CHAPTER V

DISCUSSIONS

5.1 The Binary Interaction Parameters of Selected Equations of State from
Two Objective Functions
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Table 5.1 shoW - ag‘ .Kl‘]?%zcity and bubble point
pressure method of all fhis stu - The. eKjj of any system at

a given range of temper, ’ usmE\%ery points of vapor-liquid
equilibrium data sets. j uc of the parameter 7 of the
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From this table 7 om the bubble point pressure
criterion are less than nt A e fugacity criterion in all

cases. However, the co pwm;g time med by the bubble point
pressure criterion is more than ,EE corm time consumed by the fugacity
criterion.  This conihanson is presented__Mﬁ 5.2 which systems
containing CO» ; ]
The computing time Bequir ent iny  fugacity method is about
seven times  less than that used by the bubble pomt pressure method. The
reason is tha:crﬁe t)m ﬁ aj objective function
calculations % am ﬁ ﬁeg two methods, the
accuracy must be sacrificed for¢ the computing time andseffort. For the
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are shown in Appendix

Another trend can be shown in Figures 5.1 and 5.2. Figure 5.1 shows
the graphical depiction of the average Kjj values and carbon atom number of
n-paraffin for systems containing methane and systems containing CO» using
the SRK equation of state while Figure 5.2 shows the graphical depiction using
the PR equation of state.



Table 5.1 The average binary interaction parameters and percent AAD for selected system

of five equations of state using fugacity and bubble point pressure criteria

SYSTEM Range of T N PT EOS MSRK EOS MPR EOS
(K) FUGA  BBP | FUGA  BBP | FUGA __ BBP
Methane — Ethane 130.370-280.000 [100| Kij 0.0000 —0.0056| -0.0014 -0.0014| 00056  0.0014
AAD(%) 26435  1.8602| 17584  2.1919| 1.6088 19334
Methane — Propane 144.260-213.710 | 62| Kij 0.0083 0.0073 0.0135 0.0104 0.0208 0.0208
AAD(%) 21122 2.0286| 27411  24495| 14973 14973
Methane — n—Butane 166.493-283.160 | 76| Kij 00104  0.0063| 00104  00083| 00250  0.0229
AAD(%) 37546 32543 50777  49090| 31160  2.8964
Methane — Isobutane 310938-344.271 | 31| Kijj 00250  0.0194| -00236 —-0.0264| 00389 00385
AAD(%) 17976 14967| 11174  1.1004| 18719 18708
Methane — n—Pentane 176.221-377.604 | 56| Kij 100056  0.0083| 00028 00111 00222  0.0292
AAD(%) 65261  63890| 87050  8.1923| 69431 59402
Methane — Isopentane 344.271-377.604 | 15| Kij 00083  00083| -00722 -00653| 00250  0.0319
AAD(%) 22560 22560 | 23453  2.0441| 18933 13642
Methane — Neopentane 344.271-377.604 | 14| Kijj 00417 00222 -0.0292 -0.0458 00375 00319
AAD(%) 3.0297 25088 23922  1.9049| 19094 19855
Methane — n—Hexane 190.510-273.170 | 64| Kij 00306 00299 00389  00389| 00514  0.0514
AAD( 4’:2.8070 2.8260| 37865  3.7865| 29213 29213
L ki

Ethane — Propane 195.000-270.000 |123| Kij 0.0 ¢ 0042 —0.0010|  0.0052 0.0000 0.0063 0.0021
13,0091 7126 20625 26198 1.9511| 21908  1.6846
Ethane — n—Butane 338.716—366.493 | 00417 0. . 0.0306) | 00368 00202 00278 00243 0.0382  0.0306
17269  14564| 48204 13646 16275  13836| 12412  12236| 15940  1.2610
Ethane - Isobutane 311.271-344.493 ¢ 0115 - .=0. ?; ‘ -0.0146| 00042 -00156| 0.0135 -0.0083
. sw 3717/ 8| 73 11504| 33020  10343| 35701  1.1965

Propane —Propylene 230.000—340.000 00094 00115 00094  00104| 00104 00125 00104  0.0104

13371 13569| 06735 _.06497| 08682 g 08386 05850  0.5850
e tepnne | i@ RN B3 B34 926) ’3 Hta a B e o o
) 14 34486 37062| 3.2235  6.0162

q
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Table 5.1 (Continued)

SYSTEM

Range of T N

(K)

