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EVALUATION OF P-V-T PROPERTIES DATA

The Most Probable Values of Compressibility 

   Gaseous Ethane and Ethene

Factor of

BY KAORV DATE'`, KOICHI ~VATANABE'z'~ ANn MASAHSKO UED[ATSVF~

   The critical evaluations of the P-V-T data of gaseous etbane and ethene 

have been carried out based upon the experimental data available in literatures. 

All of the experimental measurements under high pressure were evaluated in 

view of their reliahility and the data were correlated with temperature and 

pressure. The most probable values and the reference values of the compres• 
sihility factorof gaseous ethane and ethene are presented in the form of numeri-

cal tables covering the range of temperature from 273.11 to 498.15 K and that 

of pressure up to 30;,98 x lOs Pa for ethane, and from 273.15 to 423.15 K and 

up to 8t0.60x lOs Pa for ethene. The estimated uncertainty of the tabulated 

values is also presented in the tables.

Introduction

   The evaluation of Pd%-T properties of gases at high presure h~ been made as a pact of program 

of "High Pressure Data Center of Japen" organized in the Society of Material Science. Japan, with 

the sponsorship of the Agency of Science and Technology. In the program, the work fot the evalu-

ation of P-V-T properties of gaseous methane had already been made and reported previously in this 

journalll. Next to it, this work for gaseous ethane and ethene has also been performed in a similar 
manner to the case of methane. The following members of the Committee and researchers attended 

for the discussion on the present work 

   J. Osugi, Y". Takezaki (Kyoto Univ.) ; 
   I. Tanishita (Nippon Univ.); 

   H. Iwasaki, S. Takahashi (Tohaku UnivJ; 

   T. Makita, Y. Tanaka (Kobe Univ.) ; 

   A. Nagashima (Keio Univ.), . 

[o whom the authors wish to express sincere gratitude for [heir valuable suggestions and disscus-
sions.

(Received Ocfober 20, 7973) 
't The Ckernfco! Research 7rutifufe aJ rVon-aqueoar Solutions, Tolroku University 
'~* Deparhnenf of Mechaniwd Engineering , Fein Univerrity 
1) J. Osugi, Y. Takezaki and T. Maki[a, TMt Journal, 41, 60 (1971)
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Svrvey and evaluation of P-V-T data

   There exist seven and eleven different measurements an the P-V-T relations of gaseous ethane 

and ethene, respectively, under high pressures as listed below

Etbane 

 A. Michels, R'. Van Straaten and J. Dawson 

 A. bSichels, snd G. W. Nederbragt 

 J. A. Beanie, G. J. Su and G. L. Simard 

 J. A. Beanie, C. Hadlock and N. Poffenberger

H. H. Reamer, R. H. Olds, B. H. Sage and W. \. Lacey 

B. H. Sage, D. C. R'ebsler and W. N. Lacey 

V. M. Miniovich and G. A. Sorina

(1954) z1 

(1939) 31 

(1939) +1 

(1935) 51 

(1944) e1 

(1931) 71 

(1971) s1

Ethene 

 A. Michels and D1. Geldermans 

 A. bSichels, J. De Gruy[er and R Niesen 

 A. Sass, B. F. Dodge and R. H. Bretton 

 W. Thomas and bf. Zander 

 P. S. Ku and B. P'. Dodge 

 R. J. N'al[ers, J. H.'I'rach[, E. B. Weinberger and 

 J. K. Rodgers 
 R. C. Lee and R'. C. Edmister 

 H. G. McDSath and W. C. Edmister 

 V. I-I. Danneel and H. Stoltzenberg 

 C. A. Crommelin and H. G. R'atts

(1942) s1 

(1936)ta) 

(1967)111 

(1966p21 

(1967)ta1

(1954)la 

(1970)15) 

(1969)16) 

