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| ntroduction

B The Needs of Excess Enthalpy
> Excess enthalpy data of binary mixture are important in
understanding the nature of interactions between the molecules.
> Excess enthalpy data plays an important role in chemical

engineering process design and operation.

m System : N-alkane + 1-alkanol

> Temperature condition : 313.15K
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Types of Calorim&r

m Threetypesof calorimeter
: Batch calorimeter, Displacement calorimeter, Flow calorimeter

» Flow calorimeter

[0 To make measurements over a wide range of
pressure and temperature conditions

[0 The measurements of the excess enthalpy can
be made for gases as well as liquids

[0 To require large amounts of chemicals
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Materials

1-alkanol

n-alkane

n-octane Ethanol
1-butanol

n-decane

| sother mal
microcalorimeter
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Apparatus

m [sothermal Microcalorimeter (IMC)

> Model CSC 4400 (Calorimetry Sciences Corporation)

m Pump: aset of HPLC pump ( Model Acuflow Series 11 )
mmmP> Accuracy of flow rate : = 2%
B Auxiliary equipments
> Air bath
» Back pressure regulator
» Control gas : compressed helium gas

» Circulator ( constant temperature )
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Experimental appalﬁjs
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Block diagram of experimenﬁrappar atus

Reagent Reagent
reservoir reservoir
| HPLC Pump | | HPLC Pump |

I N

I sother mal microcalorimeter
(Model : CSC4400)

Pressure é
Gauge :

Back-pressure :
regulator : Monitoring
: Unit
Pressure
regulator
C——) Fluid line
Waste

Electrical line

Thermodynamics and Properties Lab. Dept. of Chemical and Biological Engineering, Korea Univ.



Block diagram of Iﬂt
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Schematic diagram of flowﬁxing cell,
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Procedure ’

Determination IMC
T&P Stabilization
Total Excess
Base Line
Flow Rate Enthalpy
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Comparison literature data and é%;erimental data

m To test the accuracy of calorimeter measurements,
B System : Octane+ Ethanol [ at 298.15K ]

O Redlich-Kister Correlation
k .
HE/J-mol™ =x1-%)> Al1-2%)'"
i=1

Where, x is the mole fraction of component

Al is the adjustable parameter

O Result o S . D.: 2.62%
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Redlich-Kister Correlation
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Comparison experimental data HE and literature value from n-octane + ethanol at 298.15K. e , This work ; A ,
Ramalho R.S., Ruel M.Can. J. (1968); B , Zhu S., Shen S., Benson G..C., Lu B.C.-Y (1994)
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NLF-HB Theory(f)"

Configurational partition function (£2,)

Helmholtz Free Energy(A°) derivation

Nonrandom Lattice Fluid Theory Eos

Chemical potential , Fugacity
application

Equilibria of vapor-liquid,vapor-solid,liquid-liquid phase,
and Multiphase equilibria including UCST behaviors
Heat of mixing non polar- non polar, non polar- polar, polar

- polar binary mixtures of simple and complex molecules
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NL F-HB Theory(2)

Helmholtz Free Energy ‘ expansion Expression for
' Thermodynamic properties

m Partition Function

In a three-dimension lattice,
» The coordination number : z =10
» Unit cell volume : Vi = 9.75 cm3/mol

> Effective surface area : 70 =(z —=2)r +2
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NLF-HB Theory (3)

m Configurational partition function (€2.)

Q =Q s Qg
@® rvs ([ Physical term]... Youetal. (1994)
@® Q. :[Chemicalterm] ... Extension of Veytsman statistics ( Park et al. 2001 )

= Physical term

QQC=0r0\r exp(—ﬂt{ )

2
- } (-BU®)
exp(—
IIN.I'| N_! N

]

N TN - HN%HKN L J!
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-
NLF-HB Theory (4)

= Hydrogen bonding term

M NFOO! N N(;'I|0' M N kT (N NH )
=111 HH i (R exp(=AAIN)
k=1 NkO‘ j=1 0| =1 I=1 k|

m Connection of thermodynamic function with configurational function
PA° =—InQ°
m The molar configurational internal energy for mixture

Cti
N NN I,

0>

m EXxpression of excess enthalpy
HE = (U ©+ ID\/)mixture _Z X (U “+ P\/)pure,i
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NLF-HB Theory (8)

m Physical Parameters
[1 Coordination number : z=10

[0 Lattice volume : V= 9.75 cm¥mol

LI Pure parameters (I;, &) :

