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ABSTRACT

A gt ~ed meinod v develeped for the predistion of the saturated liquid
dens for bvdrocarbors with the help of a reference substance, Using mole-
iaz wed ight or e normal boiling point of the substance and the saturated liguid
ks 3 4l d"'f‘s‘.'r: t reduced teraperatures of the reference substanze (Argont,
seturaced Hauad densities of if rent hydrocarbons can be predicted within an
pieraye cprnr of 1,037

Correspunding state metbods had been the basis for many correlations
on ssurated lguid deasiiy. The most suecessiil amseng them i the
Lydersoa - Greerkorn — Hougen methed! which uses many input daia viz,
o P, and Z. ard above all it requires one experimental atue of liguid
density  The oiher equally suceessful mebeds to correlate saturated liguid
densities arz due o Benson, Goldhammur and Muithias, Deails of these
methads 2re available in Reid and Sherwood®, These methcds also require
the krowledge of one experimenta] density value in gedition to other cnitical
properties, Howeser, all these methods have wide application and predict
the suturated Hguid densiiies within an average error of 20%  For hvdro-
catbons of high moleculer weights, Bondi and Simkin® have proposed a
carrelation which does not require the knowledge of critical constants, but
wee must know orber reduc d properties and the molecular structure

Eurbier to these sucees ful correlations Antoine, Schmidt® and Dreisbach
snd Spenver® had suppesiad some estimation techniques to correlate saturated
liguid dersities.  However these are oot as useful as the methods based on
rorresponding staie methods,

A method which does not require the knowledge of one experimental
data of liguid density and which uses less number of input data which should
be avelisbie easily withovt any uncertuinty, s desirable. Using a reference
substaree plot and either moleculsr weight or the normal boiling point as &
oo parameter thie Ras Deen achieved for predicting the saiurated
ligaid demitios of hydrocarbors, L‘xrlw,. thig technique has been found vselul
e predict emrepy of .- UL of hydrecarbons” ard inorganic gases®,
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Since Argon is nonpolar, non-reactive and devoid of any quantum mecha-
nical effect, it was selected as the reference substance for ail these correlations,

Saturated liquid dexlsi!jes of various hydrocarbons (d,;}) and of Argon
{dy ® from the literaiure' " {various lterature data bave been collected and
£pal recommendations have been made in these references. For melhaneig,
ethane’® and propane“ the basic data have been obtained from the works of
Kuloor, Newitt, and Bateman'!, Tester'® and Din® since there is not any
difierence in the data given by other workers' ™) were plotted against
temperatures from which the smoothed values of dy and dy, at the required
reduced temperalures were obtained. The statiscally estimated smoothened
values were obtained from the work of Das and Kuloor™ ™® ¥ The reduced
emperatures for these liquids generally vary between 0.6and 1.0.  When these
values of saturated liqurd densities of Argon were plotted against the saturated
liguid densities of one hydrocarbon at various reduced temperatures, in ordinary
co-ordinates, a good linear relationship was observed. Similar good linear
reiationships were observed for all the twenty hydrocarbons corsidered in this
work. The slopes and intercepts of these straight lines were obtained from
these plots,

To arrive at a generalised equation to predict d,; for all hydrocarbons
and for all temperature ranges, attempts were made to correlate these slopes
and intercepts with some easily accessible physical parameters of these
substances. Follawing the successful correlations”® obtained for the case
of eatropy of vaporisation of hydrocarbons and inorganic gases, attempts
were made to correlate these siopes and intercepts with molecular weights or
the normal boiling points. On lagarithmic co-ordinates the slopes were well
corcelated with either one of these two parameters, namely the molecular
weight or the normal boiling point. It was also observed thut separate
cquations were required for saturated and unsaturated hydrocarbons. How-
ever, ihe intercepts failed to show any pattern of relationship with either
molecular weight or the normal boiling point. The relations thus obtained
do not correlate the saturated density data and hence a correction factor in
the intercepts has to be added.

