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Pyrite Oxidation in Aqueous Ferric Chloride

W. E. KING, JR.
and
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Philadelphia, Pennsylvanic 19174

The rate of pyrite oxidation in aqueous ferric chloride was determined

for two distinct solid particle systems: industrial grade pyrite and coal parti-
cles containing pyrite. The oxidation rate for the pyrite particle system was
found to increase significantly with increasing temperature (40° to 100°C),
ferric chloride concentration (0.1 and 1.0 M), and pyrite loading (2 to 20
g/1); the rate decreased with increasing particle size (—325 to 140 mesh).
Agitation did not have a significant effect, and a kinetic model was developed
and fit to the experimental data.

For the coal particle system used in this study, the most important vari-
able was particle size. The oxidation rate of pyrite in coal smaller than 325
mesh was much greater than in larger coal particles. The effect of tempera-
ture (80° to 100°C) on the oxidation of pyrite in coal was not significant,
nor was the effect of pretreatment with 0.1N hydrochloric acid. Approxi-
mately half of the detected ferric iron reduction was attributable to pyrite
oxidation; the balance arises from other coal reactions.

SCOPE

The chemical treatment of pulverized coal with aqueous
solutions of iron salts is reported (Hamersma et al., 1973)
to be capable of almost complete removal of inorganie
sulfur (pyrite) in residence times of the order of hours, De-
tailed kinetic studies are needed to provide a basis for
optimum reactor design.

In the study reported here, oxidation rates in aqueous
solutions of ferric chloride were measured for two distinct
solid particle systems: industrial grade pyrite and coal

particles containing pyrite. For the former, the effects of
temperature, ferric chloride concentration, reactor agita-
tion, particle size, and solid loading were investigated. For
the coal particle system, the effects of temperature, particle
size, and dilute acid pretreatment were examined.

All experiments were carried out isothermally in a well-
stirred batch reactor. Samples were taken at selected time
intervals and analyzed for ferric and ferrous iron. The
kinetic data for the pyrite particle system were used to
develop a kinetic rate model.

CONCLUSIONS AND SIGNIFICANCE

The oxidation rate for the pyrite particle system was
found to increase significantly with temperature, ferric
chloride concentration, and pyrite loading; the rate de-

W. E. King, Jr. is at the University of Maryland, College Park,
Maryland 20742.

AIChE Journal (Vol. 23, No. 5)

creased with increasing particle size, while agitation did
not have a significant effect. The experimental data for the
pyrite particle system were empirically correlated over a
wide range of operating conditions by the simple two-
parameter kinetic model
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For the coal particle system, the most important vari-
able was particle size. The oxidation rate of pyrite in coal
smaller than 325 mesh was much greater than in larger

coal particles. The effect of temperature change from 80°
to 100°C was not significant, nor was the effect of pre-
treatment with 0.IN hydrochloric acid. For the coal used
in this study, approximately half of the detected ferric iron
reduction was attributable to pyrite oxidation, the balance
arising from extraneous reactions.

The treatment of coal particles with an aqueous solu-
tion of iron salts is one technique which has been proposed
for the removal of sulfur from coal. The major part of this
inorganic sulfur is in the form of iron disulfide (pyrite and/
or marcasite), commonly referred to simply as pyrite
(Walker and Hartner, 1965). It exists within the coal in
both macroscopic and microscopic form; the latter is finely
divided, primarily within the 20 to 50y range. As a result,
it is not feasible to remove pyritic sulfur completely with
physical cleaning techniques.

The first reported kinetic studies of pyrite oxidation in
aqueous solutions involved the use of dissolved oxygen as
the oxidizing agent {Warren, 1956; McKay and Halpern,
1958). Since then, investigators have studied pyrite oxi-
dation in dilute (<0.02M) iron salt solutions (Garrels and
Thompson, 1960; Sasmojo, 1969; Mathews and Robins,
1972). Meyers et al. (1975) were the first to examine
pyrite oxidation in concentrated iron salt solutions
(~1.0M). They have shown that a chemical treatment
process using aqueous solutions of either ferric chloride or
terric sulfate can remove 98 to 100% of the pyritic sulfur
from coal by oxidizing the pyrite to either elemental sulfur
or sulfate ion.

The study reported here extends the range of known
behavior to include parameters of interest in practical de-
sign. The oxidation rates in aqueous solutions of ferric
chloride were measured for two distinct solid particle sys-
tems: industrial grade pyrite and coal particles containing
pyrite. For the former, the effects of temperature (maxi-
mum of 100°C), ferric chloride concentration, stirrer revo-
lutions per minute, particle size, and solid loading were in-
vestigated. For the coal particle system, the effects of tem-
perature, particle size, and dilute acid pretreatment were
examined.