(1929)[71 

(1927)la>

2) A. Michels, W. Van Straaten and ]. Dawson, Physira, 20, li (1954) 
3) A. Michels and G. N. Nederhrag[, ibid., 6, 636 (1939) 
4) J. A. Beanie, G. J. Su and G. L. Simard, J. Am. Chem. Sot., 61, 926 (1939) 
3) J. A. Beanie, C. Hadlodt and N. Pa6enberger. J. Chem. Phys., 3. 93 (1935) 
6) H. H. Reamer, R. H. Olds, B. H. Sage and W. N. Lacey, Ind. Eng. Chem., 36, 956 (1944) 
7) B. H. Sage, D. C. 1Vebster and W. N. Lacey, rbid., 29, 658 (1937) 
8) V. A1. Miniovich and G. A. Sorina, Zh. Fis. KMm., 1971, 43 (3) ii2 (1971) 
9) A. Michels and Sf. Geldermans, Physics, 9, 967 [1942) 

10) A. Michels, J. De Gruyler and F. Niesen, ibid., 3, 346 (1936) 
11) A. Sass, B. F- Dodge and R. H. Bretton, J. Chem. &rcg, Dala, 12, 166-(1967) 
12) 1V. Thomas and Af. gander, Z. arcgem. Phys., 2U, 4t 7 (1966) 
13) P. 5. Ku and B, P. Dodge, !. Chem. Eng. DNa, 11, lib (1961) 
I4) R: b \Valters, ]. H. Tracht, E. B. Weinbergerand J. K. Rodgers, Chenr, Eng, Pragess, 50, ill (1954) 
li) R. C. Lee and W. C. Edmister, A. I. Cb. E. Journal, 16, 1047 (1970) 
16) H. G. nIcMath and W. C Edmister, ibid., 15, 370(1969) 
17) V. H. Danneel and H, Stoltzenberg, Z. arrgew. CGenr., 42, 1121 (1929) 
IS) C. A. Crommelin and H. G. Watts, Comm. Plryr.Lab. Leiderc, No. 189-C (1927)
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   I. Mason and L. G. F. Dopey (1923)i9> 

   The original papers were carefully read through and examined lrotn viewpoint o[ the reliabIlity 

of the reported data by the same operations as in the previous work fog gaseous methanetl. 

   The final evaluation was performed by the Committee members and several researchers in this 

field as described above. As the results for ethane; the set of data by Michels el al.zl was considered 

[0 6e the most reliable and given the highest weight. The weight second to the above were given to 

other four sets of datas"~1. The weight third to the above was given to the set of datai] and no 

weight was given to the remainderst in which the data were reported only in the limited range around 

the critical point. Por ethene, the set of data by Michels eE aLa) was considered [o be the most reli-

able and given the highest weight. The weight second to [he above were given to other two sets of 

datau,tz>_ The weight third to the above was given to the set of datais>. The weights fourth to the 

above were given to three sets of datat4'~-tst. Yo weight was given to tluee eazlier datat7-ts>, It a-as 

also given to the early data by Michels eE at.totbecsuse they were represented in the set of their new 

dataa> with some corrections.

Methods and results of correlation

   The P-V-T properties of gases in original papers were expressed in various forms such as com-

pressibility factor Z, specific volume V, PP in Amagat unit and so on, with cazious units of pressure, 
temperature, volume and mass. At first, they were reduced to the common expression Z with the SI 

units of pressure and temperature 

   compressibility factor, Z=PV/RT, 

   pressure, P, in l0a Pa (=1 bar=0.986923 atm) and in aGn, 
   temperature, T, is K, 

   specific volume; V, in cm'/mole. 

In these processes, [he atomic n~eights recommended by IUPAC (19ti9)~+) were adopted as follows ; 

C=12.011-0.001 and H=1.0080±0.0003. For the universal gas constant, the numerical value 

recommended by IUPAC (the 23rd Conference)xt-2a) was adapted 

   R=8.31433±0.00044 (J/K•mole) 
     =82.0360 .004 (cros•atm/K•mole). 