Introducing this correction factor which is also a function of molecular
weight or normal boiling point as the cuse may be, the following equations
were obtaived to predict the saturated liquid densities of hydrocarbons.

I, Saturated Hydrocarbons :
11,378 x 10%/ 73, ¥5%5) y — 1.3158 < 1677 Ty ¢ 04726 i

120,95/ 1011 a4, — 1,076 x 104/ M 29 : 2]

1, Unsaturated Hydrocarbons :
[1.378 x 103/ 7, 1%55] ayy - 0.4716 x 1077 7, + L.88IE

[20 95/ 7001 4, ~ 2.871 x 10°, M 254 [4]
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i ws lownd 1 were tested for i3 saturated hydrocarbons and equations
3 w i - were resed fur 7 unsaturated hydrocarbons {Table 2). Except metbane
4it uithee hydrocerbons obeyed these eguations well as can be seen from the

resplis in Table 2. Being the first member of the family, the anamolus

o

seiatinur of me hane can be expected for this type of correlation,

Exc;pi mehane, the molecular weight predicts [BEquations 2 and 4] the
lcd m.gah. d::z sities of hydrecarbens within 1.90% and unsaturated
1.72% over-zil average. The acrmal boiling point,
saturated liquid demsities within 2 65% and the
3.46%. Among these two parameters
o 1\e the better parameter to predict the saturated
Hguld dumsities of rocarbons,

Tiess wver.ges are comparable to the existing correlations but using
P2 or 3 and 4 one need to know only molecular weight or the
hotiing peint in additdon to the Lguid dencities of Argon. Table |
1125 of the systems used in this work.

‘‘‘‘‘ vlq‘y [

s

G0

groups ihe phwsival oo

TabLg !
‘*mwu“u wi U’}E: ..o"x;mus dsand -4 Ermr

Solecular ‘g.or!r}nal
Compounds weight 2. Brror pﬁ?xi! 3‘% °f,Error Slope (m)
(M) (Tsr

ethane 1604 19.71 111 75 49 67 1.3048
Erhast Wwa7 5.13 184.56 162 2.0833
Propane 44.09 25 230 98 0.96 2.6396
cahouine 58.12 2,10 272 66 273 3.3636
o butane 5812 256 261.44 503 3.3749
nopenlang 7215 1.62 309,23 299 -
180-penlane 15 w72 30101 109 -&.! 93
neo-pentane 7218 162 282 66 965 o
nherans 56,17 1.47 341,90 2.56 —
n-heplang 0020 1.21 37159 150 .
LeOCTRGE 114,2% 8717 398 83 1.31 5.9347
PR AR 128.25 [ 423,96 0.75 6.6006
nedecane 14278 0.9% 447.28 L1i6 7.8003
Propulene 42.08 1.7% 225.46 106 2.3843
1o hpuiahene 3409 3.83 268.75 8.50 ——
femuigne 510 i %0 66 91 1.21 3 1665
eip-debitene SR .88 276.88 6.88 2.8003
Traes-2-haleas 5610 1.40 27404 4.69 -
Ch yTeeg SE6I0 1.23 2A6.16 113 3.0525
P-penters B .99 303,23 076 3.8669

O»tr-.xﬂ merage l B 3.05
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TaABLE 2