Nitrogen — Methane

Nitrogen — Ethane

Nitrogen — Carbon dioxide

113.716—172.049 | 54| Kij

138.716—280.000 | 54 Kij

220.000-27G.000 | 40 Kij

Carbon dioxide — Methane

Carbon dioxide — Ethane

Carbon dioxide — Propane

Carbon dioxide — n—Butane

Carbon dioxide — i—Butane

Carbon dioxide — n—Pentane

Carbon dioxide — i—Pentane

Carbon dioxide — n—Heptane

Carbon dioxide — n—Decane

219.260—-270.000 | 43

250.000

244.271-266.493 | 21|  Kij

310.938—-344.271 | 14

277.660—438.160 | 54

408.160

310.660—-477.216

462.560—583.660

PTEOS MSRK EOS MPR EOS
FUGA _ BBP | FUGA _ BBP | FUGA _ BBP
00333 00694 00306  00292] 00514  0.1181
AAD(%) 07901  6.6883| 13909  0.8204| 06941 138478
00479  00479| 00354 00375 00792 00771
AAD(% 31901  3.901| 80019  7.8672| 37808 38315
-00333 -0.0285| -0.1153 -0.0962| 00514 00479
AAD(%) 22204 22478 53097  5.1303| 36122  3.6929
01000  00958| 00958  00889| 01181  0.1069
- 2992  18639| 28174  2379| 39571  3.1708
13| Kij - 01306  0.1375| 01319  0.1403| 01236 01319
AAD(%) 10997 04218 13370 04893 15256  0.6448
-
. 01306 01333 01250 01361 01250 01292
AAD(%) jEse 18111  18022| 21313  18871| 21313  2.1004
368.160-393.160 | 13|  Kij 01806  01569| 01833  01611| 01764  0.1542
AAD(%) 21302 05645 16878 06284 19221  0.6088
0.1333 01500 0380  01347| 01306  0.1292
L1745 35407| 184  18031| 19507 19522
01485 01319| o128 0139| 01500 01319
51432 37183| 47270  36789| 53676 37061
9 0223  0.1694| O, 02014  0.1528| 02083  0.1542| 02014 01528
51059 12176 48516 47978 14259| 49727  17084| 48375 13493
Ca </
| 7% 00917| 01111 0.1069
R 29486| 33983 31278
01194 _01167| 00778 » 00722| 01111 01056
6, S29978 | . 28798 2493 19101 16407
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The 5.2 The computing time of the average Kij calculation required by both criteria for
systems containing CO2 with the SRK equation of state

System Range of T N Computing time (min. : sec.)

(X) FUGA BBP
Carbon dioxide - Methane 219.260-270.000 | 43 00:10 01:42
Carbon dioxide - Ethane 250.000 13 00:06 00:50
Carbon dioxide - Propane 21 00:12 00:56
Carbon dioxide - n-Butane 00:06 00:50
Carbon dioxide - i-Butane - 00:07 00:51
Carbon dioxide - n-Pentas 00:17 01:56
Carbon dioxide - i-Penta 00:04 00:34
Carbon dioxide - n-Hepjafe 00:10 01:50
Carbon dioxide - n-Deca 00:09 00:53

]
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containing COz using the PR equation of state
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5.1.2 Systems Containing Methane

The average Kij values of methane systems from two criteria are
shown in Table 5.1. From this table, most of the percent AAD are less
than 5.0 % except the methane - n-pentane system. The Kj; values were found
to be close to zero for the methane - ethane system and less than 0.05 for the
methane - heavier hydrocarbon Morever, some Kjj values are

negative, especially for some syst&fﬁ#/ the MSRK equation of state.

For two obJecuve,mmns Kjj v s almost equal but the percent
AAD from bubble poinépressur: . m od:"?"hl-less than the percent AAD
from fugacity method, he differences in KMS of the two methods are
less than 0.01 for SRI O for PR, ET and MSRK. The
ues. from both methods can be
f relation between two data sets

using five equations of statg izaﬂ“o_f‘ t telationships are in the acceptable
range with the slope m auc .
0.8952 respectively as sho

pressure, composition or dz;ny other equlhbnum variables are predicted. This is
because all P-T: mmoﬁﬂ function of fugacity
method whereﬁ % ﬁm bble point pressure
method. Thergilore this reason anay explain, why the aceuracy of the Kjj

i ) EIOT 4.4 Tk pHAGL ) o s

pressure cqtenon

5.1.3 Systems Containing Ethane and Systems Containing Propane

Using fugacity and bubble point pressure method, the optimum Kij
values of ethane systems are shown in Table 5.1. The Kjj of ethane systems
are close to zero for only ethane - propane system. All percent AAD are
within the limit of 5.0 %.
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The percents AAD from bubble point pressure method are less than
the percents AAD from the fugacity method as shown in Table 5.1. The
differences in Kjj values of fugacity and bubble point pressure method are
less than 0.03 for most cases. The relationship of Kjj from two criteria are
shown in Figure 5.4. The slope m and R2 from all equations are in the range
of 0.6902 - 0.7996 and 0.9387 - 0.1484 respectively.

The average Kjj for two Rﬁyis stems -- propane-propylene system
and propane - isopentane g y &: Table 5.1 From this table,
Kjj  values and percent ire less

“A—

1 and 5.0 respectively in all

—

cases.

