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| BQUATION OF STATE AND THERMODYNAMIC.
PROPERTIES OF PROPYLENE

/Following is the trenslstion of an
article by Ya. Z. Kazavchinekily and
V. A. Zagoruchenko entitled "Uravne-
niye Sosboyaniya i Termodinamichegklye
- §voystva Propilena®™ (English version .
above ) in Zhurnal Pizicheskoy Khimli
{(Journal of Fhysical Chemlstry), Vol.
S XYXIIT, Ho. 3, 1959, pages b62~66M./
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TRE EQUATION OF STATE AND THERMODYRAMIC PROPERTIES OF PROPYLENE
Yo 2. BEazacchinshis and V. 4. Zagoruchenko (Odesst)
Summary "

T the present roport an equation of state for pmpy!ené'is .pz;cypesad, baseid on the

most recent p, v, ¢ data. The equation ko

1ds for all temperatures of practical impertance

_within the limits of reduced dencity o==0—8.43,

the saturation curve up tow=:2.6 also |

belng satisfied. Thus for the first tire en eguation of state hes been obtained which is

valid hoth for the liguid end gasesus regions,

realizing not only gualitatively, but also

guantitatively the idea of the continuity in the transition from the liquid to the gaseous
phase. * : : ' ’
The equation depicts the thermal and caloric properties of propylene with o high

‘deproe of accuracy and is in agreement with the eritical poiat, the critical conditions and

alzo of! other basic conditions that shonld be satisfied by a rational equation of state
Y jual

for & real gos. The equation may be used for tubuloting in detail the thermodynamic
properties of propylene. ' :
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The equation of state for p:c*m»vlenwm@ get up
according to an earlier-deseribed method [1] and has the

-

following form in dimensiorless ccordinates:

== g byt P, | (1)

"

where -6 1g a dimensionless complex equal %o pv/ET}:; 0‘*,:,,

z

o, , ﬁ are elementary functions of- the equation depending

[

on the normalized density &8s v/vi and ¢ is an elemen-
tary functlon aepending only on the norrm-f.izaa tempors-
ture T = T/T.. |
From the analysis of the expesrimental s v, T
data of Michels and Wassenaar [2], Vaugan and Graves L},

and Marchman with cosuthors [Li,f;a] 1t was es L:!‘lbl.s.bh d by

s

ug that the temperature function for prvmpylene can be

W

represented with a sulfiiclent degree of precision in the
!
§= 5.

Further on, knowing in the coordinates & , ’m
the equations of three lsotherms (according to the nunber
‘o‘f the volumetric glementary functions SRy, Oy, ﬁ } and
¥ | havingaﬁ analytical expreésion for 41, it is possible to
obtain Very simply in an analytical way the expression

For Ky, bi.l and(&




In setbting up the squstion of state for‘pro~
pylene, the equations of igotherms found by Michels{;&}

- PR 3 . . . 4
for 100, 125 and 1E07C were used, which were cenverted
¥ b :

i}

L — s Jo g o
by ous dnte d

ensionless unlte., With this, the value of

. )
e erltical bewperature, viz.: tk = 9L.97C, vas tqkeh

]

by usg aecar@:nﬁ to Reogsinits §61 da,s; the critical den

aiby and eritical pressure wvers found by sbudying iso
chorie ocross-sechblong of the experimentel p, v, T daba

of Michels {z}, whose investigations, as iz kuown, show

o

a hmdh accuracy. & rectilinear isocchor ot a density of
d, = iﬂﬁsﬁh.gmaga units (which on?rwwpam s to 0.2081
13¢DVeveda Since in the cove ”ﬁhﬁlmkzﬁrnmmb@r“
mf roal gaasss, including ethane, @ro}qne lscbutans and
neopentane, & eritical isochor iz formed by a straight

1ine, then algo in propylene the value of denslity corrssg-

ponding to a rectilinear lsochor iz taken as the critlical

one. This wag usged for caleulating py, which was found to

be equal to L5.60 atm, actually colnelding with the value

L5.6L atm found by mgrchmwn.iﬁj.

Wilth accepted vaelues of critical parameters,

The ﬁr?t cal numbar is

- == 0,30829,
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Using the isothermic equations and performing
the ne@essary‘operatidns, in conformity with the methods
exposed in the above—menticned WOﬁk:f1],>we have found
the Tollowing expressions Tor the eleéentary functions

of eguation (1):

ag == — 1,606073 @ — 1,117667 w® 4 9,700514 o? 4 19,823288 wt -
4 17,507010 % — 7,756892 @ - 1,700014 @? —0,148421 w?,
ay =1 + 0,6935%0) @ -+ 1,082298 w? —6,796533 3 - 13,561286 «f —
— 11,870716 b 4 5,25210 »f —1,150201 @? 4 0,052907.'2: wl
ﬁ = —0,203874 o -+ 0,541331 @ 3,128434 ® 4 6,81126_{) d —
D e 8302385 o o 2,8417T79 @ — 0,823130 ? 4 0,003417 b,

