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Objectives. This study aims to draw PT-phase envelopes and calculate the critical points for
multicomponent systems using flash calculations.

Methods. Flash calculations with an equation of state and a mixing rule were used to construct
phase envelopes for multicomponent systems. In general, the methodology uses the Soave—Redlich—
Kwong equation of state and Van der Waals mixing rules; and the Peng—Robinson equation of
state with Wong—Sandler mixing rules and the non-random two-liquid activity coefficient model.
Results. The method was applied to the following mixtures: ethane (1)-butane (2) (four different
compositions); ethane (1)-propane (2) (four different compositions); butane (1)-carbon dioxide (2)
(three different compositions); C2C3C4C5C6 (one composition); isobutane—methanol-methyl tert-
butyl ether—1-butene (one composition); and propylene-water—isopropyl alcohol-diisopropyl ether
(one composition,).

Conclusions. Our results agreed to a large extent with the experimental data available in the
literature. For mixtures that contained CO,, the best results were obtained using the Peng-
Robinson equation of state and the Wong—Sandler mixing rules. Our methodology, based on
flash calculations, equations of state, and mixing rules, may be viewed as a shortcut procedure
for drawing phase envelopes and estimating critical points of multicomponent systems.
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Ienu. Ilocmpoexue PT-gpaszossblx duazpamm u pacuem Kpumuueckux mouex Oask MHO20KOMNO-
HEeHMHbBLX cuCmeMm ¢ UCNONb308AHUEM (PAIUL-BLIUUCTEHULL.

MemoowuL. /[in nocmpoeHus pa3o8blx OUAPAMM MHOZ0KOMNOHEHMHBLX CUCMEM UCNOIb308ATIU
DAIUL-BbIUUCTIEHUSL HA OCHO8E YPAaBHEHUsl COCMOsTHUSL U npasuia cmeuwleHus. B obwem cryuae
Mmemooono2usl ucnosiedyem ypasHeHue cocmosrus Coase—Pednuxa—KeoHea U npasuio cmeule-
Hust Ban dep Baanweca; ypasHeHue cocmosiius [lenea—PobuHcoHa u npasunio cmeuwieHust BoHza—
CaHonepa, a mariKe HecayuallHast 08YIKUOKOCMHASL MOOeb AKMUBHbLX KO3(hPUYUEHMO8.
Pesynomamut. Memoo 6bLn npumeHeH K cledyrouum emecsam: smar (1)-6ymar (2) (uemeipe pas-
Hblx cocmasa); smar (1)-nponar (2) (uemsipe pasHslx cocmasa); bymar (1)-0uorcuo yanepooa (2)
(mpu pasHelx cocmasa); C2C3C4C5C6 (o0ur cocmas); usobymar-memaHos—-memusr-mpem-6y-
munoeslii 9¢pup—-1-6ymen (00uH cocmas); U NPoONUNEH—-800A—U30NPONUNOBLLI CNUPM—OUU30NPO-
nunosslil apup (IHUI13) (o0ur cocmas).

Buteoodst. Co2/1aCcHO HAUWUM Pesylbmamam, Memood Pasu-8blUUCAeHUl, 6A3UPYIOUWUTICS HA
YpPAasHeHUU COCMOSHUS U NPABUNAX CMEUEHUSl, UCNONb3YeMmblil 0151 nocmpoeHust ¢pasosulx oua-
2pamm, HA OCHO8E KOMOPbLX NPOBOOUMCSL OUEHKA KPUMUUECKUX moueK 0Jist MHO20KOMNOHEeHM-
HblLX cmecell, XOPOULO CONLACYEemcesl C IKCNEePUMEHMANbHBIMU OAHHBIMU, UMEIOUUMUCS. 8 Aume-
pamype. [na cmecell, codeprkawux CO,, nyuwue pesyiomamol NOAYUEHbL C UCNOSIb308AHUEM

ypasHeHust cocmosiHust [lenea—PoburcoHa u npasuna cmewerust Bornea—CaHonepa.

Knroueevle cnoea: piaul-8bluUCaIeHUS, KpUMuieckue mouKu, ¢paszoevle Ouazpammot.