The maximum relative unrertaioties o(Z due to the uncertainties of atomic weights, which amount to 

1.2 X ]0_n for ethane and ethene, are not significantly lower than the experimental errors in the 

precisest measurements The relative uncertainty of Z due to the uncertainties of R amounts to

19) L Jfasson and L. G. F. Dopey, Proc. Roy. Sot.., A103, i24 (1923) 
20) Commission oa Atomic Weights, Pare and dppl. Chem., 21, 9i (19i0) 
21) M. L. ilicGlashan, ibid., 21, 37 Q9i0) 
22) F. R. Rossini, ibid., 9, 433(1964) 
23) Thermodynamics Research Center Project, "Selected Values of Properties of Chemical Compounds", 

   Texas A and \f Univ., pp. i1-20 (1966)
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                Mme a-1) 

where m;=the weight given. 

      Z;=the compressibility factor in the original work, 

       Z=the tabulated compressibility factor value, 

       n=the number of data sources. 

   The weighted mean compressibility factor values obtained for ethane are shown in Tabte 1. 

The values surrounded by the broken line in the Gble are ''the most probable values of T." recom-

mended in the Committee because they were obtained by treating the original data in the region con• 

taming the mast reliable one. The standard deviations to them aze also giveain the parentheses. 

The values outside of the broken line in the table are relatively less reliable than the above, because 

they were obtained only from the data given by low weights. However, they are useful as the refer-

ence values, because there is no data more reliable in the present than the data used. 

   Similarly, as the most probable Z values recommended in the Committee, the weigbted mean 

values obtained for ethene are shown together with the standard deviations in the range surrounded 

by the broken line in Table 2. 

   For the evaluation of the compressibility factor of ethane and that of ethene, another method was 

also tried as follows. At first, sets of the original values of Z with the weights given by the Committee 

were developed to [he power series of density along respective esperimental isotherms up to 0.3 g/cma 

for ethane and up to 0.45 g/cma for ethene. Then the values of Z at round densities calculated by 

the above procedures were developed to the power series of temperature along each isochore }vith the 

reasonable weights given to the values of Z on each isotherm, and the values of Z were calculated at 

rounddensities and at the tabulated temperatures. Using these values, the correlations For [he iso-

therms were obtained in the power series of density. Finally, the correlated values o[ Z at the grid-

5.3x 10-a, which can be neglected urea for the precisest measurements. 

   It is difficult to estimate the relative uncertainty of Z due to the impurities in the sample gases. 

However the majority of the samples were pure above 99.9%: and it was regarded that the most 

abundant impurities were similar hydrocarbons having the like values of 7_ to the value of ethane dr 

ethene. No correction was made in the calculation of Z and the considerations on purity were taken 

into the evaluation together with other factors. 

   In the present correlations of the compressiblitity factors of ethane and of ethene at high pres-

sure, the so-called grid-point method was empkoyed predominantly as follows. 

   I[ is the same method as used in the early correlation of the P-V-Tproperties of methane. That 

is, the values of Z at common grid-points o[ temperatures and pressures were obtained from the origi-

nal data reported in respective works: R~hen the data reported are not at oneof the common grid-

points specified. the interpolation procedures were carried out along an isotherm or an isobar on a 

digital computer using the least squares method. The precaution was paled for this procedure in order 

to keep on the experimental accuracy in each original data. Then the mean values at each grid-point 

were calculated with the weights determined by the critical evaluation in the preceding section. 

The standard deviations a were also calculated by the following expression 

            ~ra;(Z;-Z "      a=~ ,
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1 Dfost probable values and additional recommended values for the 

  compressibility factor pi ethane

Pressure Temperature K ('C 1

I DS Pa ( etm 1 273.15
(o)

29$!5
(25)

323.15
(50)

34$15
(75)

373.15
f 100)

39$]5
(1251

423.15
(1501

44$15
(175)

473.15
(2(100)

49$15
(2251

].01325 (I) 099003 0.99233 0.99406 099534 09%28 0.99699 099755 0.99799 099837 0.99870

(OA0030I(0.00030) (aooo3o) tomo3~ (000030) (0000301 (000030; (OA0030)(OA00301(OAm301