The proposed equatlion of state for propylene
with the expressions found for K,, &4 and'@* transmits
with high accuracy the thermsl propérties not only at
100, 125 and 150°¢, which data were talken as a basis for
the getup of the equation, but also admits a wide extra- .
polation into the region‘of:high and ioﬁ terperatures.,
Thus, for example, the comparison of the experimental and
calculated € which was effected, showed 2 goo&‘coinciw
dence both on the side of the gas (W<C1) and on the side
of the liquid (w>1). At 25, 50 and 75°C, the average
deviations between experimental and calculated values
constituté“O;CSO,'O;b?S and 0.055%;‘respécﬁively: maximal
deviations in this case do nct'exoeed/OQiB%.‘It is in-

teresting to note that in a number of cases, at suberi-
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cal btemperatures, on the side of a ligquid @<L, ad>1) td

equation of state bebber =atisfics the experimeéntal daba

PRI " A - Y, oy o N 2 “ -

of Michels than the esqualtions of Lgotherms speclalily gelb
D T L NIV T P o oI i p - "
up by ndm Tor these tomps: ?turuu. For exarmple, ab 88.27C

the average dovistlion between the experimental valueg of
¢ end caleulated ones in relation to the eqgu ut¢0n of

stalte constibu tau C.32%, and that between exp@rﬂpanta}

P

and caleulated values in regard to the equation seb up

vy Mlchels oenly for this t@mneratwre, in.the interval

¢ .
P L o J : P o B e g : e oy g e
derdivative ot a critical polnt with an aeccuracy of ”»EJJ
N o " - - , ] ’ Jwiy
(ﬁ}g = «0,%12L = -L.0125 k), and slso gotisfies the satu-

ration curve. The comparison of thermal values mn-thé 58
turatlon curve sccording to dat@,{ai with caluuiutﬂn Ve
lues according to the equation of qtut , effected in Yhe
table, shoved that in ths vhole ramﬁa of variations of
densities of d = 0~2.5, the srror %; hetween t&augwr and
bn}euldtﬁd values of spaeifiQVVOlumeg v on the boundary
gufves does not excsed 1% with a density of @ = 2.6,

‘ S e v T o7
the divergence resches L%, For this reaoon, the eaquation

of state Tor propylens may be used on the sabturation curve

et
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Comparison of values of specifilc volumes on the
saturstion curve found according to the equabion

of stets (1) with the tabular data of Mérchman [u}

l "9"3 3 lilkg R ‘ . Vﬂs 1/}:&: f
N } . . |
t. & k 6’» Y : 8' 9” i
N £ a’am[ W W oW ) S
47,70 1,600 : 6,7% | 6,768 | —0,08 |
b 40,00 1,404 _ 4,050 | 4,955 | « 0,081
38,89 2,487 | : 3,285 | 3,274 0,308
—12.22 | 3,682 - - 1 1,885 | 4.881 | - ©0.212
— 4,44 | 5,575 1 4,820 | 1,788 § 1,76 | 1,843 | £.845 | -—0.149
. 10,00 7,685 | 4,880 | 1,850 | 4,43 | 0,976 | 0,981 | —0.542
26,67 | 14,888 | 1,980 | 1,973 | 0,379 | 0,624 | 0,828 | —0.801
C37,78 {45,486 | 2,082 | 2,080 | 0,007 | 0,472 | 0,475 | —0.63%
48,89 | 19,844 | 2165 | 2,163 | 0,002 | ©.360 | 0,360 0
60,00 | 24,978 | 2,310 | 2,206 | 0.806 | 0,274 | 0.274 o
76,67 | 34,547 | 2,620 | 2,815 | 0,494 | 0,470 | 0,469 | 0, 588
87,78 | 42,385 | 3410 | 3,146 | 0 0,406 | 0,105 | 0.943

‘A cmmparisdn was also made betwsen the values
of .6 caleulated according to the equatioﬁ of s%afe and
the experimental vélues of Vaugan and’ Graves [3] at
g: the averagé deviabion is 0.161%, and maximel devi~
ation reaches C.UB% (at the last experimental poink).
This confirmeg the validity of the proposed equation in
the region of high temperatburaes as well.

In order to verify the equation of sbtate ac~
carding‘tg the caloric data, the values U = Ug and Cy ~
Cvéé were cglcoulated and compgred with the values found

EEEa The calculations ghowed that the aversge divergence

according to U - Uy within the interval of 100-150°C is
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by 1Hchels, the fact is explained that the dive

0.05~0.02%, while according to Oy = Cpee 1t reaches 254,

The observed divergences accord Cg = Cyep are ap-

= g L S 3 e e 2 g - N A - PO
parently explained by the insccuracy of the data srrived

Ea] " o - » ,,Fu«, o Hmi 2 e
ot bj;,ff' 3 (;t,zws_,a,m hecontuse for findis V15 the calor vgloes he
“ M b B L PO K L2 Ind 3 F " <] R
vsed a graphic method for obtaining the Llrst and gecond
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scouracy. Also, by the inaccursey of the method adeopied

¥

with respect to the intringie energy, in the dsterming-

tion of which only the first derivative, (ﬁ?p/fﬁ@}vg is

used, proves to be smaller than with respect to the ther-

2

w . . 24 ) o
mal Sepacibty of Oy = Oy, whore the second derivative,

9 g/cif Jyys im veed. It 1g interesting bto note Jhaﬁ Aela)

&

srall ewu'ﬁ¢vzr ;nc*a pceur in the mid 33& of the Luwacwau

Ttake

Wl

Ture rangse, thile the greatest divergences

place at

ﬁn& @hd“ of’ the tempersture venge which, naturally, is

also caused by grephic differentiation.

Goneclusions

1. The ob Lminc equatiOﬁ of stats f@r pfcpylaﬂ%

we in
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ig valid at all t:xpﬁf& u?ﬂ

of a change of the indicated densiby of w =

7 s




= 0~3.13 and desgcribes wi th hig gh accuracy the thermal,
as well ag calovric, properties of the given substance.
2. The equation may be used for compillng

%

detbailed tables of € mmm@yﬁmm properties of propylens

necessary for engineering caleulations,
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