Jlna yumuposanusn: Toro L.A. Drawing PT-phase envelopes and calculating critical points for multicomponent systems using flash
calculations. Tonk. Khim. Tekhnol. = Fine Chem. Technol. 2020;15(1):46-54. https://doi.org/10.32362/2410-6593-2020-15-1-46-54

INTRODUCTION

The knowledge of phase envelopes and critical
points is valuable for the calculation of phase equilibria
and solving various problems in chemical engineering.
Also, from a modeling point of view, knowledge of
critical data is of paramount importance, as it provides
information about real fluids, as well as characterizes
phase change boundaries in mixtures with the help of
phase diagrams. Through the combination of excess
properties, phase equilibrium data, and critical data, it is
possible to encompass the major thermodynamic aspects
of multicomponent mixtures. In this paper, we present
a methodology of constructing phase envelopes of
multicomponent mixtures, from which the critical points
follow. In the available literature, there is a variety of
methods (both theoretical and experimental) to construct
and estimate critical points.

A methodology has been proposed [1] to calculate
critical points of multicomponent mixtures using a
modification of the Gibbs plane tangent. A group
of researchers [2] solved the Heidemann and Khalil
formulation [3] using a Newton method with defined
intervals to calculate critical points of binary and ternary
mixtures.

Calculations of the critical points of multicomponent
mixtures have been reported [4-6], where the
optimization problem was solved in such a way that the
function to minimize is the Gibbs plane tangent criterion.
Other researchers [7] have also solved the Heidemann
and Khalil formulation with a simulated annealing
algorithm [8, 9] and determined the critical properties
of some multicomponent mixtures. Besides, predictive
equations of state have been used [10] to construct
natural gas phase envelopes and to calculate its critical
points.
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A general algorithm has been suggested [11] for the
calculation of dew and bubble points for multicomponent
mixtures, representing a continuation method that can
be used to draw phase envelopes and estimate critical
points. The Soave—Redlich-Kwong equation of state
(SRK EoS) and its derivatives have been used [12] to
construct the phase envelope of binary mixtures, with
dew and bubble point calculations.

Another study [13] reports the use of the
perturbed-chain statistical associating fluid theory
(PC-SAFT) equation of state to calculate critical points
of multicomponent mixtures containing hydrocarbons and
non-hydrocarbon components. Furthermore, the simplified
critical-point criteria [14] have been presented for some
multicomponent systems, based on a thermodynamic
model where the Helmholtz energy depends on the
composition average model parameters. There is also a
report [15] on a method for calculation of critical points
for refrigerant mixtures, using mixture models based on
Helmbholtz energy equations of state. The Peng—Robinson
(PR), SAFT, and PC-SAFT equations of state have been
used [16] for calculating critical points of hydrocarbon
mixtures. The development of a new flow apparatus
is reported [17] for the experimental determination of
critical points of pure components and binary mixtures.
Moreover, a dynamic-synthetic apparatus [18] can be
used to determine the critical properties of pure and
multicomponent mixtures.

From a theoretical point of view, the aforementioned
methods for drawing phase envelopes and calculating
critical points of multicomponent mixtures require
sophisticated mathematical procedures and complex
algorithms. It is possible to do the same task for some
mixtures, using the flash evaporation that is a well-known
operation of separation in chemical engineering [19, 20].
The simple mathematical model of this operation
permits several calculations, such as bubble and dew
points, molar fractions in the phases (vapor and liquid)
for constructing vapor—liquid equilibrium diagrams
for mixtures, evaporated fraction, isotherms and vapor
pressures versus temperature for pure substances.

In this report, we used flash calculations with an
equation of state and a mixing rule to construct phase
envelopes for multicomponent systems, from which the
critical points of mixtures are estimated. This methodology
was applied to some binary and multicomponent
mixtures reported in the literature, and our results are in
good agreement with the reported data. In general, the
methodology uses the SRK EoS and Van der Waals (VdW)
mixing rules; but for mixtures that contain CO,, the best
results were obtained with the PR EoS and Wong—Sandler
mixing rules (WS MR). The presented methodology might
be seen as a shortcut procedure when an easy method for
drawing phase envelopes and estimating critical points of
a multicomponent system is needed.

MATERIALS AND METHODS

Suppose that a stream F is fed to a flash evaporator
with a global composition z=[z , z,,..., z ] (molar fraction)
of n components. The pressure P and temperature 7 are
constant in the evaporator. Depending on the nature of the
components and the feed composition, there is a vapor
phase and one or two liquid phases. The first situation
is shown in Fig. 1. The outlet streams, }J and L, are in
equilibrium at P and T.