10.132 (f0) 08921 09199 0.9386 0.9523 a%23 a%97 0.9751 0.9800 0.9835 09864

(090121 (omo91

20265 (201 07522 OB268 08718 09025 0.9237 0.9387 09502 ' 0.9593 0.9662 0972fi

;(aAOOa) (0.00091 (0.0006) (000161 (0m18) 100014) (OA017)
30398 (30) 0.7125 0.797fi OB491 0883fi 0.9084 09269 0.9400 09510 0%03

(0.00151 (Om08) (0.00101 /DADIII (0.0007) (00010)
40.530 (401 0.5301 0711fi 07921 OB42fi 08776 0.9031 0.9212 0.9363 0.948fi

(0.0005) (OA0071 (0.00101 (0.00111 (000097 (Oml 11

so66z ( 50) 0.6069 x1312 OB006 :0.8%3 08793 0.9033 09235 09382
(aooosl (0.00091 cam121 (oooon roool n

60.795 (601 0.4664 06664 0.757fi 08157 08566 DBess 09097 09274
(000011 10.0013) lom1D7 (Om081 loooui

70928 1101 0.5916 0.71% 0.7859 OB347 OB69i OB%9 0.9118

81.060 

91.192 

101.32 

I L 1,46 

121.59 

131.72 

15186 

15199 

16212

17225 

18238 

19252 

20265 

25331 

303.98

(80) 

1901

( O41 

(1101 

(120) 

i 130) 

(140) 

(150) 

(1601 

(1701 

(180) 

(1901 

12001 

f 2501

):

;faaaosl 
as3zr 

f aooo9l 
 x4849 

(aoootl 
.x4618 

'i00003)

Value o[ s-t anda rd 
d e.~iation 

 ;: The most probable

(D.oaosl 
 Ob735 
(oDaoel 
 Ob365 
(DA0081 
 Db059 
[aooo7l ~

. x5839 
1000071 
 05713 
I OD0111 
 O.i668 
1000081 
 0%78 
fOD008) 
 05738 

 0.1&35 

 0.5917 

 Ob104 

 Ob250

calves

100011) 
0.7571 

fOp008) 
07306 

(aDOefi) 
a7A72 

fOD0091 
0.6873 

(OD009) 
Ob720 

(0D005) 
Ob612 

(OA0041 
06551 

f OA005) 
0.6190 

(0.00041 
06568 

(OA0041 
Ob618 
IOD004! 
Ob694 

Oblfi9 

x6900

(O.OD14) 
0.8135 
(OA011) 
0.7942 
10.0012) 
0.7767 
I O.OOl3) 
0.7fi14 
(00013? 
0.7464 

m.oolm 
0.7391 

(0.0008) 
0.7320 

(0.00101 
0.7275 

X0.00071 
0.7259 

10.00071 
0.7270 
10:00071 
07302 
(0.0004) 
0.7358 
(000041 
0.7426 
f 0.00051
0.7959

D$541 

0.6396 

0.5264 

o.aul 

0.8056

0.7972 

0.7912 

07886 

07862 

0.7855 

0.7869 

a79oo 

0.7943 

08330 

0$895

0$853 

0$749 

0.6643 

oas>7 

08465 

0.6423 

0$377 

08342 

08322 

0$335 

0$348 

0.6366 

0$3% 

08693 

09163

0.9092 

09003 

0&933 

o$a6s 

0$812 

0$766 

0$732 

08707

08694 

0$689 

0$129 

0$744 

0$768 

09021 

09425

points were calculated from these expressions by the Newto¢-Raphso¢ method. 

   These correlated values were compared with those obtained by the grid-point method. Both the 

values were in good agreeme¢t within their standard deviations, bu[ [here are slight differences at 

298.15 R and AO atm for ethane, and a[ 298.15 K and 60 atm for etheae. 

   Compared with the grid-point method, the above method of correlatio¢ is usetul for the ranges
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recommended values for the compressihility factor of ethene

Pressure

I0+ Pa farm) 273, f 5 298.15
(O) (251

1.01325 (11 0.99242 0.9944
(0.000301 (0.0003

10.132 (101 0.9215
(0.0015)