AQUEOUS REACTION CHEMISTRY

The inorganic chemistry of aqueous iron salt-pyrite
systems involves numerous ionic species. Ferric ions trom
the dissociated iron salt react with FeS, to form ferrous
ions and a sulfur product ({elemental sulfur or sulfate jon),
as reported in the literature (Hamersma et al., 1973; Gar-
rels and Thompson, 1960; Sasmojo, 1969; Mathews and
Robins, 1972):

2Fe3* (aq) + FeSy(s) — 3Fe’* (aq) + 25(s) (I)
14Fe®* (aq) + FeSy(s) + 8HO(l) — 15Fe?* (aq)
+ 2HSO,™ (aq) + 14H* (aq) (II)

Furthermore, it has been suggested (Sasmojo, 1969) that
elemental sulfur can be oxidized by Fe** as follows

6Fe?* (aq) + S(s) -+ 4HO(1) — 6Fe?* (aq)
+ HSO,;~(aq) + 7TH* (aq) (III)

Whether reaction (I) or reaction (II) describes the stoi-
chiometry of pyrite oxidation depends, therefore, on
whether reaction (III) is relatively rapid or not. These
reactions are all limited by kinetics and not thermodynamic
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equilibrium (King, 1976). In addition, there are a number
of chemical equilibria which exist among the many ions in
solution (Sasmojo, 1969; Rabinowitch and Stockmayer,
1942) and shift with respect to one another as the pyrite
oxidation reaction proceeds.

A significant simplification results if the kinetics of pyrite
oxidation are studied in terms of total ferric and total fer-
rous concentrations (Fe™ and Fe™') only. Since the aque-
ous solution does not contain any ferrous iron initially, the
measurement of Fe'! as a function of time is a direct indi-
cation of the rate of reaction:

AFell = AFe?t = b AFeS, (1)

When ferric ion is consumed by reaction, the numerous
ferric complexes furnish new ferric ions virtually instan-
taneously. This bufferlike action provides the basis for the
assumption used in the subsequent models to the effect
that the reaction rate depends upon total ferric and fer-
rous concentrations.

EXPERIMENTAL PROCEDURES

An analytical procedure was developed for measuring the
rate of pyrite oxidation in aqueous ferric chloride by determin-
ing the ferric and ferrous iron content of liquid samples via an
emf measurement using platinum-calomel electrodes placed in
the sample, and a light absorbance measurement using an
atomic absorption spectrophotometer. The former measure-
ment determines the ratio of ferric to ferrous iron in the sam-
ple, and the latter determines the total iron in solution. The
emf data were found (King, 1976) to follow closely a Nernst-
like equation of the form

E=A-+BhR (2)

where R is the ratio of ferric to ferrous iron concentrations, and
this form was conveniently used to correlate the experimental
measurements. Since the overall effective stoichiometry for
pyrite oxidation lies between that of reactions (I) and (II), it
was determined experimentally by interpolating the measured
values between two calibration curves, each prepared to simu-
late the products from one of the two rcactions. The total iron
in solution was measured by atomic absorption spectroscopy
using a Techtron AA120 absorption spectrophotometer, The
relatively concentrated solutions used in this study (0.1 and
1.0M) had to be diluted for analysis.

The pyrite reactions were run in well-stirred, baffled cylin-
drical vessels made of Plexiglas or Pyrex, depending on reac-
tion temperature; the former was used for all runs at tempera-
tures of 80°C or less. Openings were provided for a teflon
coated stirrer, for a thermometer, and for loading the solid
particles. Reactor temperature was maintained to within +1°C
by control of an oil or water bath. Detailed schematics of the
reactors are presented elsewhere (King, 1976).