\%
y

F

Z P,T
L
X

Fig. 1. Flash evaporator scheme.

Applying the material balance for the i-component,
it follows that

Fz. =Lx,+Vy,i=12,..,n. (1)
Since the outlet streams are in equilibrium, then
y,=Kx,i=12,...,n. 2)

1

A total material balance gives

F=L+V . 3)
Let a be

=Y. (4)
F

From equations (3) and (4) we obtain

z,=(1-a)x,+aKx,i=L2,...,n. %)

Plugging (5) into (1) gives
z,=(l-a)x,+ay,i=12,...,n. (6)
Using (2), an equivalent equation is

z,=(1-a)x,+aKx,i=12,..,n. (7

(A

Tonkie Khimicheskie Tekhnologii = Fine Chemical Technologies. 2020;15(1):46-54

48



Luis A. Toro

The molar fraction condition gives the following
equations in both phases:

Dix, =1, y=1. ®)
i=1

i=1

From (8)

3 x -3y =0. ©)
i=1 i=1

To draw the phase envelope for a multicomponent
mixture, the following procedure is implemented. From
equation (4), if a = 0, there is no vapor phase as V' =0
and only the liquid phase exists. Thus, bubble point
calculation is made and a bubble point curve is obtained.
If & = 1, there is no liquid phase as L = 0 and only the
vapor phase exists. Then, a dew point calculation is made
and a dew point curve is obtained. By drawing the two
curves in the same coordinates (PT-system), we observe
their intersection in the critical point of the mixture and
the PT-phase envelope is obtained.

Next, the construction of a bubble point curve is
explained. In this case, o = 0 and the only known data
is z = [z, z,,..., z,] that is held constant. It is necessary
to calculate the equilibrium compositions from equation (2),
that depends on K, and this is unknown, but it is also
possible to use an EoS such as SRK or PR (with the
appropriate mixing rules), that involves the equilibrium
compositions that is the ¢ — ¢ method [21]:

Ki = ¢liq /¢Vap . (10)

When the WS MR are used in PR EoS [22], the
excess Helmholtz free energy, at infinite pressure,
is equal to the excess Gibbs free energy, and the non-
random two-liquid (NRTL) activity coefficient model is
adopted for the calculation of required parameters for
WS MR [23].

Combining equations (6), (7), (9), (10) (from EoS),
a set of nonlinear equations containing temperature,
pressure, equilibrium compositions, and constants
as unknowns is obtained and needs to be solved. For
the solution of the final nonlinear equation system, a
Matlab code that incorporates its built-in function
fsolve was written, and it was used for drawing the dew
point curve for which o = 1. For obtaining the points in
both curves, is varied and is calculated along with the
equilibrium compositions and corresponding constants.
The initial equilibrium compositions and temperature
must be guesstimated for testing convergence. This is
necessary to avoid unreal results.

RESULTS AND DISCUSSION

In this section, the results obtained by applying the
exposed methodology to several mixtures are shown.
The relative error ¢ is calculated as follows:

Exp. value — Calc. Value| "

€ =| | 100. (11)

Exp. value

Ethane (1)—n-butane (2) system

This system was studied in four different
compositions. For drawing the phase envelopes for this
system, SRK EoS with VdW mixing rule and a binary
interaction parameter k,;=0.0 were used. Figure 2 shows
the graphical results for this system.

Table 1 summarizes the results for critical points of the
studied system and from this, we conclude that the calculated
data are in good agreement with the experimental data.

Ethane (1)-propane (2) system

This system was studied in four different
compositions. For drawing the phase envelopes for this
system, SRK EoS with VdW mixing rule and a binary
interaction parameter k. = 0.0 were used. Figure 3 shows
the graphical results for this system.

Table 2 summarizes the results for critical points of the
studied system, and from this we conclude that the calculated
data are in good agreement with the experimental ones.

Multicomponent systems

Three multicomponent systems were studied. For
drawing the phase envelopes of such systems, SRK
EoS with VAW mixing rule and a binary interaction
parameter k, = 0.0 were employed. Figure 4 shows the
graphical results of the studied systems. The results
reported in [11] are in a graphical form, too. The
critical points of the mixtures were read from such
graphics. The comparison between both results is
shown in Table 3. Despite 10.63% in critical pressure,
the results obtained by the presented methodology are
in good agreement with the literature.

n-Butane (1)—carbon dioxide (2) system

This system was studied in three different
compositions. The binary interaction parameter used
in all mixing rules for PR and SRK was 0.133. The
following mixing rules (MR) were used: a) VAW, b) WS;
¢) VdW; d) WS; e) VdW; and f) WS. Figure 5 shows the
graphical results for this system. As follows from Fig. 5, the
best results were obtained with PR EoS and the NRTL
activity model.