09406
(0.0011

20.265 (201 0.8284 0.8749

(0.00051 O.ODD6

30.398 (301 o.ao3o

40.530 1401
(0.0010
0.7195

Temperature ii ('C)
323.15 

1501
348.15 

U5)
373.15 
(100)

50.662 

60.795 

70.928 

81.060 

91.192 

IO1.32 

111-46 

i 2 t.59 

13L72 

141.86 

15 L99 

162.12 

172.25 

182.38 

19252 

202.65 

253.31 

303:98 

354.64 

405.30

( So 

(60) 

(701

(80) 

(901

(100) 

11101 

(1201 

(1301 

(1407 

(I50j 

(160) 

(170) 

(1801 

(1901

12001 

(250) 

(300) 

(350) 

14001

398.1.5 
(A25)

423-15 
(1501

to.oo181 
0.6190 

( 0.00031 
0.4844 

(0.00031 
0.3409 

(0.00037
0.3170

0.3273

0.345]

0.3656

0.3872

0.409fi

0.4321

0.4149

0.4777

0.5001

OS233

0.5460

0.5687

0.6798 
( 0.0033) 
0.7889 

( 0.00401 
0.8962 

( 0.00491 
L0015

0.99571 
(0.00030) 

0.9546

0.9066

0.8552 
(0.00091 
0.8013 

10.00131 
0.7436 

(0.0014) 
0.6818 

f 0.00161 
0.6171 

(0.00191 
0.5541 

(0.00221 
0.5017 

(0.00239 
0.4706 

(0.00261
0.4605

0.4622

0.47

0.4841

0.4996

0.5166

0.5346

0.5533

0,5729

0.5906 
10.0036 

0.6898 
( 0.0039 

0.7888 
( 0.0044 
o.BaaD 

( 0.0055 
0.9851

0.99661 
0.000301 
0.9647

0.9283

 0.8904 
10.00041 
 0.8518 
10.00051 
 0.8124 
10.00061 
 0.7723 
10.0009) 
 0.7323 
10.00111 
 0.6934 
(0.00131 
 0.6572 
10.00151 
 0.6255 
f 0.00161 
 0.6012 

(0.00201 
 0.5847 
( 0.00221 
 0.5756 

(0.0022! 
 0.5731 
_(0.0021) b

.5770

0.5839

0.5937

0.6055

0.6188

0.6333

0.7149 
(0.0013) 
0.8027 

(0.0018) 
0.8916 

( 0.0025 ) 
0.9802

0.99727 
0.00030
0.9720 

( 0.00011 
0.9438 

i 0.00021 
0.9153 

/ 0.00021 
0.8866 

10.0002 ) 
0.8519 

/OA0031 
0.8295 

10.0004) 
0.8017 

10.00061 
0.7749 

10.00071 
0.7497 

f 0.00071 
0.7268 

10.00061 
0-7074 

10.00051 
0.6913 

(0.00051 
0.6793 

f 0.00081 
0.6712 

(0-0009) 
0.6668 

(D.oalD1 
0.6657 

(0.0009) 
0.6679 

(0.0009) 
0.6728 

(0.0008 ) 
Ob801 

(0.0010) 
0.6889 

(0.0008) 
0.7494 

(0.0008) 
0.8233 

(0.0008) 
0.9027 

(0.0009 ) 
0.9839

0.99779 0.99822 
10,00030) (0.00030) 
0.9778 0.982( 

0.9555 0.9645 

0.9334 0,947f 

0.9114 0.9302 

0.8898 0.9136 

0.8688 0.8977 

0-8484 osaz$ 

0.8290 0.8682 

0.8108 0.8548 

0.7942 0.8421 

0.7793 0.8314 

0.7665 0.8218 

0.7559 0.8136 

0.7478 0.8070 

0.7421 0.8020 

0.7388 0.7987 

0.7379 0.7969 

0:7391 0.7969 

0-7422 0.7980 

0.7470 0.8007 

0.7896 0.8309 

0.8503 0.8800 

0.9189 D.4340 

0.9913 1.0033

955,96 (450)

506.62 1500)

607.95 (600)