Calculated and Experimental values of liquid densities for various Hydrocarbons
MR Tl gk wo gl oaon
Methane 0.96  21.15 16.56 2437  47.16 8.70  47.46
(Ref. 10 & 13} 0.94 2244  17.63  25.84 4657 10.33  41.41
092  23.85 18.46 2744 4865 12,12 34,34
088  26.10 19.86  30.00 51.06  14.97  24.62
084 27.84 21.05 3198 5192 17,17 18.43
0.80 29.20 2212  33.52 51.54 18.90 14.56
076 3038 23,12 3487 5082 2039 11.81
0.72 31.43 2395 36.06 5056 21.72 9.31
068 3242 2474 3719 5032 22,98 7.11
0.64 3337 2545 3827 5037 24.18 499
0.60 3436 26,14 3939 5069 2543 272
Average 49.47 19.71
Ethane €96 2115 1176 11,53 1.96 993 15.56
(Ref. 10& 14)  ©0.94 2244 1250 12.22 2.24 1080  13.60
0.92 23,85 13.07 12,97 0.77 11.74 1018
0.88 26,10 14.03  14.17 1.00  13.25 556
0.84 27.84 1485 15.10 168 14.42 2.90
0.80 2920 15.54  15.83 1.87 15.33 1.35
0.76  30.38 16.20  16.46 1.60  16.13 0.43
0.72 3143 16,76  17.02 1.55 1683 0.42
068 3242 17.27 17.55 1.62  17.49 127
0.64 3337 17.76 18 05 1.63 1813 2.08
0.60 3436 1823 18.58 192 18.79 3.07
Average 1.62 5.13
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Tasne 2—{conrd )

Hed bon 4o de @ o e R,
B v s i gy weh gy oupn

Propans [CRT I3 3 ) 8.34 8.23 1.32 7.87 564

{Ref. 11} §.84 2244 830 872 202 846 494

92 2385 9.35 926 096 9.0 267

GRS 2610 1008 1012 040 1013 0.0

N 2784 J072 1678 056 1092 1.87

08y 2920 127 1R300 027 1LS4 240

76 338 1R800 LTS 042 1208 2.37

072 3143 1224 1215 Q.74 1256 261

0F8 3242 1266 12,52 L1 1301 276

004 3337 1306 1289 130 13.44 391

660 3436 1344 1326 134 1389 3.35

Average 0.96 2.91

a-Butare 0%e 215 658 639 289 636 3.34

{Ref. 15} 494 2244 .05 697 397 680  3.55

692 2385 743 718 323 729 1.8

GES 260w 803 .86 212 806  0.37

84 2784 854 83§ 187 8.6 1.4l

rd 2920 897 878 212 913 223

076 W3R 933 933 214 954 225

072 3143 9.7t 944 278 990 1.96

068 3242 1003 974 2389 1024 2.09

.64 3337 1036 1002 328 1056 1.93

Average 273 2.10
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Tasre 2—{comd )

5%

it
Cale,

da
Cale.

B v als M gly owee Gl
iso-Butane 0.96 21,15 648 682  5.25 636 1.85
(Ref. 16} 094 2244 697 723 373 680 2.44
0.92  23.83 724 767 450 729 068
088  26.10 793 838 567 206 1.64
0.84 2784 $.40 £.93 630 866 310
680 29.20 885 936 576  9.13 316
0.76  30.38 922 974 564 9.54 347
072 3143 957 1007 522 990 3.45
0.68 32,42 9.94 1038 443 1024 302
0.64 3337 10,27 1068 399 1056  2.82
Average 5.05 2.56
A-Pentune 096  21.15 5.435 526 349 529 294
{Ref 17) 094 2244 5.82 5.58 4.2 565 292
092 2385 6.13 582 343 604 1.4/
0.88 2610 6.63 648 226 666 045
84 2784 705 696 2.13 7.4 1.8
0.80  29.20 7.41 724 229 752 148
0.76  30.38 773 753 259 785 155
0.7: 3143 8.03 7.8 3.1 §.14 137
0.68  32.42 832 $03  3.49 241 1.08
1.6~

Average
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TasLs 2—{contd.)

H: drecarbons T dy o e, o, Div. cHe /o Div,
‘Sasurated) i {Ref 3 Lit, Eq. 1 q.2

o Pemtare veE 2113 547 548 018 529 3.29
{Ref. 18) Y4 22,44 584 581 0.51 5.65 3.25
492 2383 §.15 6.18 0.49 6.04 1.79
088 2610 464 675 1.66  6.66 0.30
pRd 2784 704 720 227 7.4 1.42
080 2020 743 T.54 1.48  7.52 1.21
0.76  3BIR T3 784 1.42 7.8 1.55
4.7 3143 803 &.11 1.00 8.14 1.37
268 3242 230 8.37 0.84  8.41 1.32
Lverage 1.0% 172
ez 9.90 218 351 £.05 280 529 399
{Ref, 19} 094 2244 533 6.4l 8.06 565 4.72
093 2385 623 681 931 604 305
8% 60 670 744 1104 666  0.60
dad 1784 LIS 793 1691 714 014
sEr 2920 755 8.31 10.67 752 0,40
076 3038 789 864 9.5t  7.85  0.51
692 3143 .17 894 942 814 037
068 3242 B43 922 873 841 0.83