QL Amom the bubble point
AL ts

from fugacity method.
ia'do not exceed the limit of
i shown in Figure 5.5. The
0480 and 0.7007 - 0.8405
RK equations give higher

0.02. The Kjj relationghip/fro
slope m and RZ are i

respectively. It can be
values of R2 than the othe

5.1.4 Syste

The average J es from for nitrogen systems are
shown in Table 5.1. rom this Table almost all vatues of Kyj are higher than

0.03 except ﬂ m m gi m using SRK, PR,
PT and MS h i ﬁ, 'should be noted that

the average K or nitrogen - carbon dlox1de stem are oh€ ative because
1] & aé‘ €. 5Y &

of non mg-g - ﬂlm ﬁn that the Kjj
for systeqls con I 2 er the Kjj for

hydrocarbon- hydrocarbon system
For comparison of the Kjj from the bubble point pressure method
and from the fugacity method , the differences of Kj; values from both
criteria are less than 0.01. And when the regression of the Kjj values
from both criteria are shown in Figure 5.6, the slope m and R2 are in the
acceptable range of 0.9046 - 1.1866 and 0.8588 - 0.9650 respectively.
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5.1.5 Systems Containing Carbon Dioxide

The Kjj values of systems containing carbon dioxide are presented
in Table 5.1. Most of the Kjj values are in the range of 0.1 - 0.2. The
influence of the molecular weight is significant in these systems. For
CO7 - hydrocarbon systems, the Kjj values increase with the molecular
weight of hydrocarbon components for Cy - Cy.

The results from two ¢ ia @e point pressure method and
the fugacity method are almost ¢ . erences of Kjj from both

criteria is less than 0.0 ing methane or ethane or
propane and less than @: _ ntaining butane, pentane,
heptane, or n-decane. Th€ AAD(%, ibble point pressure method
are still less than ] especially, the systems
containing high mol lr¢ AD(%) from the bubble
point pressure method ty ‘e n d for all systems are in the
range of 0.42 - 4.0 % an ) A ively. The regression of the
Kjj values from both /met sing' all five equations and the
result of each equation i i n AFigure 5.7. The result of this
analysis yields R squared Qf— e MPR equation and over 0.85 for
the SRK , PR, PT 3nd MSﬁK'f eq ' the slopes, m in all
equations are clos

ﬂ‘iJEJ’WIEJT’]‘iWEJ']ﬂ'ﬁ
ammﬂmwmmaﬂ
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Figure 5.6 Regression results of the optimum Kij values calculated by
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5.2 Significance of Binary Interaction Parameters in Vapor-Liquid Equilibrium
Calculations

The absolute average percent deviation (AAD) in predicted bubble
point pressures using five equations of state with and without Kjj are given
in Table 5.3 for methane systems, Table 5.4 for ethane systems, Table 5.5
for propane systems, Table 5.6 for en and Table 5.7 for COp  systems.
In these tables, the averagg ; bubble point pressure method
(Table 5.1) are used.

Evidently, the{ tic {

rules of each equatio
pressure values, especi

Kjj into the mixing
of the predicted bubble
, N2 - hydrocarbon and

hydrocarbon - high mo n systems. The percent AAD
between the exp _predicte es of every pair decrease
dramatically from ove | 5. than 4% in these systems.

As an example ofithe accuracy #mpro ement Figure 5.8 gives the
comparison of the VLE calcilation of €05 methane, CO, - ethane, CO; -
propane, CO2 - n-butane an,d-:g;@z}’%ane systems at two different
temperatures with ﬁpgmﬂmui the optimum Kj; usidg, PT equation of state.

Therefore, fotjsysfé‘ containing CO», 82 and high molecular
weight hydrocarbon \ghlch the Kj; values are over 0.03, this coefficient

e e B AT N -
g her Hyhindarbop Wdﬂaﬁ%ﬂoﬁl AR My vt e

less than those in CO2 , Ny and high molecular weight mixtures, their effect
in the VLE prediction accuracy is not so meaningful, especially for methane -
light hydrocarbon binaries atlow to medium temperatures.



Table 5.3 Comparison of percent AAD with and without Kij for systems containing methane using five equations of state

i

&

SYSTEM T Range of P N SRK EOS ’ PR EOS PT EOS MSRK EOS MPR EOS

AADE6) - AADES) | AADEG)  AADRL) | AAD(S) AAD) | AAD(%) AADE:) | AADEL)  AADEA)
(K (atm) (with Kij) ';*{3 CuitirKig# (Gi=0) | (with Ki) (Kij=0) | (with Kij) (Kij=0) |(with Kii) (Kij=0)