The iron disulfide supplied by C-E Minerals, a division of
Combustion Engineering, Inc., was in the marcasite form and
has a reported analysis on a weight basis of

Fe 43.9%
S 49.8
SiOg 3.5

Impurities 2.8

This corresponds to an industrial grade solid material approxi-
mately 94% pyrite.
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TaBLE 1. SuLFur CONTENTS oF VaRrious CoaL FRACTIONS

Particle size Wt % Wt %

fraction pyritic sulfate
14-18 mesh 1.1 0.1
18-30 1.1 0.2
30-50 1.1 0.1
50-100 1.2 0.2
100-200 14 0.3
200-325 14 0.3
—325 0.6 0.6

TaBLE 2, REACTION WEIGHTS AND EFFECTIVE STOICHIOMETRIC

COEFFICIENTS
Temper-
ature, °C X X a c c/a
40 0.8 0.2 4.5 55 1.2
50 0.6 0.4 6.6 7.6 1.2
60 0.4 0.6 8.8 9.8 1.1
70 0.4 0.6 9.0 10.0 1.1
80 0.5 0.5 7.7 8.7 1.1
100* 0.4 0.6 9.2 10.2 1.1

® Data from Hamersma et al, (1973).

The coal used in this study was supplied by the Philadelphia
Electric Company in two batches, containing coal before and
after pulverization, respectively. The coal is a typical eastern
coal from West Virginia. Further crushing and sieving pro-
duced the particle size fractions shown in Table 1. The cor-
responding pyritic and sulfate contents were established by a
series of acid leaching experiments, following the detailed pro-
cedure presented by Mott (1950). The sultate content of the
coal samples was considerably higher than that of freshly
mined coal, indicating that the coal had weathered somewhat;
the pyritic sulfur contents are typical of many eastern coals.

RESULTS AND DISCUSSION

Stoichiometric Coefficients

Because the oxidation of pyrite is governed by a com-
bination of reactions (I) and (III), it is necessary to de-
termine an overall effective stoichiometry by experiment.
This stoichiometry can in addition vary with temperature,
since reactions (1) and (III) may have different activation
energies.

The stoichiometry of the pyrite oxidation reaction can
be expressed in a most general form to include all compo-
nents that have been reported experimentally as

aFe** (aq) + FeS,(s) + b H,0(l) — c Fe?* (aq)
+ dS(s) + eHSO,~(aq) + fH* (aq) (IV)

The ratio of the coefficients for the ferrous and ferric
species are related to the experimental data by

c AFe2t AFell
a T AFell

a AFe3t

(3)

where A refers to the difference in the concentrations be-
tween the first and last sample. The first sample is chosen
rather than the initial condition because there may be an
iron oxide film removed from the solid particles during the
first few minutes of reaction.

A set of weights may be used to express the relative im-
portance of reactions (I) and (II) in governing the stoi-
chiometry; these weights are related by

2X1 + 14X1[ =a (4)
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SXI + 15XU = (5)
and
X1+XU: ].O (6)

wherc a and ¢ are the effective stoichiometric coefficients
described by reaction (IV). The reaction weights and ef-
fective stoichiometric coefficients a and ¢ may be calcu-
lated from the simultaneous solution of Equations (4) to
(6).

Table 2 presents a summary of these parameters found
over the range of temperatures investigated in this study
based on the 0.1M ferric chloride runs. Also included in
Table 2 are results at 100°C based on the data of
Hamersma et al. (1973). These results show that the con-
tributions of reactions (I) and (II) approach reaction
weights of approximately 0.4 and 0.6 as temperature in-
creases, The atomic absorption spectroscopy technique is
not sensitive enough to pick up small changes in the total
iron concentration at the 1.0M ferric chloride level.

Kinetic Model Parameter Estimation

For practical reactor design, it is convenient to fit
experimental data to an analytic form. To this end the
paramecter estimation techniques of Chandler et al. (1972)
were used to evaluate four reaction rate models;

1. A pseudo-homogenous model

r = k(Cp/Cpo)2/3C4" (7)
2. A Langmuir-Hinshelwood form

Ca
= k{Cp/Cpy)?3 ~——————— 8
’ (Co/Cr0) (Ca+ KCy¢) (8)
3. An empirical rate expression developed by Hamersma
(1973) for pyrite removal from a coal particle system

CaCs 2

[ e ] ;

g Ca 1 KCo (%)

4. An approximation of a theoretical modcl proposed by
Sasmojo (1969)

Ca
= k(Cp/Cp)?3 ———— 10
r = k(Cr/Cgo) (Ca 1 KCo)? (10)

These four equations are each two parameter models, hav-
ing therefore the same number of degrees of freedom for
curve fitting. Except for Equation (9), each model ac-
counts in the same way for surface area changes by as-
suming that the solid particles dissolve uniformly upon re-
action, giving

as = a4, (Cp/Cpy)2/3 (11)

Model Equation (10) gave the best fit of the experi-
mental data in a least-squares sense. The results are sum-
marized in Table 3 in the form of the best parameter esti-
mates at various temperatures and concentration levels.
Each entry in the table is accompanied by its standard
error. The function F(a) is a least-squares sum defined as