Table 4 shows the results for critical points of
the studied system, and from this, we conclude that
the calculated data are in good agreement with the
experimental data, when using PR EoS and the NRTL
activity model.
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Fig. 2. Ethane (1)-n-butane (2) mixtures. Phase envelope using SRK EoS and VdW MR.
a) z =[0.5605 0.4395]; b) z =[0.4402 0.5598]; ¢) z=[0.1496 0.8504]; d) z =[0.2990 0.7010].
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Fig. 3. Ethane (1)—propane (2) mixtures. Phase envelope using SRK EoS and VdW MR.
a) z=1[0.1202 0.8798]; b) z=[0.3598 0.6402]; ¢) z=[0.8205 0.1795]; d) z=[0.8997 0.1003].
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Table 1. Ethane (1)-n-butane (2) mixtures; comparison with experimental results [5]

% T (K) (calc.) P (kPa) (calc.) T (K) (exp.) P (kPa) (exp.) g T, e P
0.5605 379.5 5597 377.54 5598 0.52 0.02
0.4402 392.2 5266 390.67 5266 0.39 0.00
0.1496 415.8 4285 415.72 4285 0.02 0.00
0.2990 404.8 4810 403.82 4810 0.24 0.00

Table 2. Ethane (1)—propane (2) mixtures; comparison with experimental results [5]

z, T (K) (calc.) P (kPa) (calc.) T (K) (exp.) P (kPa) (exp.) e T, g P,
0.1202 364.6 4447 363.96 4447 0.180 0.000
0.3598 3524 4798 35245 4798 0.014 0.000
0.8205 3214 5065 321.38 5065 0.060 0.000
0.8997 314.7 5017 314.10 5017 0.190 0.000

[

i L i i i i H L L J
N0 M0 B0 380 400 430 M0 6 450 500

T[K]

§=

Fig. 4. Multicomponent mixtures. Phase envelopes using SRK EoS and VdW MR.
a) C2C3C4C5C6 mixture, z =[0.39842 0.29313 0.20006 0.07143 0.03696];
b) isobutane—methanol-MTBE—1-butene mixture, z=[0.25 0.25 0.25 0.25];
¢) propylene—water—isopropyl alcohol (IPA)—diisopropyl ether (DIPE) mixture,
z=1[0.250.25 0.25 0.25].
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Table 3. Multicomponent mixtures; comparison with reported data [11]

System T (K) (calc.) P (bar) (calc.) (fromTé(rI;z)hics) (frorll,lcfgl;l;;)hics) e T, e P
a) 390.71 57 390 56 0.18 1.79
b) 462.52 46.45 459 46 0.77 0.98
c) 483.07 57.2 64 493 2.01 10.63
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Fig. 5. n-Butane (1)—carbon dioxide (2) mixtures. Phase envelope using PR EoS.
a) VAW MR, z=[0.1694 0.8306]; b) WS MR, z =[0.1694 0.8306];
¢) VAW MR, z =10.3334 0.6666]; d) WS MR, z =[0.3334 0.6666];
e) VAW MR, z =[0.4984 0.5016]; f) WS MR, z =[0.4984 0.5016].
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Table 4. n-Butane (1)—carbon dioxide (2) mixtures; comparison with experimental results [5]

z, T (K) (calc.) P (kPa) (calc.) T (K) (exp.) P (kPa)(exp.) g T, g P,
0.1694 327.94 7815.99 325.9 7908 0.6300 1.1600
0.3334 351.67 8169.68 351.7 8170 0.0085 0.0039
0.4984 377.27 7535.68 377.2 7536 0.0190 0.0042

Table 4 shows the results for critical points of
the studied system, and from this, we conclude that
the calculated data are in good agreement with the
experimental data, when using PR EoS and the NRTL
activity model.

