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The high-temperature oscillntion viscometer constructed by the authors 
operates at up to 1 700 °0 in the viscosity range jrom 0.1 to 1.5 Pa . s. The 
viscosity is calculated jrom the value oj the logarithmic decrement obtained by 
measuring the time intervals oj a moving beam using two fixed photodetect0'1's. 
The output oj the measuring device was connected 'on-line' to a programmable 
minicomputer which processed the measuring data. The bodies used in the 
viscosity measurements were either cylinders or cylinder with conical ends. 
The viscometer was tested on aqueous glycerine solutions using equations for 
movement oj a cylindrical body in a viscous medium, whereas Jor the cylindricat 
body with conical ends the equation was corrected by calibration in glycerine 
solutions. The absolute error oj the viscosity determinations was less than 3 %
Viscosity measurements were carried out on melts having the composition11 
CaSi03 , CaMgSi206 and Ca,MgSi207 in the temperature interval 1 390 to 
1630 °G. 

INTRODUCTION 

The oscillation viscorneter was used in the determination of viscosity of molten 
salts in a number of studies [l]-[8]. It has found application in particular at 
low-viscosity liquids, volatile liquids and in the measuring of viscosity of ga.eee 
[7], [9], [10]. The selection of this type of viscometer for viscosity measurements 
on oxide melts was given by the relatively low viscosities of the melts in question 
(melts with the Ca0/Si02 modulus of about 1, steelmaking slags, etc.) as well a.e 
by the high consumption of platinum n:ctals involved in the use of a rotary visco
meter. 

The use of a cylindrical measuring body, which enables to obtain absolu
te viscosity values [2], was restricted because of the possibility of a bubble 
forming at the bottom surface of the measuring body. This is why the alterna.te 
shape of a cylinder with conical ends was employed. Movement of such a body 
through a viscous medium has not so far been described by an equa.tion which 
would allow visuosity to be calculated directly. For this reason calibration by 
means of aque0c:s glycerine solutions had to be employed with bodies of this 
shape. 

The oscillatio,1 viscometer is based on the principie of measuring the damping 
of torsion oscillations of a symmetrical body of defined shape, suspended on a thin 
torsion wire and immersed in the Iiquid being measured. Viscosity is ca.lcula.ted 
from the logarithmic decrement defined as the difference of the logarithms of two 
subsequent amplitudes, when knowing the density of the Iiquid being mea.sured, 
the body dimensions and the moment of inertia of the cntire suspension system 
performing the damped harmonie oscillations. 
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APPARATUS 

The design of the oscillation viscometer for work in air atmosphere up to 1 700 °C 
is shown in the schematic diagram in Fig. 1. The measuring bodies were alter
natively a cylinder whose diameter was equal to its height (5.47 ± 0.01 mm) 
and a cylinder with conical ends with equal cylinder radius, cylinder height a.nd 
heights of both cones (3.718 ± 0.005 mm). The measuring bodies and the parts
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Fig. 1. Schematic sectional view oj the oscillation viscometer. 1 - winding device, 2 - tempered 
protectivejacket oj the torsion wire, J - torsion wire, 4 - gripping collets, 5 - mirror, 6 - additional 
brass rings, 7 - heavy ring oj stainless steel, 8 - bayonet letting down device, 9 - thermocouple, 
10 - level surjace contact, 11 -jurnace closure, 12 - corundum jurnace shajt, 13 - water-cooled 

jurnace, 14 - measuring body, 15 - crucible with melt. 

of the suspension system situated in the furnace hot zone were of the PtRh40 
alloy. The parts of the suspension system outside the hot furnace zone were of 
stainless steel or brass. For determining and change in the inertia of the suspension 
system three rings of brass and one of stailess steel weer used, which had been 
machined with the most high precisíon. 
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ture was measured with an error of ±5 °C. The melt was plaeed in a crucible of 
PtRh30 alloy, 40 mm in diameter and 50 mm in height. The amount of the sub
.stance weighed into the crucible was such that the melt volume amounted to 
a.bout 40 cm3• 