N

Fla)=3) [f——————(xi’“).—y"]z (12)

i=1 ai

The standard deviations of the measured ferric iron con-
centration were calculated from the results of duplicate
runs. For the 0.1M ferric chloride runs, four runs at 40°C
and two runs at 60°C were performed. Values of o; at
80°C are based on three runs which were not repeated
identically but varied only in the value of revolutions per
minute. Values of o; at 50° and 70°C were obtained by
interpolation. For the 1.0M ferric chloride runs, o; values
at 80°C were obtained from two repeated runs and from
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TaBLE 3. PARAMETER EsTiIMATES For MoDEL EQuaTion (10)

Temperature at 1.0M FeCls concentration level

60°C 70°C 80°C 90°C 100°C
k x 102 1.21 = 0.75 0.58 = 0.16 117 = 0.34 0.99 = 0.18 2.52 =+ 0.67
K 29.2+114 10222 114+24 6.7+ 0.9 11.7+20
F(a) 0.386 1.1 4.64 6.84 3.50
Temperature at 0.1M FeCls concentration level
40°C 50°C 60°C 70°C 80°C
k x 102 0.0184 + 0.0107 0.0399 = 0.0160 0.0386 == 0.0099 0.0963 =+ 0.0183 0.211 == 0.052
K 12.0 = 4.6 5.72 = 1.58 3.45 + 0.64 2,70 = 0.39 2.43 + 045
F(a) 0.309 0.408 0.149 0.484 0.487
two runs which varied only in value of revolutions per
KEY , . X . t
£460 RPM minute. This value of o; is used for all data interpretation
ge30 AEM at the 1.0M concentration level.
10 Effect of Agitation
o 1O M FeCIV In several runs, only the stirrer revolutions per minute
® Tt was varied to determine whether mass transfer resistance

06

0.4

02

i— 0.1 M FeCly
- R i 1 L 1 L
0 40 80 120 160 200 240

TIME (minutes)

FRACTIONAL FERRIC IRON CONCENTRATION

n

g. 1. Effect of agitation on reaction rate. Loading: 20 g/l, tem-
perature: 80°C, pyrite particles: —325 mesh.
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Fig. 2. Effect of temperature on reaction rate at 0.IM FeCl3 con-
centration level. Loading: 20 g/l, pyrite particles: —325 mesh,
stirrer speed: 680 rev/min.
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Fig. 3. Effect of temperatore on reaction rate at 1.0M FeCls con-
centration level. Loading: 20 g/l, pyrite particles: —325 mesh,
stirrer speed: 680 rev/min.
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due to a liquid boundary layer surrounding the solid par-
ticles was significant. The results in Figure 1 reveal that
there is no significant agitation effect. The data points lie
within the reproducibility range of the experimental pro-
cedure at either of the two concentration levels tested.
These findings are consistent with the calculated mass
transfer rates estimated from literature correlations follow-
ing the procedure of Furusawa and Smith (1973). The
calculated mass transfer rates are on the order of 1,000
times faster than the maximum chemical reaction rate.

Effect of Temperature and Ferric Concentration

The effect of temperature on pyrite oxidation is shown
in Figures 2 and 3 at two different concentration levels,
Arrhenius and van’t Hoff correlations are presented in Fig-
ures 4 and 5 for the parameters estimated for model Equa-
tion (10). The activation energies and adsorption enthalpies
were estimated (from a least-squares fit) over the range of
temperatures investigated and are shown in Table 4, to-
gether with the corresponding standard errors. Such large
standard errors are common in parameter estimation
studies of heterogeneous kinetic models. Application of the
slopes test (Volk, 1969) reveals that there is no statistically
significant difference between the activation energy and
adsorption enthalpy estimates at the two ferric chloride
concentration levels tested. The solid lines in Figures 2
and 3 show the fit to Equation (10) obtained using thc
Arrhenius and van’t Hoff correlations shown in Figures 4
and 53, respectively.

Effect of Particle Size

Several runs were performed where only the particle
size differed. Figure 6 shows response curves at 80°C for
pyrite particles with the indicated size distributions. A
significant increase in rate may be seen for particles smaller
than 325 mesh.