Average 9.65 1.62
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TasLe 2—(conid }

(7
Teob

*r (RZ?"»‘; i ,g-%cf s Div. gg{cz °/s Div.
096 21,13 465 449 344 452 280
094 2244 4.96 476 403 482 28
091 2385 523 506 3.25 514 172
088 2610 564 5353 1.95 .66 035
0.84 2734 598 5.90 .34 6.06  1.34
080 2920 6.30 6.19 175 §.38  1.27
076  30.38 6.56 6.44 183 6.65  1.37
072 3143 684 6.66 2.63 650 0.88
068 3242 7.07 687 2.83 712 07
Average 2.56 1.47
s-heptane 0.96 2113 4.03 3.92 2.73 3.94 223
{Ref 17) 0.94 22,44 4.31 4.16 3.48 419 278
092 2383 4,33 4.42 2.43 447  1.32
088 26,10 4.50 4.84 1.22 482 0.4l
084 2784 5.20 5.17 0.58 527 L35
00 2920 5.48 5.42 109 354 109
0.76  30.38 5.73 564 1.57 397 070
072 3143 5.63 584 185 598 0.50
068 3242 §.13 §02 211 618 049
Average 1.50 1.2
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4
Takst 2—(conta.}
maemern Gl f gl owor de oo
B-OTELRE 0%6 2113 356 349 197 349 197
{Ref. 20} D94 2244 378 370 212 371 185
092 2385 400  3.94 150 396 1.00
fr% 2600 433 432 023 435 046
Dbd 2784 463 461 043 465 0.43
D80 2920 486 484 041 489 062
0.76 3038 507 503 079 509  0.39
072 3143 527 521 114 528 019
U6s 3242 547 538 165 545 037
C.64 3337 564 553 195 561 (.53
050 3436 383 570 223 579 069
Average 1,31 0.77
gepinane 095 BN 3.6 314 2.61 342 1.96
{Ref. 21) CBE 2244 334 334 -~ 332 060
091 2385 335 356 028 3.54 (a8
0BR 2610 386 390 104 389 078
a4 27.84 0 401 407 146 416 1.22
080 2920 434 437 0469 437 0.69
076 3038 453 435 044 455 0.44
072 3143 471 491 - 472 0.21
068 3242 48 487 021 487 0.2
Average 0.75 0.71
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TasLe Z—{contd.}

335

noalts 0 Ghowoe Ehowow
n-decane 096 2113 2.85 2.86 0133 283 0.90
(Ref. 22} 0.94 22.44 3.08 304 1.62 3.03 2.59
092 23.85 3.31 3.24 241 3.21 2.02
0.88 26 10 3.56 3.56 - 3,52 1.12
0.84 27.84 3,76 3.8¢ 1.33 3.76 -
08¢ 29 20 3,93 4,00 1.27 3,98 -
0.76 30.38 4.13 4.16 0.73 4,12 0.24
0.72 31.43 4.27 4.31 094 426 .23
.68 32.42 4.36 4,45 206 4,40 092
Average 1,16 0,98
mEmy v oy 4 ¢howon e oo
Propylene .86 21.15 9.02 9.18 1.77 863 4,32
{Ref. 23) 0.94 22.44 9.62 9.59 0.73 9.24 3.95
09z 2385 10.13 i0.24 1.08 9.92 2.07
.88 26,10 1102 1113 .00 10.9¢ C.27
G 84 27.84 11,74 11 82 0.81 11.82 0.68
0 80 28.20 12 30 12.36 Q4% 1247 1.38
0.76 30,38 12,84 12.82 0.16 1304 1.56
0.72 31.43 13.35 13.24 0.82 13.54 1.42
Q.68 32.42 13.83 13.63 1.45 i4.01 1.39
0.64 33,37 14.33 14.00 2.30 14.47 .98
1.06 1.7¢

