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DENSITY AND VISCOSITY HEASUREMENTS OF NH3-H20 LIQUIDS; Kargel, 
J.S., Lunar and Planetary Laboratory, Tucson, Arizona 85721 

The density and rheology of ammonia-water mixtures have been 
investigated for compositions and temperatures close to the 1-atm water-rich 
eutectic. 
Rl~eology measurements 

The rheology of NH3-H20 liquids was investigated using an HB model 
Brookfield viscometer; this viscometer measures the resistance encountered in 
rotating a spindle through a viscous medium; the viscosity was measured as a 
function of temperature with a precision of f 1% using the two largest' 
spindle sizes at rotational speeds ranging from 5 to 50 rpm. About 1.4 liters 
o f  analytical reagent grade ammonium hydroxide (29.4 wt X N H ~ )  was cooled in- 
an insulated container that was immersed in liquid nitrogen-cooled baths of 
dry icelacetone, acetone/ acetone ice, and ammonium hydroxide. The. 
container was closed except when measuring the viscosity. The viscosity of 
this liquid was measured in two experimental runs; these data are presented 
in Figure 1; the small amount of scatter in the data mainly results from 
viscosities measured at different strain rates, and indicates that the liquid 
is slightly non-Newtonian. An additional set of experiments (data not shown 
in Figure 1) determined the viscosity of four ammonia-water compositions 
(ranging from 26.0- 29.4 X NH3) at their respective liquidi. Combined with 
the known viscosity of the pure water end-member, these data permit an 
extrapolation to the viscosity, about 75 poises, at the ice-free eutectic 
composition and temperature. These observations are in reasonably good 
agreement with those of McKinnon and Meadows (I), who studied the rheology of 
ammonia-water mixtures at T 2 -73°C and extrapolated their data to a eutectic 
viscosity of 30-40 P. 
Density measurements 

Densities were determined by volumetric analysis of reagent grade 
ammonium hydroxide with known compositions (29.4% and 28.9% NH3) and with 
known densities at O°C (from the International Critical Tables); a graduated 
volumetric flask containing a chromel-alumel thermocouple probe inserted to 
the center of the flask was filled with about 1015 ml of liquid at O°C, which 
then was sealed. The flask was cooled in various constant-temperature baths. 
When thermal eqr~ilibrium in the flask was closely approached as determined by 
temperature measurements of the flask and the bath, the volume of the liquid 
was meastired and then normalized to the volume at 0°C to yield the density as 
a functiun of temperature. The density data for three experimental runs are 
shown in Figure 2. The formal uncertainty from all sources is 6.10-~ g 
at the Lower temperatures. 
Discussion 

Thesc: new density data, together with published density data for water 
and ammonia end-members and for ammonia-water mixtures at high temperatures 
( h  -15°C) has permitted extrapolations and interpolations of experimental 
data to r i l l  in all liquid densities For any ammonia-water composition at any 
temperature at 1 atm (2); the extrapolation to the eutectic composition (35 
wt % N I I , )  and temperature (-98.5"C) gives an ice-free density of about 0.940 
gm cm-j. These new data have important implications regarding the high- 
pressure phase diagram of ammonia-water mixtures (3), and for magmatic and 
tectonic processes and the global differentiation of icy satellites. Because 
the density of the eutectic liquid at -98.5"C is 0.940 gm ~ m - ~ ,  it is nearly 
neutrally buoyant in silicate-free assemblages of water ice and ammonia 
l~ytlrates ( 2 ) .  The fluid-dynamically important scaling quantity pg/p (4) for 
the ice-free eutectic liquid at -98.5"C on Miranda ( p  = 0.94 gm cm-3, g = 8 
cm s - ~ ,  11 = 75 P )  0.010 cm-I s" ; basalLic a~~desite alld adesite magmas 
on Earth have similar values for this quantity at their liquidi, sllggesting 
that, all other things being equal, an ammonium hydroxide flow on small icy 
satellites and basaltic andesite or andesite flows on Earth will have similar 
rheologic properties; larger satellites like Ganymede, Titan, or Triton could 
have flood-basalt-like flows of ammonium hydroxide. 'The density corltrast, ~ p ,  
between the eutectic melt and cosmic-composition assemblages of silicate-free 
ices is about 0.01 gm or smaller, compared to typical values of 0.1-0.2 
gm cmm3 lor terrestrial magmas and their wal lrocks. 'Che melt is probably 
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marginally huoyant in these ices, but negative buoyancy is a possibility in 
certain scenarios (2). On small satellites the quantity ~pg11.1, important in 
pipe flow rind magma extraction processes ( 4 ) .  may take on values similar to 
andesitic to dacitic magmas in pyroxenite wallrock on Earth. Using this 
terrestrial analog, melt extraction may not occur until a partial melt 
fraction of 20-402 is reached; large degrees of partial melt extraction could 
have important tectonic implications. And, if large degrees of partial 
melting are required before melt extraction occurs, the melt may migrate up 
the licl~~idus to more water-rich compositions. Water-rich melts have 
significantly lower viscosities at their liquid1 than does the 1-atm eutectic 
melt, but after partial crystallization of water ice below the liquidus, 
water-rich melts become substantially more visco~~s than the eutectic melt. 
Lunine and Stevenson (3) also suggest that the eutectic melting composition 
shifts to water-rich compositions at high pressures ( > 2  kbar). There may be 
tendencies toward plutonic activity for water-rich melts formed by high- 
pressure melting or by large degrees of partial melting, and toward volcanic 
extrusions of melts derived by small degrees of partial melting at low 
pressures. The pressure effect could explain why it is the small satellites 
like Enceladus, Miranda, and Ariel that display the best geomorphic evidence 
for possible ammonium hydroxide volcanism. 
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Figure 1. Viscosity of ammonium 
hydroxide. On the temperature 
scale, E=eutectic temperature, P= 
peritectic temperature, L=intersec- 
tion of the liquid with the liquidus. 

Figure 2. Density of 
ammonium hydroxide. 
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