The da.mped harmonie oscillations of the auspension system were recorded by 
means of a halogen lamp bea.m reflected from the suspension aystem mirror a.od 
received by two KP 101 phototransistors situated in its trajectory. The detectors 
were placed roughly symmetrically to the oscillation axis and their mutual distance 
was 5 cm. The distance between the lamp and the detectors and the suspension 
system mirror was about 1 m, the angular displacement at the maximum amplituda 
a.mounted to about 6 deg. The ti me intervals between the phototransistor pulses 
were measured with an accuracy to 10 µs. The overall accuracy of the oscillation 
measurement was ± I ms with the given arrangement. The set of time intervale 
was transmitted trough an interface into the memory of the EMG 666 minicom
puter. The mathematical processing of the set of time intervals, the computation 
of the period the amplitudes and the logarthmic decrement was described in [4]. 

Equations for the computation of the viscosity of Iiquids measured by the 
oscillating sfere and cylinder (with equal dia.meter and height) were derived in 
[2, 12]. For the cylinder, the equation has the form 

(2) 

where 

TJ is viscosity (Pa . s), e is density of the liquid being rneasured (kg m-3), R is the 
radius of the measuring cylinder {m), I is the moment of inertia of the torsion 
pendulum (kg m2), tis the period in the liquid being measured (s), t0 is the period 
in vacuo (s) and (5 is the logarithmic decrement. For a sphere, equation (2) has an 
analogous form [12] where the value of the constant is 3/4 and not 2/5. It is to be 
a.ssumed that the size of this constant depends on the geometrie shape of the 
measuring body and that with one in the shape of a cylinder with conical ends, 
it should be possible to use equation (2) with the value of the constant determined 
by calibration measurements. 

The logarithmic decrement ó, arising in equation (2), is a magnitude cha.racteriz
ing the damping of the torsion oscillations due solely to friction between the mea
suring body and the liquid being tested. The experirnentally established value 
(5exp has therefore to be corrected for the damping due to friction of the suspension 
system with the am bient atmosphere ((5air) and for the damping due to friction 
of the immersed part of the rod connecting the suspension system with the measur
ing body (Óconn). The latter correction is sigificant na.mely when using rneasuring 
bodies of Sinali sizes. The corrected logarithmic decrement value is thcn calculated 
from the equation 

Ocorr = Óexp - Óair - Óconn• (3) 

The loga.rithmic decre,11ent values were ca\culated by processing 10 to 20 perioda 
in dependence of the viscosity of the liquid being rneasured, while the first 3 to 
-O periods from starting the damped oscillation were not recorded. This time was 
found satisfactory for equalization of the wholc suspension system after its starting. 
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values were treated by the least squares method, Viscosity of the melta in question 
can be described by the following exponential equations: 

17CBS10, = 8.981 X 10-6 exp (18931/T); !117 = 2.1 %, (5) 
['7caMgSiaOo = 7.230 X I0-6 exp (19840/T); il77 = 1.6%, (6) 
'7Ca,Ml!St,o, = 1.441 X I0-5 exp (16820/T); flT} = 2.5 %, (7) 

DISCUSSION 

In the designing of the oscillation viscometer, use was made of experience 
ga.ined in the construction a.nd operation of the appa.ra.tus decribed in [2], [4] to 
[7], [15]. The design wa.s influenced by the lesa exacting precision requirements 
in this instance. Application of the oscillation viscometer for temperatures of up 
to 1 700 °C and for oxide melta with viscosities of the order of 0.1-1 Pa. s requires 
soa.ling down of the measuring body dimensions a.nd increa.sing the moment of 
inertia. of the suspension system, which necessa.rily lea.ds to a. lower sensitivity of 
the instrument a.nd consequently to a. lower measuring accuracy. In view of this 
the new viscometer shows parameters roughly 5-timee lese favoura.ble tha.n the 
presently top-grade oecillation viscometer [5] which, however, ha.s so far been 
used a.t tempera.tures up to about 1 100 °C, exhibiting a.n a.bsolute measuring 
error of 0.5-1 % for routine measurements a.t this tempera.ture [6]. 