709.28 1700)

810:60 (8001

(0.00581 10.0063) (0.0029) (0.0009)
1.1046 1.0813 1.0684

(0.0064I (0.0071) (0:0032)
1065 652 L0

1.2063 1.1758 1.1560
(0.0070) (0.0077) (0.0034)
1.4058 1.3615 1.3293

(0.00821 (0.0089} (0.0035)
1.6008 L5430 L4995

(0.0068) (0.0099) (0.0037)

3 i L0 702
0.0006);

\`alue of slanda rd
devia[ion

The mosl prob able"""'"'--" 
calues

1.7920 1.7208
;(OA086) (0.0107)
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Table 3 The estimated uncertainties of compressibility factor of ethane

Pressure Temperature K ('C )

105 Pa (atm)
273.15 298.15 323.15

(0) (25) (50)
348.15
(75)

373.15
(100)

398.15
(125)

423.15
(]SD)

448.15
(175)

473.15
(200)

498.15
(225)

1.01325 (I) 0.030• 0.030% 0.030% 0.030% 0.030% 0.030% 0.030• 0.030• OA30% 0.030%
10.132 (10) 0.10 0.12 0.09 0.17 0.20 0.15 0.17 0.20 0.30 0.30

20.265 (20J 0.10 0.12 0.10 0.17 0.20 0.14 0.16 0.20 0.30 030

30398 (30) 0.12 0.10 0.17 0.17 0.12 0.16 0.25 0.35 0.40

40.530 (40) 0.12 0.10 O.Ifi 0.15 0.12 0.15 0.30 0.40 0.45

50.662 (50) 0.10 0.15 0.15 0.11 0.15 D.30 0.40 0.55

60.795 (60) 0.1 I 0.14 0.14 0.11 D.15 D35 0.40 0.55

70.928 (70) 0.13 0.13 0.11 0.15 0.35 0.40 0.55

81.060 (80) 0.12 0.12 0.11 0.15 0.35 0.40 0.55

91.192 (90) 0.11 0.12 0.11 0.15 0.35 0.40 0.50

101.32 (100) D.10 0.13 0.11 D.15 0.35 0.40 0.50

I 11.46 (Il0) 0.15 D.ll 0.15 0.35 0.40 0.50

121.59 (l20) 0.17 0.1 I 0.14 0.40 0.40 0.50

131.72 (130) 0.19 QII 0.14 0.35 0.40 0.45

141.86 (140) 0.23 O.12 D.14 0.25 0.40 0.45

151.99 (150) 0.27 0.13 0.13 0.20 0.40 0.45

16212 (160) 0.32 0.16 0.13 0.20 D.40 0.45

17225 (170) 0.35 O.18 0.13 0.20 0.30 0.40

18238 (180) 0.39 o.zo 0.13 o.zo o.2s o.zs

192.52 (190) 0.44 0.20 0.13 o.zo D.25 0.25

202.65 (200) 020 0.13 o.zo 0.25 0.25

253.31 (250) 0.20 0.20 0.25 D.25

303.98 (300) 0.20 0.25 0.25

354.64 (350) 0.20

in which the number of sources available is very restricted. In the case of ethene, there was only 

one source by Michels et a1.9~ for the grid-points outside of the broken line in the table, and [he mean 

values could not be obtained by the grid-point method. Thus, for these ranges, the values obtained 

by the correlation method are presented as [Ire addi[iooal recommended values in Table 2. They are 

reconciled well with the adjacent values obtained by the grid-point method. 

   For ethane and ethene, the reliable values of Z a[ loa• pressure cannot be obtained by extra-

polating the experimental values of Z a[ high pressures to the low pressures. The authors collected 

the reliable data of the experimental second and third virial coefficients, Brand CT, at low pressure 

forethane2•'~~~>andetheneto•`ts•rs•2t•~•st•`ssl. Then using the expression:Z=ltBzPtCTP',each 

value of Z at I atm and at each experimental temperature was calculated. Their equally weighted 

mean values at the grid-points on 1 atm were calculated developing to the power series of temperature 

using the least square method. In Tables 1 and 2, [hose values are given as the recommended 

values of Z at [he normal pressure, 1.01325x lOs Pa (=1 atm), together with the standard deviations 

shown in the parentheses. 