Varying the particle size distribution at the same solid
loading has the effect of varying the initial surface area ay,.
This parameter, which increases rapidly with decreasing
particle size, may be estimated from the total area of all
the particles divided by the weight of the sample (specific
surface). Since the specific surface of the particles in the
—325 mesh range was not measured, the average particle
diameter for this range was adjusted until the model fit
agreed with the experimental data for all the particle size
ranges investigated. For particle size distributions other
than —325 mesh, the median was used as an average par-
ticle diameter. If an average particle diameter of 10 is
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Fig. 4. Arrhenius and van’t Hoff correlations for the constants of
model Equation (18) ot 0.1M FeCls concentration level.

TABLE 4, ACTIvATION ENERGY AND ADSORPTION ENTHALPY
ESTIMATES

Concentration level

Parameter 0.1M FeCls 1.0M FeCl3
E (kcal/mole) 12.6 = 2.1 4.8 + 3.9
AH (kcal/mole) 88+15 5.8+ 386

used for the —325 mesh particles, Equation (18) accurately
predicts the oxidation rates for both the 200 to 325 mesh
and 140 to 200 mesh particles. This comparison is shown
in Figure 6.
Effect of Solid Loading

Figure 7 shows the effect of the pyrite loading at 80°C.,
Variation of the pyrite loading is taken into account in the
model by varying Cp, and a,, accordingly. The deviations
of the model prediction are small in comparison with the
experimental scatter. Figure 7 reveals that a loss of ap-
proximately 1 to 1.5 g/1 would bring the experimental data
into agreement with the model prediction. Such losses were
observed in these experiments when solid particles climbed
the stirrer rod and the walls of the reactor as the slurry was
stirred. As the solid loading is decreased, this loss becomes
relatively more important. It may be noted in this con-
nection that ferric iron is the limiting reactant, since the
pyrite loading corresponds to a stoichiometric excess in all
the experiments of this series.

Aqueous Ferric Chloride-Coal Reaction

The oxidation of pyrite contained in a coal particle sys-
tem was also measured in 1.0M ferric chloride solutions at
temperatures in the 80° to 100°C range. Figure 8 shows
results of three repeated runs as well as a fourth run on
coal which was pretreated with 0.IN hydrochloric acid to
remove iron sulfate. This fourth result was not significantly
different from the other three, evidently, because a rela-
tively small quantity of iron sulfate enters the solution
compared with both the dissolution of pyrite and the re-
duction of ferric iron via interaction with the coal matrix.
As further support, Figure 9 shows that 87 to 89% of the
total iron sulfate present is removed in 2 hr for each of
two samples. (A is 40 g of 100 to 200 mesh particles; B is
100 g of —325 mesh.) Titration of the filtrates from the
hydrochloric acid leaching experiments showed the iron to
be in the ferrous form. The high sulfate content in the coal
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is probably a result of weathering, the conversion of which
was originally pyritic sulfur to iron sulfate by exposure to
moisture and air,

Figure 10 presents data for three particle size distribu-
tions in the 80° to 100°C temperature range. The results
for the 14 to 18 mesh coal and the 100 to 200 mesh coal
show no significant temperature effect considering repro-
ducibility limits; however, the effect of temperature is clear
for the —325 mesh coal. The anomaly at 30 min is due to
the difficulty in wetting the very fine powder —325 mesh
particles. Neither the other particle size coals nor the pyrite
particles demonstrated this behavior. This difference in the
pyrite particle and coal particle systems is at least in part
attributable to the difference in the specific gravity of the
two solids (5.0 and 1.25 g/cm?),

Since temperature change has an insignificant effect on
the oxidation of pyrite in coal down to the 200 mesh level,
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the rate is probably intraparticle diffusion limited. For the
—325 mesh coal, temperature does appear to have a sig-
nificant effect, indicating at least partial influence of chemi-
cal kinetics. It should be noted, however, that a significant
fraction of the reacted ferric iron is reduced by coal con-
stituents other than the pyrite.

Acid Leaching of Coal

In order to distinguish between the two forms of inor-
ganic sulfur, the pyritic and sulfate contents of all the
coal samples were measured before and after treatment.
The results for total inorganic sulfur removal, that is, for
both the sulfate and the pyritic forms, are presented in
Table 5. Since over 85% of the sulfate is removed by a 2
hr treatment with 0.1N hydrochloric acid, the Table 5 re-
sults include complete sulfate removal as well as removal
of a portion of the pyritic sulfur. The data show that the
effect of particle size overshadows any effect of tempera-
ture, since even for the —325 mesh particles there is no
significant difference in the inorganic sulfur removed with
increasing temperature. Duplicate runs fell within a range
of =4%, but some of the results for the largest particles
show somewhat larger scatter. Table 6 shows the corre-
sponding pyritic sulfur removed, repeated runs yielding
values which lie within a 209 range.