CONCLUSIONS

This work presents a methodology (based on
flash evaporation) for drawing phase envelopes, from
which critical points of multicomponent mixtures can
be estimated. The SRK EoS with VdW MR, SRK EoS
with WS MR, and NRTL activity coefficient model
were used. For the studied mixtures whose experimental
critical data are available in the literature, our results
were in good agreement with the experimental data.
The methodology was capable of reproducing phase

REFERENCES

1. Michelsen M.L. Calculation of Phase Envelopes and
Critical Points for Multicomponent Mixtures. Fluid Phase
Equilibria. 1980;4(1-2):1-10.
https://doi.org/10.1016/0378-3812(80)80001-X

2. Stradi A.B., Brennecke F.J., Khon P.J., Stadtherr A.M.
Reliable Computation of Mixture Critical Points. A.LCh.E.
Journal. 2001;47(1):212-221.
https://doi.org/10.1002/aic.690470121

3. Heidemann R.A., Khalil A.M. The Calculation of
Critical Points. 4.1.Ch.E. Journal. 1980;26(5):769-779.
https://doi.org/10.1002/aic.690260510

4. Henderson N. Freitas L. Platt M.G. Prediction of
Critical Points: a new methodology using global optimization.
A.LCh.E. Journal. 2004;50(6):1300-1314.
https://doi.org/10.1002/aic.10119

5. Freitas L., Platt G., Hénderson N. Novel approach
for the calculation of critical points in binary mixtures using
global optimization. Fluid Phase Equilibria. 2004;225:29-37.
https://doi.org/10.1016/j.fluid.2004.06.063

6. Justo-Garcia D.N., Garcia-Sanchez F. Calculo
de Puntos Criticos de sistemas multicomponentes
utilizando optimizacion golbal. XX Congreso Nacional de
Termodinamica. Apizaco, Tlaxcala, 5-9 de Septiembre de
2005. P. 342-366 (in Spanish).

7. Sanchez-Mares F., Bonilla-Petriciolet A. Calculo de
Puntos Criticos empleando una estrategia de optimizacion global
estocastica. Afinidad. 2005;63(525):396-403 (in Spanish).

8. Goffe WL, Ferrier G.D., Rogers J. Global
Optimization of statistical functions with simulated annealing.
J. Econometrics. 1994;60(1-2):65-99.
https://doi.org/10.1016/0304-4076(94)90038-8

envelopes for multicomponent mixtures reported in [11],
where a method which included the solution of a set
ofordinary differential equations was used for drawing
the phase envelopes. For the n-butane (1)—carbon dioxide
(2) mixtures, both SRK and PR EoS were used, and the
best results were obtained with PR EoS (WS MR and
NRTL activity coefficient model). It is important to note
that when the presented methodology was applied to the
systems ethane (1)-n-butane (2), ethane (1)-propane
(2), and n-butane (1)-carbon dioxide (2), the results
were basically the same as when global optimization for
obtaining critical points was applied to these systems,
as reported in [5]. The presented methodology may be
viewed as a shortcut procedure when an easy method
for drawing the phase envelopes and estimating critical
points of a multicomponent system is needed.

9. Corana A., Marchesi M., Martini C., Ridella S.
Minimizing multimodal functions of continuous variables with
simulated annealing algorithm. ACM Trans. Math. Software.
1987;13(3):262-280.
http://dx.doi.org/10.1145/29380.29864

10. Tabrizi F.F., Nasrifar Kh. Application of predictive
equations of state in calculating natural gas phase envelopes
and critical points. Journal of Natural Gas Science and
Engineering. 2010;2(1):21-28.
https://doi.org/10.1016/j.jngse.2009.12.005

11. Cardona C.A., Sanchez C.A., Gutiérrez L.F.
Destilacion Reactiva: Andalisis y Diserio Basico. Manizales,
Colombia: Universidad Nacional de Colombia; 2007 (in
Spanish).

12. Reid R.C., Prausnitz J.M., Poling B.E. The Properties
of Gases and Liquids. 4th Edition. New York: McGraw-Hill;
1987. 741 p.