Average
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MR 7.03 703 7.86 7.8 721
3~ boindiens 94 2n44 414 7.43 8.72 7.56  T.13
{Ref 243 222 2385 B34 785 8.08 808 539
Ges o 2610 823 834 745 891 347
pad 9.79 909 7.46 9.56 23
10,31 9.48 205 1006 242
$Th 18,75 9.83 8§56 1050 233
"I 3143 1017 1015 213 1089 251
DEE 3242 1156 16.43 9.60 1125 2.68
G640 3337 1194 1074 1005 1LSL 276
Average 850 3.83
Putne R & 702 7.l 1.8 2.8
el 23} (T £ Y 7.80 0.27 2.66
794 076 0.63
.48 5.43 177 L77
aBd 2TaE 802 96 1.53 2.55
080 ZZ0 9.46 9.58 127 256
L6 a8 955 99y - 2.2t
B2 3143 103% 1026 1.25 1.35

i
288 3242 1076 10.56 1.86
484 3337 te 10.85 2.08

Average  1.21 1.90
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Cis-2-butene

{Ref. 26)

Trans-2-butene

{Rsf. 27)

Tasie 4
mianly o ade M G owow de o

096 2115 £5.83 6.71 1.76 6.86 044
094 2244 7.46 709 496 7.32 1.38
092 2335 7.95 749 579 7.83 1.51
088  26.10 8.72 815  6.54 8.63 1.03
084 2784 9.27 865  6.69 9.25 0.22

0.80  29.20 9.74 905 708 8.74 -
076 3038  10.20 9.39 7.94 10,16 0.39
0.72 3143 10.63 9.69 884 10.53 0.94
0.68 3242 1103 998 952 1089 1.27
0,64 3337 1136 1026 968  11.23 1.14
Average 688 0.88
0.96 2115 7.07 6.82 354 6.86 2.97
0.94 22 44 756 7.20 4.76 7.32 3.17
0962 2385 7.96 762 427 783 1.63

0.88 26 10 §.63 8.28 4.06 863 -
084  27.84 9.16 879 404 9.25 098
0.80 29.20 9.63 9.'9 457 9.74 1.14
076 30.78 10 06 954 5.17 10.16 0.99
072 3143 10.4-4 985 565 1053 0386
068 3242 1080 10.14 611 10.8% 0.83
4.69 1.40

Average
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Taste 2—{coneld)

Tl i g won G

jenbutyvlene 195 21,48 697 7.1% 2.44 6 86 1.58
{Ref. 2x) IS 224 7.4 783 0.67 732 2.14
0,02 2363 782 7.97 0.63 7.83 1.14

0 R 2608 &.25 8.68 117 863 Q.82

t84 2R 13 9.20 0.77 9.25 1.31

4§ 5,14 0,62 9,61 0.10 9.74 125

076 30.33 1603 9.98 0.50 10.16 1.20

072 314 10.43 10.30 1.25 10.53 3,96

16 41 1078 10.61 1.67 1089 093

064 3337 1113 1090 207 11,23 0.90

Average 1.i3 L.23

I-pentcue E) 23 505 5.80 1.66 5.64 .18
{Ref, 29) 0,93 204 .11 613 0.33 [
.92 23 NS 648 6.40 0.46 6.41 057

GEE 210G 7.63 .06 043 7.05 08

GEE 2784 7.48 7.0 0.54 785 1.2t

080 2920 T84 7.84 - 7.94 1.28

076 338 816 214 024 827 1.33

72 31.43 8,47 240 083 8.57 118

.68 32,42 877 B.E5 1.37 8.86 1.03

Average 076 c.99
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