The combination of data from Tables 5 and 8 enables
one to calculate selectivities for the ferric chloride-pyrite
reaction in coal. Hamersma et al. (1973) defined selectiv-
ity for such a system as the ratio of ferrous iron in the final
batch liquid to the ferrous iron expected from the quantity
of pyrite oxidized. By this index a selectivity of unity indi-
cates that the ferrous iron is a result of only pyrite oxida-
tion, whereas selectivities greater than unity indicate fer-
ric reduction by interaction with the coal matrix. The
selectivities shown in Table 7 are based on a reported
SO,=/S ratio of 1.3 for coal from the Pittsburgh seam
(Hamersma et al., 1973). There is on the average just as
much reduction of ferric iron by interaction with the coal

TasLE 5, INorRGANIC SULFUR REMOVED FroM CoaL
Wrte 1.0M FeCl;

Temperature, °C

80 80 100
14-18 mesh 42% 39% 23%
100-200 mesh 38 34 42
— 325 mesh 73 73 69
Reaction time, hr 4 4 3

TasLE 6. Pyritic SULFUR REMOVED FroMm CoaL
WrtH 1.0M FeClg

Temperature, °C

80 90 100
14-18 mesh 36% 36 % 14%
100-2C0 mesh 26 14 24
—325 mesh 40 40 31
Reaction time, hr 4 4 3

TasLE 7. SELECTIVITY OF FERRIC CHLORIDE-PYRITE
ReactioN IN CoaL

Temperature, °C

80 90 100
14-18 mesh 1.0 1.1 2.0
100-200 mesh 2.0 1.9 2.4
—325 mesh 1.5 2.0 2.3
Reaction time, hr 4 4 3
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matrix as by oxidation of pyrite. It should be noted fur-
ther that stirring a coal slurry for several hours causes ap-
preciable attrition of particles, especially of larger par-
ticles, and that this process contributes to the pyrite re-
moval process. When a treated coal in the 14 to 18 mesh
size range was examined after a reaction time of 4 hr, ap-
proximately 74¢; of the particles remained in the 14 to 18
mesh size range, but 217 dropped to the next smaller size
range of 18 to 30 mesh. Somc of the very fine particles ag-
glomerated into +14 mesh particles during the filtration
and drying processes.
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NOTATION

a, b, c, d, e, f = stoichiometric coefficients

as = pyrite reaction surface area, cm?

a5, = initial pyrite reaction surface area, cm?

A, B = calibration constants

Ca = concentration of liquid reactant A (ferric iron)
in batch liquid, moles/1

Cs = concentration of solid reactant B (pyrite), moles/!

Cpo = value of Cp initially, moles/]

Cc = concentration of liquid product C (ferrous iron)
in batch liquid, moles/1

E = electrode potential, mv

F (%) = weighted sum of squares defined by Equation (12)

k = reaction ve]ocity constant

K = adsorption equilibrium parameter

n = reaction order for a given component

R = ratio of ferric iron concentration to ferrous iron
concentration, Feill/Fell

r = reaction rate of liquid reactant A (ferric iron)

t = time, min

T = temperature, °C

X1, Xi1 = reaction weights defined by Equations (4) to
(6)

o; = standard deviation, moles/1
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An Improved Corresponding States Method

for
Virial Coefficients

Polar Fluids: Correlation of Second

RAMANATHAN R. TARAKAD

An improved four-parameter corresponding states method that includes
polar fluids has been developed. The four parameters are the critical tem- and

perature, the critical pressure, the radius of gyration, and a newly devel-

RONALD P. DANNER

oped polarity factor based on the second virial coefficient. These param-

eters have been used to empirically correlate pure and interaction second

virial coefficients of a variety of fluids.
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SCOPE

Reliable physical and thermodynamic data on chemi-
cal compounds and their mixtures are needed for effi-
cient design and operation of chemical processing plants.

Cormrespondence concerning this paper should be addressed to R. P.
Danner. R, R. Tarakad is with Pullman Kellogg, 1300 Three Greenway
Plaza East, Houston, Texas, 77046.
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Because experimental determination of all required data
is a formidable proposition, it is usual practice to predict
these data by the use of suitable correlations. Of the many
correlational approaches that have been proposed, the cor-
responding states principle (CSP) has proved to be the
most powerful framework.
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