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Introduction 

zhe manufacture or reprocessing of l lquid kydmaubnu derived fmm 
either coal or petroleum often involves high temperatures and pres~ures, notabu 
In hydrogenation o r  reforming units. The accurate design o f  such units, par- 
t icularly the liquid handling syetans, thus  depends heavily upon knowledge of 
the physical properties of the Uquid inventories or oils a t  the rigorous con- 
ditions employed in the u n i t s .  Viscosity and density data for  Uquids at very 
high temperatures and pressures are indeed sparse in the Uterature, for even 
the more familiar Liquids. 
completely unavailable far new products and processes so that the necessary 
data must be obtained directly on the new materiale. 

Such engineering data are almost certain t o  be 

The Instrument described here w a s  developed, in par t icu lar ,  to 
r easu re  the viscosity and density of cOal oila at temperatuRs up to 4 % " ~  
and pressure up to pslg, conditions used for further hydn3gena.tion. 
However, the lnstnmkent is Of widespread interest  since it can be used to 
gain data on any l iquid under extreme conditions. 

Gamma radiation I s  perhaps uniquely applicable to detemine riquid 
properties under such drastic conditiops. 
maintain these conditione precludes th6 use of more conventional measuring 
techniques. 

The necessary heavy equipment to 

A schematic dtagram of the apparatus is @veri in Figure 1. The ar- 
rangement shown is that f o r  viscosity measurements. 

a controlled temperature autoclave that can be maintained under high pressure. 
& u + x U y ,  viscosity is  determined by measuring the falling velocity of a plummet 
i n  the liquid. 
velocity. It consists of tvo vide disc ends connected by a thin stem. 
gamma ray beam traverses the column of1 Uquid. 
the gamma ray beam, the tvo heavy ends absorb much of the beam and the stem ab- 
sorbs but Uttle. Continuously recorded observation of the beam intensity yields 
two deflections and frcin the i r  t ime separation and the s i z e  of the plummet, the 
velocity I s  easily calculalmi. 

The =quid I s  contained 

The special shape of the plumnet facLUtates measurement of the 
The 

As the pliumnet falls through 

The clearance betveen pl.unnnct and Inner w a l l  of the vessel is d, 
of tho order of 5 to 10 thousands of an inch. 
a t  hi& temperatures, i .e.,  to give a falling velocity slow emu@ to bo accurately 

Tb3.s is to suit the lov viscosities 
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CallbratLon 

Bapir lca l  calibratians are used for both ttre vlscodty snd density 

.Sone typical reaponsee obtained on the cormting recorder vbcn caLi- 

-8. 

brating the viscometer are ahovn in 3%- 2. 
vhen the bottom and top of the plumnet paes through tha gama ray beam. Measare- 
rent of time betvaen deflections I s  quite accurateI to three e i m c a u t  flgprae. 
From these primaq data, an empirical calibration o f  v i s c o s i ~  against o b a d  
falling t i m e  (ve loc i ty  can be used if one chooses> is obtained as shown in Fignra 
3. An exceLlent straight line relationship Is ob- on a logarithic plot, 
confilmfng that terminal velocity of the pl.maet is  being observed in tha via- 
comrter. 
velocities o f  falljag bodies. 
obtained by using trichlorocthana, benzene, Prater and tvo 5fiS standard viscosity 
oils at 25'12. Sindlarly callbratfag tvo mom p l u m m e t s  w i t h  larger clearmtcea 
yielda a nsefnl me8s-t range of 0.4 to M,m cp for this viscaneter. 

Rote the vcll-eauged dd lec t i ena  

This is predicted by fundamentdl viscosity relationehips for tendnal 
The five points plotted in this d b x a t i o n  vere 



~ 0 t h  in thc calibrations -a measureiuents vith the vfscomater, the 
bouyancy effects  011 the plummet by l iqu ids  of Werent  densities are cor- 
rected for by 

vhere 

This equation refers all bouyancies to that of vater a t  a density of 1.00, au 
arbi t rar l ly  chosen reference. 
derives from the first order appmxLmation that ths falling time is proportion 
to bouyancy. 
ferent than 1, then the correction is negligible. 

Any other vould serve as vell. 

If the density of the Uquid in the viscometer is not much dii- 

The equation 

As a densitaneter, the apparatus was empirically calibrated by al- 

The transmission, T, is arbitrarlly defined 8s T = C/Co e r a  

t e r n a t i v a  filling it with materials  of kmnm density, namely, air, benzens, 
vater, tricblomethane and carbon tetrachloride apd obselving the gamma ray 
transmission. 
C is the counts per ninute observed for the discriminated gamma beam after 
passing through the f i l l e d  autoclave and CO is the count rate obtained fraa 
a small reference radiation source attached to the scintFUation counter Fn 
fixed gmmetry that can always be dupUcated. T I s  thus put on a cannon baala 
vhich eUminates effects of instrumental sensi t ivi ty  drifts during an e- 
study. As expected, an almost straight Une relatlonahip is obtained for the 
logarithm of transmission versua density as shown in Figure 4. Perfect 
l inear i ty  is not expected because of absorption in the autoclave valls and 
heater. The plummet may remain during densitometer calibration and use. 

Results - 
Sapn exemplary data are glven in Figure 5, an t he  temperature de- 

pendence of viscosity of hi@ molecular veigfit o i l s  obtained by partlal 
hydrogenation of coal. The plots  approxhate the rough empirical h v  for 
Uquid vlscosiw dependence on teuu?ersture, i.e., h g q  + B  T , w h e r e  
A and B a m  constaats. 
pounds as here studied. 
of dsta that c m  be obtained vith t h i s  viscameter; data that a m  U f i c u l t  
to  obtain othervlse. 
data were used to determine throughput rates In reactors containing &d 
ca ta lys t s  a t  np to  450"~. 

Str ic t  Uneari ty  isn't expected for mixtures of cam- 
These results serve here only t o  Fllustrate the type 

In practice, the oils A and B difPer i n  boiling range. 

A correlation s k d y  of the effects of temperature and sure an 
the viscosit ies of uquitis ana vapors vas mute 
the correlation i s  based on l o v  molecular weibt hydrocarbans up to hexane, 
a rough comparison may be made wlth the present data. !I!he correlation is a 
plot of )7/ 

snith B-TT. Though 

vs. reduced pressure (P(P c?tical)  w i t h  a reduced temperature 
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