Kij=—-0:0028 j==0.0028 Kij= —0.0056 Kij=—0.0014 Kij=0.0014
Methane — Ethane 130.370 1.9053-3.3070 4| 28282 2.2003 2.676 2088| 27209 1.6416| 2.3613 2.0844| 1.7003  2.0167
144.260 1.8577-6.6685 | 7 1.3759| 2.9483  2.3863| 1.7097  2.3071
158.150 1.7556-13.5412 | 10, 3.3774| 2.3584 25185, 25713 24850
172.040 2.0958-23.1016 | 9 1.6874| 18720 1.1873| 09451  1.1664
186.110 2.4973-35.8561 | & 1.4439| 1.0889 1.3184| 1.1950  1.4549
189.650 2.4360-41.8483 | 10 1.6689| 3.0110 3.7217| 1.1027  4.6236
190.840 2.6878-45.4547 | 10 10.6881| 53810 22.0358| 7.3821 81749
192.390 2.6538-40.8276 |8 2.3061| 1.9531 2.3340| 08632 0.9790
199.920 3.0621-40.8276 | 8 2.3514| 24333 2.8066| 09224 09630
260.000 17.8000—55.1800 | 14 | 0.9730 07439 1.4803 1.6131| 1.0514  1.2063
270.000 22.5300-50.2600 | 9 5426 1.4207| 05988 0.7185| 1.8601  1.7707
280.000 28.5000-46.5000 | 7 A8001¥, 0.9324| 1.1742 _ 50799| 0.8868  4.8206
130.370—-280.000 | 1.858—-55.180 100 P, 2255505 26435 21919  4.2824| 19334 2.7647

dj=00094 . 0017ER N Kij=0.0073 Kij=0.0104 Kij=0.0208
Methane — Propane 144.260 2.1004-7.3490 | 6| 27551 4ld7543| 26955 3.7877| 28610 51778 28512 65752
158.150 1.7011-13.7113 | 8 3822, 7 B.073: 31396 52580 3.2198 6.3108| 1.4371  7.9835
172.040 2.0958-23.2717 | 8| 2.0736  2.6308 16579 3.6869| 19888 4.9797| 07349 7.0712
187.540 2.7699-39.8750 | 9| 1.3562 2774 1.3828 19.8804| 1.3497  3.0014| 1.2987  9.3957
192.300 2.0414-39.1264 | 9| 1 8541:-'::&9903 1.8882  1.7905| 1.9908 3.1992| 1.3654  7.9655
195,200 2.0754-44.2299 {1 1.3857 2.3802| 1.6033  3.4281| 1.4737  7.3914
213.710 1.8713-61.2414" “J2.4127 138411 41211 2.0269| 1.7602 67746
144.260-213.710{1.701-44.230 B2 120286 53301 24495 3.8258| 1.4973 7.6123

- = o = —

-'-ai Kij=0.0115 = [ Kij=0.0063 Kij=0.0083 Kij=0.0229
Methane — n—Butane 166.493 1.3609-19.2570 36998 84312| 3.1258 11.0748| 3.9547 65884| 50898 85926 1.4844 11.1369
177.604 1.3609-29.4906 | 8|. 27731  7.0230| 23973 97761 26343 51010| 37947 7.0365| 1.0343  9.9741
185,938 13600-37.3573 | o|f 48330 7.3712| 4816 102543| 33153 54884| 44834 7.0852| 28100 10.9686
194.104 1.3609— " 638 | 2.6557| 2.8573 4.8008| 29909 8.6623
199.893 13.6160— ' ) 2.3685| 28356 3.7867| 2.6611  7.8110
210.938 1.3609- . 4452 2.0928| 51675 2.1495| 3.4818 85357
227.560 3.4000-81 8 3.3969| 59149 4.8240| 4.4374  8.8161
255,360 1 = 952 éa 736| 82138 49961 51250 94887
283.160 7 1 J761| 56856  5.7512| 2.0336  7.8678
166.493-283.160 1. 35978 49090 5.4576| 2.3964  9.2497
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Table 5.3 (Continued)

|

SYSTEM T Range of P N SRK EQS . PR EOS PT EOS MSRK EOS MPR EOS

AAD(%) . AADCE) Al AAD%) | AAD®) AAD®) | AAD(%) AAD®) | AADE)  AADES)
(K (atm) (with Kij)_(Kij=0) | (withd& Kij=0) |(with Kii) (Kij=0) |(with Kij) (Kij==0) |(with Kij) (Kij=0)

Kij=0.0319 Kij=0.0" Kij=0.0194 Kij=—0.0264 Kij=0.0385
Methane — Isobutane 310.938 5.4437-108.8736 | 18 201 4. 9516 1.1533  2.3022| 1.0780  4.4300| 15599 58173
344.271 13.6082-95.2644 ; 6.3312| 19721 42519 1.1314 31074 23012 57517
310.938-344.271 | 5.444—108.874 55301 1.4967 3.1198| 1.1004 38754 18708 5.7898

