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1. Computation of enthalpy and entropy
from cubic EOS

The objective of this exercise is to use residual enthalpy and residual entropy obtained from an equation of state
(EOS) along with the enthalpy and entropy of the ideal state to compute the actual AjoH and A2S between
states 1 and 2. The Soave-Redlich-Kwong EOS will be used in this exercise. The chemical compound to be
considered is Ethylene.

Part I
The Soave-Redlich-Kwong EOS is given by
RT a
D e e —
P =y~ v+ M
where
1 = 0.42748 "I#[l QU-VT)% b :n_w;m"l—{. Q=048+ 157w — 017w  (2)

P is the pressure, T is the temperature, and v is the molar volume. a and b are model parameters. The subscript
¢ denotes critical. T, = T'/T. is reduced temperature and w is acentric factor. The gas constant is represented
by R.

Given the following units:

P [=] MpPa
T [ K
V [=] em%mol

¢) From the information given above, determine the units of a and b.

d) Given R = 8.31447 - 10~° m*-bar/mol-K. Adjust R such that it’s units is consistent with the remaining
EOS (1)-(2).
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2. =5.0418 [MPa]

I
T, = 282.35 [K]
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and the acentric factor is w = 0.0866 [—]. State 1 is specified by 77 = 250 K and P; = 3.0 MPa. * ( wM

a) Compute the values of a and b at state 7'y and P;.

Let's introduce the definitions ) l L\Dﬂ/ﬁ WYDV’j WH“‘SI L}(L’L )7\!9 COHWJ“IH\@ {D‘Hﬂﬂ' Some uni‘l ’$ %
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b) Compute the values of A and B at state Ty and Py. l
\
become, comec.
The compressibility factor is defined by nW'U‘ AWI m‘y mm me, orreC
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¢) Substitute (3) and (4) into (1) and manipulate till the results is on the form of a cubic polynomial aZ” +
32° +4Z +6=0. 3 3
= 3
(m =D " m
d) Use the computed results above to determine the values of o, 3, 4 and 4. Determine the three roots of the
cubic polynomial aZ® + 322 +~Z 4+ 6 = 0. Part II
e) From, e.g., Perry’s Handbook we find that ethylene is compressed liquid at state (77, P;). Based on this a) Converted to the units used in the numerical answers:
inormation, which Z-ro0t shoukd we choose a = 0.5018026474493057 J*mA3/molr2, b = 4.034179260856837e-05 mA3/mol
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E) Uamg ta 2.
b) A = 0.3484215788164907, B = 0.0582239771510175
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Then: w1, p==1, y= A-b-8, 6=-AB
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d) alpha = 1, beta = -1, gamma = 0.286807570150191, delta = -0.0202864900439328

The roots of the system are: 0.5341874428691661, 0.3604562028894567 and 0.10535635424137736
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Part 111

For example, enthalpy can be computed by X) Ajwl"‘l ihé{r-l;l‘)\j ﬂqw-h‘py\s 7 - q \\VfbD Py‘atom ,

H=H®e+H" (5)

H'® denotes the enthalpy as if the substance were in the ideal gas state. H R is a correction (residual) enthalpy J \ “'LL ” _}
. Gt A l,{slvy Sme-lies Z—rod-l»-’

that, when added to H'¢, results in the actual enthalpy, /1. Similarily for entropy:

S =584 SR (6)

Part III

We can derive expressions for residual properties from cubic EOS. For the Soave-Redlich-Kwong EOS, the f) HR = -10386.618623209526 J/mol, SR = -37.61693992912422 J/mol*K

residual enthalpy and entropy are given by, respectively
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g) Comment on the sign of the computed values for H* and S%. W\‘Ul K

f) Compute the residual properties H * and S® at state (T, P)).
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Hint: this is not a discussion related with exothermic/endothermic.
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Part IV

State 2 is saturated vapor at 75 = 170 K and P = 0.10526 MPa. a> IV\SU‘})‘V\? ‘u,@ anﬁw areﬁs;ohs l‘ﬂ_}o Pﬂhﬂy‘

For a change in state, (5) and (6) yield, respectively

ApH = ApHe + HE — HE (10) 91\/% .
A28 = AppS® 4+ SR sF (11)

where ”
ApH"® = / -(",*;ll'l‘ Part IV

T

a) dHig = -2906.6656080446505 J/mol, dSig = 13.90216352309705 J/mol*K
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For ethylene, the heat capacity is given by
(",% /R =ap+a1T + 41‘_»'1“" +a3T? + 11.1'1"I
with

8

ag = 4.221, a; = —0.008782, ag = 0.00005795, a3 = —6.729 x 1075, ay = 2.511 x 10~

a) Compute Ao H' and Ay25™.

Part V

a) Compute Ao/ and A5S from (10) and (11), respectively.

b) Tabulated values for Aj2H and A2 are, respectively, 7505.57 J/mol and 51.5212 J/mol-K. Compute the

error of Soave-Redlich-Kwong.
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a) dH12 = 7372.290407323341 J/mol, dS12 = 51.12891748393073 J/mol*K




Tobulsed ~Coluldedl | .
b) Uy gror = Tobulsed [00%

b) Error in dH12 = 1.7757 %,

=> Error in dS12 = 0.7614 %

2. Computation of enthalpy and entropy
with cubic EOS using mixing rules

Consider the binary mixture of CO2 (component 1) and normal pentane (component 2). The overall composi- 12
Amix = g g Tixj ( 1 - l":; ) (’l,“_,) -
S

Use the Soave-Redlich-Kwong equation of state (EOS) with the mixing rules

tion is z; = (.32 (zg = 0.68). Tabulated values for the components are:

COy n-Pentane

T. [K] 304.2 169.7 B = Z Hiby
P.[MPa] | 7.374 3.37 "
wl 0.225 0.252 '

The ideal gas heat capacity coefficients are:

COy n-Pentane
10 3.250 7.554 Here a; and b; refer to the pure component. For the CO-pentane mixture, k;; = k1o = 0.12.
ap 0.001356 —0.000368
ag | 0.00001502 0.00011846 Compute Ay H and A12S of the binary mixture with the states 1 and 2 specified by:
ag | —2.374 x 1078 —1.4939 x 1077
as | 1.056 x 10711 5753 x 10-11 State 1  State 2

T [K] 277 300
P[MPa] | 1.615 1.615
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where ¢,/ R = ag + a1 T + aaT? + a3T* + a4T* and R = 8.3144 (MPa- cm®)/(mol-K).
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The vesulh o Hhe cleadatione was:

dH12 = 3175.986988165758 J/mol, dS12 = 11.009916448370468 J/molxK

['am aware that the python file ig difficult to read. [ wagnt eure on how to do thie one, 2o it became «learn ag you go». Thig resulted in a chaotic

python file:
[hope it ig still good enough to get the exercise approved, even though [.do not have the exact answers, [ can see that they are in the correct

ballpark at the very leagt.



