
American Mineralogist, Volume 86, pages 1100–1111, 2001

0003-004X/01/0009–1100$05.00      1100

INTRODUCTION

Liquid-vapor equilibrium (LVE) data for CO2-H2O fluids
have numerous scientific and commercial applications
(Tödheide and Franck 1963; Takenouchi and Kennedy 1964;
Sterner and Bodnar 1991; Duan et al. 1992; Gallagher et al.
1993; Fenghour et al. 1996; Bakker and Diamond 2000). Thus,
it is disappointing that experimental investigations of L-V re-
lations in the CO2-H2O system (Tödheide and Franck 1963;
Takenouchi and Kennedy 1964; Sterner and Bodnar 1991; Seitz
and Blencoe 1997) have produced inconsistent results (see
Takenouchi and Kennedy 1964, Fig. 8; Seitz and Blencoe 1997,
Fig. 5; and Bakker and Diamond 2000, Fig. 2). Resolution of
the discrepancies would facilitate development of more reli-
able thermodynamic models for CO2-H2O fluids.

In this paper we describe a new experimental technique for
determining the high-P liquid-vapor phase relations of CO2-
H2O mixtures at ~275–360 °C. The utility of the method was
tested by applying it to obtain new LVE data for CO2-H2O mix-
tures at 300 °C. Results are in excellent agreement with those
of Takenouchi and Kennedy (1964) and Seitz and Blencoe
(1997), but are highly discordant with values determined by
Tödheide and Franck (1963) and Sterner and Bodnar (1991).

APPROACH

The following procedure was developed to obtain “high-P”
LVE data for CO2-H2O fluids. First, a homogeneous CO2-H2O
fluid (F, Fig. 1) of predetermined composition is created by
mixing appropriate amounts of pure H2O and CO2 at a fixed,
elevated temperature and pressure in a sealed, variable-volume,
vibrating U-tube apparatus (Fig. 2). The fluid sample is then
slowly depressurized under isothermal conditions by steadily
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ABSTRACT

A highly precise and accurate vibrating U-tube technique was developed to determine the upper
baric stabilities of liquid-vapor assemblages in the CO2-H2O system at high subcritical temperatures
(∼275–360 °C). The first step is to create an isobaric-isothermal, physically isolated and chemically
homogeneous sample of “high-pressure” CO2-H2O fluid of known composition. Fluid pressure (P)
is then lowered slowly at constant temperature. Pressure readings and matching values for τ (the
period of vibration of the U-tube) are recorded at 0.1 or 0.2 MPa intervals. When the fluid begins to
separate into two phases (liquid + vapor), a distinct inflection is observed in the trend of P vs. τ.
Performing such experiments for fluid compositions at 0.05 mole fraction CO2 (XCO2) intervals in the
range 0.05 ≤ XCO2 ≤ 0.40 at 300 °C produced a complete high-P liquid-vapor boundary curve for the
CO2-H2O system at that temperature. Agreement with corresponding curves determined in previous
studies ranges from poor to excellent.

increasing the volume of the system (see below). Simulta-
neously, pressure (P, MPa) and period of vibration (τ, Hertz)
of the U-tube are recorded at 0.1 or 0.2 MPa intervals. Read-
ings are taken until it is certain that P has decreased to a value
well below the F → L + V reaction point for the fluid composi-
tion (Fig. 1). Distinct differences between the P-τ data for the
F and L + V phase fields form the basis for calculating a reac-
tion pressure. Repeating these steps for a series of fluid mix-
tures at closely spaced intervals of composition yields the data
needed to precisely and accurately locate the high-P boundary
curve of the L + V phase field.

EXPERIMENTAL EQUIPMENT

LVE data were collected using a custom designed, vibrat-
ing-tube densimeter (VTD) operable at 50-500 °C, 5–200 MPa
(Blencoe et al. 1996; Seitz and Blencoe 1999). The principal
components of the VTD system are: (1) a ~10.2 cm long, vi-
brating U-tube connected to a 14.0 cm long, ~3.8 cm O.D.,
helical heat exchanger (Fig. 2), fabricated by bending, coiling,
and heat treating a 4 m. length of 0.318 cm O.D., 0.1588 cm
I.D., Inconel 718 tubing; (2) rod and mica heaters for raising
fluid temperature on the upstream side of the vibrating U-tube;
(3) a 15.24 cm long, 0.318 cm O.D., 0.1588 cm I.D., Inconel
718 “mixer,” packed with four loosely braided 0.0254 cm di-
ameter platinum wires; (4) a 101.6 cm long, 30.48 cm O.D.,
10.16 cm I.D., DC-powered resistance furnace (Blencoe et al.
1996, Fig. 2); (5) three high-precision, high-accuracy positive-
displacement (“piston”) pumps for injecting pure fluids (in this
study, H2O and CO2) into the main flow line of the system (Fig.
2); (6) a microprocessor-controlled, “take-up” piston pump,
which receives and stores fluids that pass through the main
flow line; (7) two pressure transducers for measuring fluid pres-
sure in the main flow line; (8) high-pressure accumulators for
storing reference gases (He, Ar, and N2); (9) a pressure-inten-