Kij=0.0083 Kij=0.0111 Kij=0.0292
Methane — n—Pentane 176.221 1.3677-20.4274 4.6798| 105124 15.7716| 13.8898 20.5324| 52480 238382
192.638 6.8182-40.8276 57153 16,5882 64925 82241| 7.2221 12.0157| 53575 17.1142
194.182 6.8114-40.8276 8.1127 154361 64506 66555 56279 10.6526| 62863 16.0970
189.871 3.4159-40.8276 W76714 . 128428 79992 62060 64458  7.1423| 738138 138014
223.932 6.8182-81.68552 : 84655| 102686 81076 9.2282 71958, 86835  9.5635
248.349 6.8182-112.4828 g | 41977 42469| 47378 39163| 4.0794 13.4219
273171 13.6228-136.0920 3647 7.0348 83337 52631 6.2068| 83999 16.7553
377.604 68.1140-136,0240 980| 1.8752  3.0890| 12.7193 10.8791| 24941 63348
176.221-377.604 | 1.368-136.092 6.389 7.1256| 81923 91227 59402 13.874

i e Kij=0.0083 Kij=—0.0853 Kij=0.0319
Methane — Isopentane 344271 34.1591-149.0888 3508 ——4.5602 |1 . 23166 1.5880 10.4172| 1.1302  5.6570
377.604 33.9550-129.2194 ,ng 51254 12 27425 25655 11.0941| 1.6317  4.4434
344.271-377.604 | 33.955—149.089 1.54647—4.823 25154 20441 107331 1.3642 5.0907

ATy

1 m=o.ﬁ7%5‘ 7 Kij=—0.0458 Kij=0.0319
Methane — Neopentane 344.271 21.0943-118, Q 9| 16425 5.4861 38419 1.8655 6.1213| 20091  4.4814
377.604 20.9582—85.1255 |5 5. 29437  38858| 1.9758 57405, 1.9430 _ 3.8771
344.271-377.604 | 20.958-118.944 =, 25088 3.8576| 1.9049 59853 19855  4.2655

—

I =0.0521 " [Kij=0.0299 Kij=0.0339 Kij=0.0514
Methane — n—Hexane 190.510 1.3609-33.9958 2.1749. 27.3770| 2.1912 31.14 27121 208114 35140 26.0776| 29118 25.0579
193.160 1.3677-34.0298 | 5| 29097 26.3010 74 30.1449| 3.4233 195577 3.1672 249434 35725 282495
198.060 1.3541 - 1 § . 73 185581| 1.7961 23.6566| 29359 27.5360
210.160 1.3745-% E 3 %] gl:% % EIE.M %57 19.8455| 4.8029 24.6644| 3.0988 29.7384
223.160 1.3745-68. ) , X A7 2/7487 14.1370| 25764 18.4604| 2.7275 25.2730
248.150 1.3677-68'0460 | 11| 24912 19.4068| 29601 23.0167| 2.0101 12.0502| 25355 14.6537| 3.3334 24.1307
273,170 1.7080-108.8736 | 13| 1.4780 15.4364| 1.7894,.18.4738| 3.86110J 7.9318| 7.0395  7.8683| 2.3556 202741
190.510-273.170 M m ! 3386 8260y (4.8579| 37865 18.4405| 2.9213 255710

89



Table 5.4 Comparison of percent AAD with and without Kij for systems containing ethane using five equations of state

SYSTEM T Range of P N S
AAD(
(K (atm) (wi
Ethane — Propane 195.000 0.2981-1.5623 | 15 49179 4.91
210.000 0.5073-2.8285 | 18 g
225.000 0.7718-3.5529 | 1 1 ,
235,000 2.0183-7.1345 | 18 1
245.000 2.2897-8.5295
255,000 3.5865-9.2642 | 18 ’
270.000 4.8951-14.1683
185.000-270.000 | 0.298—14.168 123
Ethane — n-Butane - 338.716 34.9756-47.7002 | 4|41 “4.2773
366.493 34,6354—47.0198 512455
338,716-366.493 | 34.635-47.700 -, 48582
j= 200156,
Ethane — Isobutane 311.2714 10.5471-39.8089 | 7 -
311.271 10.5471-39.8089 | 7 F=

PR EOS PT EOS MSRK EOS MPR EOS
AAD(%) | AAD() AAD(%) | AAD(%) AAD®) | AADEL)  AADE)
Kij=0) |(with Kij) (Kij=0) |(with Kij) (Kii=0) |(with Kij) (Kij=0)
Ki Kij=-0.0010 Kij=0.0000 Kij= 0.0021
38832 36115 37137 37137 835138 41479
17488 15424 17018 1.7016| 1.6654  2.0949
1. 1.3558  1.3242| 1.1962  1.1962| 1.1314  1.3517
25346 26892 22810 22810 1.9005 15913
12987 1.6050| 1.2764 12764 09282 05085
19121 22100 1.8060 1.8060| 1.4153 08149
2.0086 _2.2304| 1.9765 _ 1.9765| 1.5422 11070
147| 2.0625 2.1381| 1.9511 1.9511| 1.6846 15988
. Kij=0.0292 Kij=0.0243 Kij=0.0306
5766 | 44721| 16680 4.1105| 1455 33110| 15125 43901
1. : 11954 4.8458| 1.0893  3.8707| 10933 51334
‘ 1.3836  4.5517| 12233 3.6468| 1.2610 48361
0.011 Kij=-0.0148 Kij=—0.0156 Kij= -0.0083
0894| 09867 34766| 09953  3.5603| 10776  2.5009
0694 09867 34766| 0.9953 3.5603| 10776 25209
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Table 5.5 Comparison of percent AAD with and without Kij for systems containing propane usihg five equations of state

