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Infinite Diiution Diffusion Coefficients of Methanol and 2-Propanol in 
Water 

Mlchael A. Matthewst and Aydin Akgerman' 

Department of Chemical Engineering, Texas A&M University, College Station, Texas 77843 

Inflnlte dHutlon dlffuslon coefficients of methanol and 
2-propanol In water have been measured by the Taylor 
dlsperdon technlque over the temperature range 30-120 
OC. Uslng the data of Pratt and Wakeham and Esteal and 
Wooff at lower temperatures, we examlned the Othmar 
and Thakar equatlon (1953) over the entlre temperature 
range. I t  Is found that there are slgnfflcant deviations 
above 75 OC. 

T a b l e  I. I n f i n i t e  D i l u t i o n  D i f f u s i o n  Coef f i c ien ts  of 
M e t h a n o l  and 2-Propano l  in W a t e r  

T, "C 
D,, X lo5, cm2/s 

MeOH i-PrOH 
30 1.83 1.43 
56 3.42 2.21 
81 4.91 3.32 
120 7.13 5.82 

Introductlon 

Diffusion coefficients in water are of significance in evaluating 
theories of diffusion and the liquid state since water/alcohol 
systems exhibit strong hydrogen bonding. Data in the literature 
are limited in the temperature range with most measurements 
being at ambient conditions. The objective of this work was to 
measure the diffusion coefficients of methanol and 2-propanol 
in water at a temperature range from 30 to 120 OC. In  order 
to prevent water from boiling, the measurements were made 
at a pressure of 400 kPa (about 58 psia). Our previous studies 
indicate that the diffusion coefficients in liquids are independent 
of pressure in a narrow pressure range of 14.7-500 psia ( 7 ) .  

Experlmental Technlque 

Mutual diffusion coefficients of the alcohols were measured 
by the Taylor dispersion method (2). In  this method, a narrow 

Present address: Department of Chemical Engineering, Unlverstty of Wyo- 
ming, Laramie, WY 82071. 

pulse of solute diluted in the solvent is injected into a tube in 
which the solvent is moving in slow laminar flow. The pulse 
ultimately assumes a Gaussian distribution whose temporal 
variance is dependent on both the average flow velocity and 
molecular diffusivity D ,*. At the end of the diffusion tube the 
concentration versus time data is recorded as the peak elutes. 
The normalized first and second temporal moments are cal- 
culated from which the diffusion coefficient is obtained. The 
apparatus and working equations have been described previ- 
ously ( 7 ,  3 ) .  

Results and Dlscusslon 

Measured infinite dilution diffusion coefficients of methanol 
and 2-propanol in water are given in Table I. A 95% confi- 
dence interval of f5% of the mean is generally sufficient for 
the data. Previous measurements on diffusion of alcohols in 
water were performed at temperatures below 65 OC, so this 
work almost doubles the temperature range of available data. 
Figure 1 shows data from this work along with those of Pratt 
and Wakeham (4) for 2-propanol in water and those of Esteal 
and Woolf (5) for methanol in water. Pratt and Wakeham also 
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Flgure 1. Infinte dilution diffusion coefficients of methanol and 2- 
propanol in water: (0) methanol, this work; (.) 2-propanol, this work; 
(0) methanol, ref 5; (0) 2-propano1, ref 4; (-) predlctbns of Othmar 
and Thakar (6). 

used the Taylor dispersion method to make their measure- 
ments. Esteal and Woolf used a magnetically stirred diaphragm 
cell technique. Our low-temperature data agrees well within 
experimental accuracy with data of Pratt and Wakeham and 
Esteal and Woolf. 

