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Abstract — In GvdW EOS, a recently presented paper, shows that the characteristic status for spherical non-linear parti-
cle, of which the mutual behavior is known to be vdWf{van der Waals force) only, could be described well enough in the
critical region. However, in current papers, analysis has not been done on GvdW about whether it is accurate or not, even
for the particles in the linear form or those with the additional mutual behavior such as static-electricity, so there’s some
argument about the wide use of that. Therefore, in this paper, for the simulation in the critical region of Normal-alkane
group(R=methane, ethane, propane, butane) which are the particles that has a linear charateristic and Normal-amine
group(RNH,, R=methyl-, ethyl-, propyl-amine) where static-electricity is extremely shown, GvdW parameter values about
these particles are defined, and based on this simulation, we compared results to the current EOS presented recently, and
analyzed them. Through the simulation, it was shown that in case of Normal-alkane group and Normal-amine group mol-
ecules, GvdW presents an accurate critical region characteristic which is far more close to the measurement compared to
current EOSs. Especially for butane with big amount in molecules, we found out that only GvdW EOS can reach close
enough to the critical point.
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Table 1. Compared EOSs and parameters

- Equation of State which proposed by Chao[8] and needed Coefficients
P[bar] = pRT+RTBp’
where, B = A, +C,e®'D

Compound A, [em*/mol]  C, [em*/mol] D, [K]
Methanamine 15.50 -30.28 822
Ethanamine 23.50 —46.74 852
1-Propanamine 29.45 —47.51 928
2-Propanamine 28.50 —44.43 881
- Equation of State which proposed by Redlich Kwong[9]
RT a
P[bar] = -
Viu=b JTV,(V-b)
0.42748R°T>°  0.08662RT,
where, a= b ,b= R

c c

- Equation of State which proposed by Peng Robinson[10]
a

P _—
[bar] = V b V(V+b)+b(V_b)
0.457535R°T.  0.077796RT,
where, a= P ,b= P

c c

- MRK(Modified Redlich Kwong)[11] Equation of State

RT a
Plbarl = 5=~y )
0.42748023354R2Tf 0.086640349965RT,
where, a= R ,b= R

c c

- MPR(Modified Peng Robinson)[10] Equation of State

RT a

P[bar] = — —2
V-b v242bpv-b?
0.457235528921R°T.  0.0777960739039RT,
where, a= P ,b= P
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Table 2. Parameters for some n-alkane molecules at critical point
molecule formula Z,. c, a, [bar] b, [cm?]
methane CH, 0.288518 1.73158 1682.73338 26.59479
ethane C,Hg 0.284221 1.71871 1816.82544 39.09854
propane C;Hy 0.280378 1.70725 1608.76790 53.00614
butane CHy 0.273781 1.68766 1480.93877 65.21824
Table 3. Parameters for some alkyl-amine molecules at critical point
molecule formula Z, c, a, [bar] b, [em]
methylamine CH;sN 0.321210 1.83099 2396.05081 45.20425
ethylamine C,H;N 0.269882 1.67614 2233.39532 45.98312
n-propylamine C;HgN 0.298392 1.76132 1663.62181 71.68452
iso-propylamine C;HgN 0.255690 1.63455 1930.84009 53.22938
butylamine C,H; N 0.289982 1.73597 1452.94334 83.38954
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Fig. 1. Graphs for characteristic state of methane compared with GvdW, vdW, RK, PR, MRK and MPR at near critical point. (a)P-V graph;

(b)(dP/dV)-V graph.
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Fig. 2. Graphs for characteristic state of some n-alkane compared with GvdW, vdW, RK, PR, MRK and MPR at near critical point. (a)ethane;

(b)propane; (c)butane.
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Fig. 3. Graphs for characteristic state of ammonia(NH;) compared with GvdW, vdW, RK, PR, MRK and MPR at near critical point. (a)P-V
graph; (b)(dP/dV)-V graph.
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Fig. 4. Graphs for characteristic state of n-amine compared with GvdW, Chao, RK, PR, MRK and MPR at near critical point. (a)Methylamine;
(b)Ethylamine; (c)n-Propylamine; (d)iso-Propylamine.
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Fig. 5. Graph for changing phase in cc values by density of mole-
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Table 4. Compared table for some molecules which has similar molecule length
molecule methane ~ ammonia ethane methyl propane eth.yl butane prop, yl pentane but.yl
-amine -amine -amine -amine
formula CH, NH;4 C,Hq CHsN C;Hg C,HN C,H,, C;HyN CsH,, C,H; )N
nitrogen inversion - fast - midium - slow - - - -
velocity
ring form dimer - no - small - stable - unstable - unstable
dipole-moment 0 1.47 0 1.31 0 1.22 0 1.17 0 1.0
[Debye] (gas) (gas) (gas) (gas) (gas)
density [g/cm’] 0.1616 0.2350 0.2033 0.2017 0.2174 0.2477 0.2280 0.2274 0.2310 0.2337
Z, 0.288518  0.19084 0.284221  0.321210  0.280378  0.269882  0.273781  0.29839 0.269442  0.28998
b, 26.59479  13.3658 39.09854  45.20425  53.00614 4598312  65.21824  71.6845 78.79053  83.3895
Ce 1.73158 1.4521 1.71871 1.83099 1.70725 1.6761 1.68766 1.7613 1.67484 1.7360
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Fig. 6. Graphs for some n-amine compared with GvdW, Chao, RK, PR, MRK, MPR EOS and real gas data. (a)Methylamine; (b)Ethylamine;

(c)n-Propylamine; (d)iso-Propylamine.
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