=r,+r,(T-=T)+r[TIn(T,/T)+T-T,]

g /k=¢,+6T-T,)+&[TIn(,/T)+T-T,]
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Y it

NL F-HB Theory(6)

B Thebinary interaction parameters

® & z(giigjj)l/z(l_kij) ki =A+B/T

m Hydrogen Bonding Parameters
. AdHB :Uk|HB _TSdHB

Uy Sy
alcohols -251x10'3/mol | —26.53/mol
water —155%10°3/mol | —16.6J/mol

Hydrogen bonding parameters for NLF-HB EOS
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Results & Discussions (1)

Al A2 A3 A4 A5 s (J/mol)
n-Octane + Ethanol 3377.03 857384 1847.66 -1332.31 1028.53 8.62
n-Octane+ -Propanol 3587.15 -1304.61 1617.67 -2420.27 1296.63 4.13
n-Octane + 1-Butanol 3494.17 -1143.36 1211.19 -3068.19 1931.68 12.58
n-Nonane + Ethanol 3456.40 84237 1754.16 846 86 110778 9.15
n-Nonane+1-Propanol 3733.21 -1303.01 1850.12 -2333.66 1805.08 3.51
n-Nonane + 1-Butanol 3635.14 -1200.29 1548.91 -2829.08 1732.21 11.19
n-Decane + Ethanol 3635.22 -1133.00 1659.25 -366 99 1802.66 5.10
n-Decane + 1-Propanol 3917.27 -1373.34 2071.94 -2214.13 1933.90 3.28
n-Decane + 1-Butanol 3844.24 -1192.97 1984.59 -2961.96 1422.91 1297

Coefficients, Ay, and Standard Deviation, s, for the Representation of HE
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Results & Discussions (2)

€a & ec fa 1 fc Range (K)
n-Octane 100.590 0356 -0243 14594 -0019 0075 273-533
n-Nonane 101.279 0430 0081 16.171 -0027 0060 373-575
n-Decane 101.689 329 0125 17805 -0034 0057 368-598

Ethanol 34918 1791 1674 4.945 0019 -.0009 293-473
1-Propanol 90.291 1362 0827 6.523 0001 -0086 273-537
1-Butanol 39946 1917 2471 7.810 0061 0104 275-545

Pure parameters and temperature ranges of the NLF-HB equation of state
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Results & Discussi or§Z4)
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Excess enthalpy HF at 313.15K for alkane(1) + alkanol(2). Experimental data ;  , octane
+ethanol ; A , octane + 1-propanol; ®m , octane +1-butanol

Thermodynamics and Properties Lab. Dept. of Chemical and Biological Engineering, Korea Univ.



Results & Discuss or‘sr(S)
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Excess enthalpy HE at 313.15K for alkane(1) + alkanol(2). Experimental data ; e , nonane
+ethanol ; A , nonane + 1-propanol; ® , nonane +1-butanol
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Results & Discussions (6)
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Excess enthalpy HF at 313.15K for alkane(1) + alkanol(2). Experimental data ; e , decane +
ethanol ; A , decane + 1-propanol ; B, decane + 1-butanol
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Results & Discussions (3)

A (dimensionless) BXY AADH (%)
Octane + Ethanol 0.0267 9.9827 3.4988
Octane + 1-Propanol 0.0210 9.9855 29523
Octane + 1-Butanol 0.0281 9.9815 7.3946
Nonane + Ethanol 0.0279 9.9816 5.275
Nonane + 1-Propanol 0.0213 9.9853 2.263
Nonane + 1-Butanol 0.0282 9.9813 5.690
Decane + Ethanol 0.0267 9.9826 7.048
Decane + 1-Propanol 0.0215 9.9852 2.621
Decane + 1-Butanol 0.0272 9.9824 5.716

Binary interaction parameters from NLF-HB
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m Thefeaturesof thiswork

1.

All excess enthalpies have positive values and their graphical shapes
are asymmetric.

They have maximum value of the mole fraction between 0.60 ml/min
and 0.80 ml/min.

The HE data was increased for all systems with the addition of the
carbon number.

As compared the HF experimental results by following each 1-alkanol
systems, the discrepancies were wholly smaller at n-alkane systems
of mixing with 1-propanol than those with ethanol and 1-butanol.
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