   The original data sources are few at most of the grid-points for ethane and ethene. Thus [be 

standard deviations calculated have little signi5cance in regard to the statistical meaning and they 

showed some unreasonable irregularities at some local grid-points practically. From these viewpoints,
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Table 4 The estimated uncertainties of compressibility factor of ethene

Pressure Temperature K (•c)

1051'a (atm)
273.15

(0)
298.!5

(25)
323.15

(50)
348.15

(75)
373.15
(100)

398.15
(125)

423.15
(150)

1.01325 (i) 0.030% 0.030% 0.030% 0.030% 0.030% 0.030% 0.030%
10.132 (10) 0.10 D.11 0.05 0.04 0.03 0.10 a.10

20265 (zoJ 0.10 0.12 0.07 oD5 DD3 0.10 0.10

30.398 (30) 0.13 O.fO 0.06 0.03 0.10 0.10

40.530 (40) D.I S O.I S 0.07 0.04 o.lo D.lo

so.66z 

60.795 

70.928 

81.060 

91.192 

101.32 

I 11.46 

121.59 

13 L72 

141.86 

151.99 

162.12 

t 72.25 

t 8238 

192.52 

202.65 

253.31 

303.98 

354.64 

405.30 

455.96 

506.62 

607.95 

709.28 

810.60

(sD) 
(60) 
(70) 
(80) 
19D) 

(1001 
( I lo) 
( Izol 
(130) 
(140) 
(1501 
(160) 
t 170) 
(180) 
(190) 
(200) 
(250) 

(300) 
(350) 
(400) 
(45D) 
(500) 
(6001 
(700) 
(800)

I

D.16 

o.n 

D.L8 

oao 

022 

0.23 

0.25 

o.z7 

o.zs 

030 

0.32 

034 

036 

0.38 

0.40 

0.43 

0.48 

0-5I 

0.55 

0.57 

0.58 

0.58 

0.58 

0.55 

0.48

0.I9 
0.24 
028 
032 
0.35 
038 
0.41 
0.43 
0.46 
0.48 
0.50 
0.52 
0.54 
0,55 
0.56 
0.57 
0,69 
0.61 
0.63 
0,64 
0.65 
0.66 
0.65 
0.64 
0.62

0.08 

0.1 I 

0.14 

0.15 

0.17 

0.18 

020 

o.zz 
0.23 
024 
0.25 
0.25 
0.26 
0.28 
0.28 
0.29 
0.30 
0.30 
0.30 
0.30 
0.30 
0.30 
0.28 
0.25

0.05 

0.06 

0.07 

0.09 

O.I 1 

0.12 

0.13 

O.I4 

o.l s 

0.15 

0.16 

0.16 

O.I6 

0.16 

0.16 

0.15 

0.14 

0.13 

0.11 

0.09 

0.07

QIO 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10

0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10

it is appropriate that the values determined as below are adopted for the uncertainty or the tolerance 

instead of the standard deviations. The standard deviations were plotted in graph against pressures

za) 
2s) 
26) 
27) 
28) 
29) 
30) 
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on each isotherm. The smoothed curves were dmwa for each set of the standard deviations, with [he 

precautions to keep in harmony with those of the adjacent isotherms and to exceed reasonably most 

of points of the standard deviations. The values read from the curves were recommended as the 

uncertainties of the tabulated values of Z. They are shown in Tables 3 and 4, in the form of the 

percentage deviation calculated by the following definition 

       uncertainty = 100 x a G 

where a is [he smoothed standard deviation obtained by the method mentioned above and Z is the 

tabulated most reliable compressibility factor value. 

   The percentage deviations of the original data from the tabulated values were also calculated by ;
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      percentage deviation = 1~0(Z-Z) , Z 

where Z is [be compressibility factor interpolated from the original 

tabulated most reliable compressibility factor value. Some of them are 

and 2.
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