGUCUMOCHLL  GCLIKOCIL  OA3AALINOCOZ0  PACNAAER
Caananse npu Goaee Gulcore Mesnepamy pa.

Puc. 4. Haomepsrunecrue epesenusie aagucusocnu. sa3nocini 6agassmoeozo pacnaasa 1osa
Bans npu 6oaece nuziux mesnepamypaz.

Puc. . Haomepstuneernue epesennve gagucusocnit eazrocnut oazaavmoeozo pacnaaca flosa
Bans npu doace ¢ncoruz messnepamypaz.

Puc. 6. Tesenepamypias sacucustoems ezroentu 6azaabmocozo pacnaace Caananss ¢ epeswer-
HOLAU UBOAUHUSLALUL.

Pue. 7. Temnepamypras zacucusocns ¢azrocm jazaavmocoeo pacnaace Hosa Bans ¢ cpe-
MENIBLAML UBOLUH UM,

Puc. 8. Basucuarocmyv eszrocmu dazanrvmosozo pacnaaca Caananst om mesnepamypu w ¢pe-
seru. Bpess uzodpancenv 6ez nepeonavaavioir 20 swwieym, 1eodwodusii dags nes-
nepuposaniLs npoout.

Puc. 9. Coeatna us 24ekmponinozo MUk pockonad U3 ROCEPTHOCHLL NPLAOMALILUL OUIAALINOCOZ0
cemeraa Hoea Lana, mesuepuposarnozo 6 wacoe npu 725 °C (T, nempacaeio).

Puc. 10. Coeara us 24eRmporitozo SUkpockoNa Uiz ROEEPLILOCINIL NPCAOMALILUSL FAZAALN06020
cmeraq Hoea BBans, mesnepupocaruweo 6 wacos npu 741 °C (TI5M, nempasaeno).

<
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Iig. 9. Bleetron micrograph of a fracture surface .of the Novd Baiie busalt glass tempered for 6 howrs
at 725 °C (TEM, not ctched).

1I'ég. 10. Electron micrograph of « fracture surface of the Nevd Baria basalt gluss, teimpered for 6 hours
at 741 °C (LM, not ctehed).
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