-

SYSTEM T Range of P
(K {atm)

Propane —Propylene 230.000 0.9968—1.2139
240.000 1.5199-1.8357
250.000 2.2403-2.6746
260.000 3.1779-3.7789
270.000 4.3918-5.1912
280.000 5.9215-8.9677
290.000 7.8164-9.1488
300.000 10.1258—-11.7937
310.000 12.8991-14.9716
320.000 16.1855-18.7318
330.000 20.0543-23.1335
340.000 24.5645—28.2556

230.000—-340.000| 0.997-28.258

Propane — Isopentane 273.160 0.5000-4.0000
298.160 1.5000—7.0000
348.160 5.0000-25.0000
398.160 15.0000—35.0000

273.180--398.160 | 0.500—35.000

PR EOS PT EOS MSRK EOS MPR EOS
AAD() | AAD®) AADGH) | AAD(:) AADE) | AAD(A)  AADEA)
Kii=0) | (with Kij) (Kij=0) |(with Kij) (Kij=0) |(with Kij) (Kii=0)

Kij=0.0125 Kij=0.0104

13208  4.1877| 07897  3.1433

122684 39110| 08110  3.0096

09134 3.4379| 06309  2.6937

05655 2.9505| 0.4245  2.3667

02875 2.4933| 02205 2.0834

0.3087 20572 01283 1.7661

04678  1.6473| 02317 14413

06455 1.3103| 04069 1.1613

08681 09941| 06077 0.8878

10442 07397 07811 06473

11708  05426| 09288 0.4373

1.2460 04020 1.0502 _ 0.2896 -

08386  2.0561| 05850  1.6589

Kij=0.0073 Kij=0.0000 Kij= ~0.0094

18626 2.6207| 26927 2.6297| 68416 3.2748
03382 26426| 29533 29533 65673  3.5097
18376 27171| 27347 2.7347| 4.339%4 31316
26247 37131| 34363  3.4363| 52650 38582
26284 36998 37062 3.7062| 6.0162  4.7788
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Table 5.6 Comparison of percent AAD with and without Kij for systems eon}aining nitrogen using five equations of state

SYSTEM T Range of P N SRK - PR EOS PT EOS MSRK EQS MPR EOS

AADGS) AAD(4) | AAD(:) AAD(%) | AAD(%) AAD®:) | AADEL)  AAD(S)
K (atm) (with _ ‘ [=0) [(with Kij) (Kij=0) |(with Kij) (Kij=0) |(with Kij) (Kij=0)

Kij=0. : ; _ Kij=0.0694 Kij=0.0292 Kij=0.1181
Ntrogen — Methane 113.716 8.24-57.48 gl T 8971 1 8727| 9.0183  7.5608| 1.1862 6.7796| 19.5283 10.9554
122.049 2.7559-25.8575 | 10 1 8| 7.1438 55639 06598 4.9355| 14.8913 83574
127.604 3.4840-28.3752 | 7 81722 50003 1.0090 4.3968| 153200 8.1208
138.466 6.8216-33.8869 | 7 0. 1203| 87261 50844 0.9727 4.3440| 1630350 8.6144
149.827 12.1802-33.6828 i 12y 68472 49166| 06871 39642 153570  7.9508
160.938 17.0115-40.6915 | 8 1 48384 36671 07251 27133 10.43%4 56721
172.049 25.2110-40.6915 | 748 1. ; . 7L 18129 27378 05327  2.0633| 3.9078 __ 3.7293
113.716-172.049 | 2.756-57.480 . 484712 J0. 371" 66883 4.9907| 08204 4.2347| 133478  7.6945

P — — |Wij=0 ij=0.0479 Kij=0.0875 1 Kij=0.0771
Ntrogen — Ethane 138.716 3.4840-34.0230 ge.3485 | | ,_ 50081 350510 95190 33.0252, 4.7925 462242
149.827 3.4023-40.8956 | 8|44 27.7705(¥, 4.652 k. 38982 303672 5.6610 27.4496, 4.5001 42.9489
172.049 3.5724-67.9099 . 190922 (% 5943, 25,72 42257 21.2451| 4.2790 154018 4.7039 350984
184.271 3.4703-96.2851 | 9 138013 " 3 1 17.9416| 48227 14.6815| 9.1401 58933 55538 27.0755
260.000 18.1000-93.8000 | 8 %g.rf‘ 1,2024 5. 1.2642  4.4210| 11.6561  7.1863 2.3306 88144
280.000 20.5000-80.9000 | 14| 1.7845 .8 18820 4.3846| 1.3357  3.6693| 7.3590  5.0618: 2.2209 56436
138.716—-280.000 | 3.402-96.285 54 " A%9861 | 1497| 3.1901 16.2397| 7.8672 13.9885| 3.33(5 24.8362