13. Justo-Garcia D.N., Garcia-Sanchez F., Diaz-
Ramirez N.L., Romero-Martinez A. Calculation of
critical points for multicomponent mixtures containing
hydrocarbon and nonhydrocarbon components with the
PC-SAFT equation of state. Phase Fluid Equilibria.
2008;265:192-194.
https://doi.org/10.1016/j.fluid.2007.12.006

14. Jun Cai, Ying Hu, Prausnitz J.M. Simplified critical-
point criteria for some multicomponent systems. Chemical
Engineering Science. 2010;65(8):2443-2453.
https://doi.org/10.1016/j.ces.2009.11.024

15. Akasaka R. Calculation of the critical point
for mixtures using mixture models based on Helmholtz
energy equations of state. Fluid Phase Equilibria.
2008;263(1):102-108.
https://doi.org/10.1016/j.fluid.2007.10.007

Toukue xumudeckue TexHoaoruu = Fine Chemical Technologies. 2020;15(1):46-54

53


https://doi.org/10.1016/0378-3812(80)80001-X
https://doi.org/10.1016/0304-4076(94)90038-8

Drawing PT-phase envelopes and calculating critical points...

16. Alfradique M.F., Castier M. Critical points of
hydrocarbon mixtures with the Peng-Robinson, SAFT,
and PC-SAFT equations of state. Fluid Phase Equilibria.
2007;257(1):78-101.
https://doi.org/10.1016/].fluid.2007.05.012

17. Horstman S., Fisher K., Gahmeling J. Experimental
determination of critical points of pure components and binary
mixtures using a flow apparatus. Chemical Engineering &
Technology. 1999;22(10):839-842.
https://doi.org/10.1002/(SICI)1521-
4125(199910)22:10%3C839::A1D -
CEAT839%3E3.0.CO;2-L

18. Chien-Bin Soo, Thévenau P, Coqulet C., Ramjugernath D.,
Richon D. Determination of critical points of pure and multi-
component mixtures using a “dynamic-synthetic” apparatus. J.
of Supercritical Fluids. 2010;55(2):545-553.
https://doi.org/10.1016/j.supflu.2010.10.022

About the author:

19. Holland Ch.D. Fundamentos de destilacion de
mezclas multicomponentes. Limusa, Noriega Editores; 1992.
200 p. (in Spanish).

20. Seader J.D, Henley E.J. Separation Process Principles.
2nd Edition. John Wiley and Sons, Inc. 2006. 800 p.

21. Smith J.M., Van Ness H.C., Abbott M.M. Introduccion
a la Termodinamica en Ingenieria Quimica. McGraw-Hill;
2007. 836 p. (in Spanish).

22. Peng D., Robinson D.D. A New Two-Constant
Equation of State. Ind. Eng. Chem. Fund. 1976;15(1):59-64.
https://doi.org/10.1021/i160057a011

23. Tester J.W., Modell M. Thermodynamics and Its
Applications, 3rd Edition. Prentice Hall. 1996. 960 p.

Luis A. Toro, Associate Professor, Ph.D. (Eng.), Doctor of Philosophy, Mathematics, Department of Mathematics
and Statistics, National University of Colombia (headquarters Manizales, Manizales-Caldas, Colombia); Autonomous
University of Manizales, Manizales-Caldas, Colombia (Autonoma University of Manizales). E-mail: latoroc@unal.edu.co.

https://orcid.org/0000-0002-6706-8179
06 aemope:

Topo Ayuc Anvbepmo, jokrop dpunocoduu, nonent, Hannonansueiii yausepcuter Konym6uu (mrad-ksapTupa
Mamnnsanec, Manmsanec-Kansnac, Komym6mst); ABToHOMHEI yHUBepcuTeT Manusaneca (Koxymoms). E-mail: latoroc@unal.edu.co.

https://orcid.org/0000-0002-6706-8179

Submitted: December 18, 2019, Reviewed: January 16, 2020, Accepted: February 10, 2020.

The text was submitted by the author in English.

Edited for English language and spelling by Enago, an editing brand of Crimson Interactive Inc.

Tonkie Khimicheskie Tekhnologii = Fine Chemical Technologies. 2020;15(1):46-54

54


mailto:latoroc@unal.edu.co
https://orcid.org/0000-0002-6706-8179
mailto:latoroc@unal.edu.co
https://orcid.org/0000-0002-6706-8179
https://doi.org/10.1002/(SICI)1521-4125(199910)22:10%3C839::AID-CEAT839%3E3.0.CO;2-L 
https://doi.org/10.1002/(SICI)1521-4125(199910)22:10%3C839::AID-CEAT839%3E3.0.CO;2-L 
https://doi.org/10.1002/(SICI)1521-4125(199910)22:10%3C839::AID-CEAT839%3E3.0.CO;2-L 