Diffusion in water as been well correlated with the Othmar 
and Thakar equation (5). For diffusion in water this empirical 
correlation reduces to 

(1) D,, = 14.0 x 10-5772-1~1~,-0.e 

where the water viscosity T~ is in centipoise, the molar volume 
of the alcohol is in cm3/(g mol), and the diffusivity is in cm2/s. 
This equation is also plotted in Figure 1. As can be seen from 
the figure, the agreement is good at low temperatures; how- 
ever, there is a significant deviation from the data at high tem- 
peratures. Clearly there is a danger in extrapolating this pre- 
dictive equation beyond its temperature range. 

Glossary 

D 12 

V1 
772 solvent viscosity 

diffusivity of solute 1 in solvent 2 
moiar volume of solute, cm3/(g moi) 

RegleSly No. Methand, 67-56-1; 2-propanol, 67-63-0; water, 7732-18-5. 

Llterature Clted 

(1) Matthews, M. A,; Akgerman, A. J .  Chem. Eng. Data 1887, 32, 319. 
(2) Alizadeh, A. A.; Nieto de Castro, C. A.; Wakeham, W. A. Int .  J. 

Thermophys. 1880. I ,  243. 
(3) Matthews, M. A. Ph.D. Dissertation, Texas A&M University, College 

Station, TX, 1986. 
(4) Pratt, K. C.; Wakeham, W. A. Proc. R .  SOC. London A 1875, 342, 

401. 
(5) Esteal, A. J.; Woolf, L. A. J .  Phys. Chem. 1885, 89, 1066. 
(6) Othmar, D. F.; Thakar, M. S. Ind.  Eng. Chem. 1853, 45,  589. 

Received for revlew December 23. 1986. Accepted September 14, 1987. 
This work was supported by Contract DE-AC22-84PC 70032 from the U.S. 
Department of Energy. 

Vapor-Liquid Equilibria of Nitrogen-Hydrocarbon Systems at 
Elevated Pressures 

Feliclano M. Llave and l ing Horng Chung' 
ZIT Research Institute, National Institute for Petroleum and Energy Research, Bartlesville, Oklahoma 74005 

The phase equlllbrla behavior of nltrogen + hydrocarbon 
blnary, ternary, and quaternary systems was studied. 
Measurements were made over the temperature range 
from 305.4 K (BO O F )  to 373.2 K (212 O F )  at pressures up 
to 35.85 MPa (5200 psla). The blnary systems studled 
Included nltrogen + n-heptane, nitrogen + n-octane, 
nltrogen + n-nonane, nitrogen + n-decane, nltrogen + 
n-dodecane, nltrogen + benzene, and nltrogen + toluene. 
The methane + n-butane + n-decane, nltrogen + 
n-butane + n-decane, and nltrogen + methane + 
n-butane + n-decane systems are also reported. 
Comparlsons wlth binary data from the literature show 
good agreement and consistency of a new experimental 
vapor-liQuld equlllbrlum (VLE) measurement deslgn. 

Introduction 

Nkrogen has been widely used in oilfield operations for res- 
ervoir pressure maintenance, gas cycling, and gas lift. In  re- 

cent years, the use of nitrogen for enhanced oil and gas re- 
covery has become an attractive method for some high-pres- 
sure reservoirs. 

A thorough understanding of the phase behavior of the ni- 
trogen gas and the crude oil is essential for applications of 
nitrogen in enhanced oil recovery. The equilibrium phase dia- 
gram of nitrogen-crude oil systems can be used to establish 
whether a miscible or immiscible condition will occur. 

Ideally, the phase behavior of complex systems can be 
predicted by using equations of state (EOS) such as the 
Soave-Redlich-Kwong (SRK) or Peng-Robinson (PR) EOS. 
However, the use of EOS for the prediction of these multicom- 
ponent systems will face a possible problem-the lack of ex- 
perimental phase behavior information needed to optimize these 
equations of state for more accurate predictions. 

Most of the information on this subject in the literature is 
about binary nitrogen-light alkane systems. Binary system 
studies involving nitrogen and methane, ethane, or propane 
have been concentrated mostly on operations under cryogenic 
conditions. Most data for ternary and a few quaternary systems 
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