B el

Kij=—0. %—, F 11 Kij= —0.0285 Kij=—0.0962 TiKij=00479
Ntrogen — Carbon dioxide 220.000 14.8927-136.1559 3.0486--104717. 31358 109830 86401 34.5175| 4.7782 185488
240.000 20.7254-142.8275 29137 10.0382| 3.7171 34.5196| 4.7757 11.1939
270.000 39.0000—95.0000 1.3352  1.7124| 4.6595 14.9220 2.3634 _ 6.5873
220.000-270.000| 14.893-142.528 6.4805| 5.1303 256993 36929 105919
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Table 5.7 Comparison of percent AAD with and without Kij for systems containing carbon dioxide using five equations of state

-t

SRK. EC(

126

SYSTEM T Range of P N
AAD(%)
(K (atm)
Carbon dioxide — Methane 219.260 13.795-38.105
230.000 15.000—69.080
240.000 20.765-74.947
250.000 20.000—77.000
270.000 36.250—69.904
219.280-270.000| 13.795—77.000
Carbon dioxide — Ethane 250.000 14.230-18.510
Carbon dioxide — Propane 244.271 4.9674—13.4051
266.493 7.9614—25.7894
244.271-266.493 | 4.967-25.789
Carbon dioxide — n—Butane 368.160 15.1088-70.0913
393.160 23.6072-43.4148
368.160-393.160 | 15.110—70.091

Carbon dioxide — i—Butane

4

LA Y
K=o13a7 7

=4 J 5 ‘.‘. »
0722871529 | 047}
07164 = .

310.938 7.1448-55.1853
344.271 21.3664-61.7858
310.938--344.271 | 7.145-61.786

PR EOS PT EOS MSRK EOS MPR EOS
AAD6) | AADE6) AAD(%) | AAD() AADES) | AADES)  AADES)
Kij=0) | (with Kij) (Kij=0) |(with Kij) (Kij=0) |(with Kij) (Kij=0)
6 Kij=0.0858 Kij=0.0889 Kij=0.1069
35396 339732| 57296 33.1184| 50144 37.6870
1.3948 19.8375| 1.8921 17.8644| 3.1206 21.6092
16517 19.8250| 23877 16.9939| 234589 21.1724
21495 14.2621| 25971 12.1190| 2.5925 16.1699
1.5149  11.1116] 05906  9.2088| 2.1965 12.5936
1.86839 18.8949| 23729 169577 3.1708 20.8975
[ Kij=0.1375 Kij=0.1403 Kij=0.1319
04218 17.9777| 04893 17.8051| 08448 17.7777
Kij=0.1333 Kij=0.1361 Kij=0.1292
1.6395 31.5814| 1.7801 31.1561| 2.1650 30.6217
1.9502 27.4974| 1.9844 27.0257| 2.0416 _ 26.9228
1.8022 29.4422| 1.8871 2B8.9926| 2.1004 28.6842
Kij=0.1569 Kij=0.1611 Kij=0.1542
06170 14.8061| 0.6789 14.6235| 0.7147 14.8951
04805  7.5513| 05474  7.4612| 04394  7.5750
05645 12.0158| 0.6284 11.8688| 06088 12.0796
0.1500 Kij=0.1347 Kij=0.1292
51186 21.6441| 1.7843 21.4441| 2.0654 21.6057
1.4369  20.3560| 1.8281 20.0204| 1.8012  20.3386
35407 21.0920| 1.8031 20.8339| 1.9522 21.0627
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Table 5.7 (Continued)