The results of viscosity measurements on a.queous glycerine solutions involve 
a.n estima.ted a.bsolute mea.suring error lower tha.n 3 %, Ta.hle II shows a. compa.rison 
of the data mea.sured with litera.ry data. at 20 °0 and indica.tes tha.t the latter 
exhibit differencee of up to 9 %- With regard to an a.na.lyeie of the methode 
employed, the data given in [16] were coneidered the most reliable ones. Those 
specified in [17, 18] are higher by a.bout 3 to 5%. It ma.y be said, however, tha.t 
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Fig. 2. Viaooaity ofthe melta ofCaSiO., CaMgSi206 and Ca2MgSi20,. o - CaMgSi206 , t,. - Ca8i03 , 

V - C32MgSil01, -.-.-. after [19], -- after [20], • - after {21], full lines according to 

equationa (5)-(7). 
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VYSOKOTEPLOTNÝ OSCILAÓNÝ VISKOZIMETE R 

Vladimír Daněk, Tibor Ličko, Miroslav Uhrík, Alexander Silný 
Úatav anorganickej chémie Gemra chemiekého výakumu SAV, 842 36 BratiBlava 

Skonštruoval sa vysokoteplotný oscilačný viskozimeter pracujúci do teploty 1700 °0 v oblasti 
viskozít 0,1-1,5 Pa . s. Schematický prierez viskozimetra je uvedený na obrázku 1. Viskozita sa 
vypočíta z hodnoty logaritmického dekrementu, získa.nej meraním časových úsekov pohybujúceho 
sa lúča medzi dvomi fui;ova.nými fotodetektormi. Výstup meracieho zariadenia bol pripojený 
„on-line" na programovatelný kalkulátor, ktorý spracovával výsledky mera.nia. Pre meranie 
viskozity s11 použilo alternatívne teliesko v tvare valca, alebo valca s kuželovitými koncami. 

Funkcia viskozimetra sa overila mer11ním viskozity vodných roztokov glycerínu pri použití 
rovníc pre pohyb valcového telesa vo viskóznom prostredí, zatiaf čo pre valcové teliesko s kuže
lovitými koncami sa táto rovnica. korigovala pomocou kalibrácie v roztokoch glycerínu. Stano• 
venie viskozity sa uskutočnilo s absolútnou chybou merania menšou a.ko 3 %, 

Stanovila sa viskozita tavenín zloženia CaSi03, CaMgSi206 a Ca2MgSi207 v teplotnom roz
medzí 1390-1630 •c. Teplotná závislost viskozity meraných tavenín sa popísala exponenciál
nymi rovnioami: 

77caS101 = 8,981 . 10-6• exp (18 931/T); /177 = 2,1 % 
77caMgS12o1 = 7,230 . 10-6

• exp (19 840/T); /177 = 1,6 % 
77ca,K15t,07 = 1,441 . 10-s. exp (16 820/T); /177 = 2,5 % 

B hICO KOTE M II EP AT YP H hlfl OCIJ;H JI JIAIJ; HO H H bUl 
BMCK03HMETP 

BnaA H M Hp ,naHeK, TH 6op JlHqKo, MHpocJiaB YrpHK, 
AneKcan,1:1ep CHJibHhl 

H1-1.cmumym HeopaaHu1teC1'0U xu.uuu I.{e1-1.mpa xUMu1tec,wao ucc.ae8oea1-1.UA CAH, 
842 36 BpamucJ1,aBa 

B1.m co6paH BLICOKOT0MIIepaTypHLili ocu;mrnau;uoHHLlli BHCKO3HMeTp, pa6oTaIOm;Hií AO 
TeMnepaTypbI 1 700 ·c B o6JiaCTH BlI3KOCTe.ií 0,1-1,5 na. C. CxeMaTnqecKOe ceqeHH8 
BllCKO3HMeTpO M  npnBOAHTCH Ha pHC. 1. BH3KOCTb paccqnTbIBami: Ha OCHOBaHHH B0JIH'IHHhl 
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norapmfiMnqecKoro .n:eKpeMeHTa, rronyqennoií: H3MepemieM rrpoMemyTROB upeMeHH ABH 
ffiym:erOCH Jiyqa Mem.n:y J.\BYMH HeilOABIIIRHblMH q>OTOAeTeKTOp8MH. BhlXO.D: ll3Mepiuomeií 
ycTaHOBKH iIOARJIIO'IH;rn „on line" R rrporpaMnpyeMOMY KaJIKYJIHTopy, 06pa6aThlBa10meMy 
peayJihTaTbl H3MepeHHH. )],JIH ll3MepeHHH BH3IWCTH HCIIO.'Ib30B8JIH 8JlbTepm1pyromee Te.no 
B BHJJ:0 IIHJIHHJ.lpa HJIH IIHJIHH.D:pa C KOHycooúpa3HbIMII KOHU81\IH. 