AUEINENINYINT
ARIAN TN NN ING 1Y

SYSTEM T Range of P PR EOS PT EOS MSRK EOS ‘MPR EOS
%) AAD@) | AAD@%) AAD®) | AAD() AADES) | AAD(Y)  AADES)
K _(atm) Kij=0) | (with Kij) (Kij=0) |(with Kij) (Kij=0) |(with Kij) (Kij=0)
Kij=0.1319 Kij=0.1339 Kij=0.1319
Carbon dioxide — n—Pentane 277.660 2.2455-7.0170 10731 50153 26.0731| 52405 26.3088| 5.1681 25.9906
311.049 4.5591-61.5136 B7151| 50462 287151 4.8972 288669, 50612 287274
344.160 4.0828—-88.4548 8726 2.9219 23.6726 2.7794 23.5580 2.3001 28.6864
377.604 8.9621-87.5072 Y . 27117 21.5043 2.6743 21.0954 2.8805 21.5321
408.160 13.8169-71.9270 | 7 1| 3.0603 149651, 3.1881 14.4780| 2.9485 14.9674
438.160 21.7715-58.3173 2 32298 97680| 29349  9.2313| 33188  0.7694
277.660-438.160|2.246—88.455 54| 489 s 37183 22.3135| 36789 22.1821| 37081 223086
0 - Kij=0.1528 Kij=0.1542 Kij=0.1528
Carbon dioxide — i—Pentane 408.160 15.919-71.720 12176 J13.8954], 1. 1.4259 136141 1.7084 12.9750| 1.3493 13.6647
E -~ A Kij=0.0917 Kij=0.1089 N
Carbon dioxide — n—Heptane 310.660 8.7099-52.8398 i 34, 3. 4.0257 31.5215 4.2534 34.1349
352.604 4.1848-114.5895 | 1 - m, 1y 2 0.8510 20.0884| 0.8718 21.5673
394.271 11.1595-130.6483 | 15 7.9 16.8735| 4.4070 14.6735| 4.5524 15.5579
477.216 17.2837-95.8088 | 6| 1.5076 % 9.5278| 24016 99479| 29540 _ 6.1698|
310.660-477.216| 4.185-130.648 o5 9 0123 2.9486 19.4858| 31278 20.3039
j=0.1500——— 67 Kij=0.0722 Kij=0.1056 -
Carbon dioxide — n—Decane 482.560 19.3600-50.7000 | 4| 2.2030. 208857 | 18.1558| 09847 11.8498| 06866 15.6394
' 476.960 14.2500-50.1000 4, 4| . 1.3708 ~19.1248| = 1.2331 101197 09245 13.3732
542 960 29.3800—51.oooou,P4 41498 14.7242| r:{2"249 7.8528| 1.0050  7.8024
583.660 19.7600-50.4000 = 56265  85924| 3.9567 _ 7.2481
462.560-583.660 | 14.250—51.000 3.7719 u 24923 95537 1.6407 11.0158
—
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5.3 Temperature Dependence of Binary Interaction Parameters

As shown in Figures 5.9 to 5.13, the Kj; values obtained from the
SRK equation using bubble point pressure criterion for methane, ethane,
propane, nitrogen and carbon dioxide do vary to some degree with .
temperature. Only systems containing CO) depend on temperatures, especially

Figure 5.13.

4
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5.4 Comparison of the Optimum Binary Interaction Parameters of Some
Equations of State with Earlier Works

Graboski and Daubert [25] have reported an extensive tabulation of
the binary interaction parameters for mixtures containing non-hydrocarbon
components with hydrocarbons using the SRK equation. The minimization
of the bubble point pressure deviations was employed. Reevaluation of this
procedure in search of the optimt i VLE calculations with the SRK

equation was presented ert [56] in 1985. The same
objective function was

in slight improvement.

The Kjj values foind 1 this work and | these proposed by Graboski and
Daubert [25], Eillot and Daubert:{56], an i et al. [57] for systems
: ane, nitrogen and carbon dioxide are shown

in Table 5.6. The comp icates that there is agreement between
these works. The.M dewauons esu due to the different data
base employed and.the erent algorithms used it the calculation methods.
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Table 58 Kij values in this work and of the SRK equation as predicted by Graboski
and Daubert [25], Eillott and Daubert [56] and of the PR equation as predicted

by Nishiumi et al. [57]

Kij
System SRK EOS PR ECS
this work [25] [56] this work [57]

Methane — Ethane —0.0028 - - —0.0028 0.056
Methane — Propane 0 " 94 = = 0.0177 0.015
Methane — n—Butane Y \ - 0.0188 0.025
Methane — Isobutane 0 0.0306 0.031
Methane — n—Pentane - 0.0264 0.031
Methane — Isopentane - 0.0319 0.035
Methane — Neopentane — 0.0417 0.040
Methane — n—Hexane 0.0521 0.038
Ethane — Propane — —0.0021 0.005
Ethane — n—Butane - 0.0306 0.011
Ethane — Isobutane —0.0115 0.016
Propane — Propylene = 0.0104 —0.002
Propane — Isopentane = —0.0042 -

Nitrogen — Methane 0.0350 0.0306 0.044
Nitrogen — Ethane 0.0875 0.0542 0.058
Nitrogen — Carbon dioxide —0.0220| -—0.0111 —0.016
Carbon dioxide — Methane 0.0936 0.0986 0.114
Carbon dioxide — Ethane P 0.1346 0.1340 0.1319 0.113
Carbon dioxide — Propane .=~ { 3474 018 0.1280 0.1292 0.111
Carbon dioxide — n—Bul D.1376 0.1500 0.110
Carbon dioxide — i *Bliafie—— 04347 ‘ 0.1250 0.110
Carbon dioxide — ne=e L 0.1319 0.109
Carbon dioxide — i—P e = 0.1341 0.1500 0.109
Carbon dioxide — n— ne 0. 0.1136 0.1120 0.1000 -

Carbon dioxide — n—Decane 0.1500 0.1377 - 0.1167 0.101
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