Pa6ory BIICH03l!M0Tpa rrpoaepJJJIII H3MepemieM BH3KOCTI1 BOAHhlX paCTBOpOB nmuepnHa, 
np11MeHHH ypaBHeHHH .D:JIH ABHIBeHl!H unmrn�pnqecRoro TeJia BO BH3ROH cpe.r1e, B TO BpeMa 
KaK /:(JIH IlllJIHHAPH'IeCKOro Te;ia C KOHycoo6pa3HbIMII KOHU8MU 3TO ypaBH0Hlle 1wppeRTH
poBaJI11 C IlOMOillblO R8JIH6paIIHH B pacTBopax rJIHIIepHHa. Onpe.n:eJieHne BH3KOCTH npoBO
.D:HJIII C a6cOJIIOTHOií: norpernHOCTLIO H3MepeHHH, ll0.D:OCTHra10meií: 3 %,

-YcrnnaBJIHBaJIH BH3KOCTh pacrwaBoB cocTaBa CaSi03, CaMgSi.Oo n Ca2MgSi207 B TeM
nepaTypnoM HHTepBaJie 1 390-1 630 °C. TeMnepaTypHyIO 38BIICHMOCTb BH3ROCTH ll3Mep
JieMhlX pacITJiaBOB OITHChlB8JIH C ITOMOillblO 3KCITOH0HU118JII,Hb!X ypaBH0HllŘ: 

l7cas10, = 8,981 . 10-•. ex:p (18 931/T); A17 = 2,1 % 
l7CaMgS1,06 = 7,230 . IO-•. exp (19 840/T); AT/ = 1,6 % 

17ca,Mgs1,o, = 1,441 . 10-5
• e:x;p (16 820/T); 11T} = 2,ó% 

Puc. 1. Cxe.,u,amu1tec1we ce1teuue euc,;oau.,u,empoM: 1 - uam11:>1C1-1,a11, ycma1-1,oe1.a, 2 - me.1,mepu
poeaHH,Oe aau+u.m1-1,oe noi.pbimue KpymUA,bH,020 eoAoKua, 3 - ,;pymu.,r,1,noe tJO.A01'HO 
4 - K,'UUfU, 5 - aepKaAo, 6 - 806a60'(H,ble AamyH,Hble /WJl,bt/,a, 7 - mJl:JICťJl,Oe 11:0.AbijO 
ua uep:i,caee10-u+eií cmaAu, 8 - wmbz,;oeoe nyc,;oeoe ycmpoiícmeo, 9 - mepMonapa, 
10 - 1.01-1,ma-,.m, CAY:HCllUfUU OAR onpe0Meuu11, ypoewi, 11 - aameop ne1tu, 12 - 1'0-
py1-1,8oea11, waxma ne"u, 13 - eoóoox.rr,a:>1CoaeMa.11 ne1tb, 14 - ua.Mep11,10u+ee me.Ao, 
15 - muMAb c pacn.rr,aeoM. 

Puc. 2. BM1.ocmb pacn.rr,aeoe CaSi03, CaMgSi20o u Ca2MgSi20,. O - CaMgSizOo, I::,. -. 
- - CaSi03 , 'v - Ca2MgSh01,- .- .- .- coeAacHo [19], ----- co2.rr,arno [20]- • - co-

2J1.acno [21], cnJtOWHb!e J!UHUU COeJ!aCHO ypaeHeHUll,M, (5)-(7).
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