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Célculo del equilibrio liquido-vapor de una mezcla de gas de sintesis y amoniaco liquido a alta presion.

Se calcula el dew point y la composicion del liquido, dada la composicién en fase gas .

Copyright J.I. Zubizarreta.

Se utiliza la ecuacion de Redlich-Kwong modificada por De Santis & al. Ind. Eng. Chem. Proc. Des. Dev. 13, 1974
segun el articulo Calculation of Vapor-Liquid Equilibria for the system NH3-N2-H2-A-CH4

C.G..Alesandrini, S. Lynn, J.M. Prausnitz, Ind, Eng. Chem. Proc. Des. Dev. 11, 1972.

P = R*T/(v-b) - a(T)/TY/2/v/(v+b)

b; aj Pc (atm) Te (K)
NH3 24,33 111,3 405,5
CH4 45,8 190,7
H2 20,2/(1+44,2/2,016/T) 43,6/(1+21,8/2,016/T) quantum effects
N2 0,02678 15,462 33,5 126,2
A 48,0 151,2

Para amoniaco a(T) = 24,33+0,5017E6*T(3/2) y a, = 24,33
Su derivada es : da/dT = (-3/2*0,5017E6/T(5/2))

Los gases son 1=NH3,2=CH4,3=H2,4=N2,5=A
Composicién gaseosa

y: = 0,08 NH3

y2 = 0,088 CH4

ys = 0,598 H2

ya = 0,199 N2

ys = 0,035 A

A
b; = 0,08664 - 0,0820597 - 055
111,3
190,7
b, = 0,08664 - 0,0820597 - :
45,8
43,6 1
21,8
" 2,016 - T
b; = 0,08664 - 0,0820597 - :
20,2
44,2
1+—
2,016 - T |
b, = 0,02678
151,2
bs = 0,08664 - 0,0820597 - T

bm = y1 - by +y, by +ys bz +ys by +ys - bs

501700
ar = 15

Tt
190,7 >°

a, = 0,4275 - 0,0820597° -
45,8
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a; = 0,4275 - 0,0820597° - ’
20,2
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| 2,016 - T
a, = 15,462
, 151,22°
as = 0,4275 - 0,0820597° . ——
48
R = 0,0820597 [atm-m®kmol-K]
2
am = [y1 - 2433% +y, - a® +ys-as™ +ys-a” vy cas® ]y’
_ -3 501700 5
DT = - H v
2
-
am
\
p = T _ vV + bM
VvV — bM T0’5
a
15 - V“L - DT - /T
T v +hb J/kmol
Ah = | P.v-R. .T- cIn | ——M 101,325 - ————
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2
\% b R
In [vl] = In + L - c(y; - [2433 +ay ] +vy, - [2433 - aﬂo,s + Vs
V—bM V—bM Tl’s.bM
by
R
0,5 05 0,5 vV + by T
- [2433 - az |™ +vy, - [2433 -a, " +ys - [2433 -as |7 ) In|— || + ay - .
Y, by
-InV+bM>— by >—InP v
v v + by T
2
Y, b, R 05 05
In|v = In + - . - lap, - 2433 |77+ ca, + - lap, - as |
[z] {V—bM} v _ by T1’5-bM (Y1 [2 J Y2 2 Y3 [2 3]
bz
R
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\ b R
In[va] = ”{ } + - s c(y; - [ag - 2433]%° +vy, - [az - a, |*® +y; - a;
vV — bM vV - bM T . bM
bs
R
+ b T +b b
+ Y4 [az a4]°5 + Y5 [a3 a5]°'5) I (V M) + am {l v M >_ M ﬂ
v bM v v + bM
v
- In|P -
mT
2
v b R
" [V4} i ln{ } v : B 15 < lyr - [ag - 2433}0’5 +y, - [ay - azJo'S +ys - [ag
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R
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v bM \ v + bM
v
—In|P -
s
2
Y b R
nlvs] = In{ } i " 15 - (yr - [as - 2433]%° +y, - [as - 2, " +y5 - [as
VvV — bM vV — bM T™ . bM
bs.
R
05 05 vV + by T vV + by bw
cag ] +ys - lascas ] +yscas ) In || +ay - [In - }
v by 2 v vV + by
v
- In LP 'R T}
P = 200 [atm]
Vet | 'Ammonia’ |
R
1 = , . [1 - 0,89 - AcentricFactor °° ("Ammonia’ )] - exp | 6,9547 — 76,2853
Ten [ "Ammonia’ |

2 T

Teit [ 'Ammonia’

T
T [ 'Ammonia’ |

T
. Teir ("Ammonia’ )

3
+ 191,306 - ( — 203,5472 - ( ] ) + 82,7631

T 4
Teie [ 'Ammonia’ |

F = Xy - Vet ['Ammonia’ | + X, - Ve ['CHA' | + X3 - Ve ['H2'] + X4 - Ve ['N2'] + X5 - Ve | 'Argon’ ]
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G = R :[x: Tei ("Ammonia’ ) + X, « Tei ('CH4' ) + X3« Tow (H2' ) + X4« Tea ('N2') + Xs
- T (‘Argon’ )]

1 - 0,89 - [x; - AcentricFactor ('Ammonia’ ) + X, - AcentricFactor ('CH4' ) + x5 - AcentricFactor ('H2' )
0,5

T
1

+ X4 - AcentricFactor ('N2' ) + x5 - AcentricFactor (‘Argon' )]

3

R 2 R R\
T. ] - 2035472 - |T - —| +827631 - (T - —
G G G

R
exp | 6,9547 — 72,2853 - T - S + 191,306 -

(&
1

J2 = exp| 6,9547 — 72,2853 - T

R

R
- Te

R 2
G- R Xy Tew ['CH4A' | + 191,306 - | T - (
G - R - X - Tew ['CHA' ]

— 203,5472 - T-(
G—R‘Xz

H2 = 1 - 0,89 - [x; - AcentricFactor (‘Ammonia’ ) + x3 - AcentricFactor ('H2' ) + x, - AcentricFactor ('N2' )

+ Xs - AcentricFactor ('Argon’ )]%°

R ine R 2
o — Tom ['CH4' | - P
G - R Xy - Tcit ['CH4' ] G - R X+ Tow ('CH4")

DJ2 = J2 - {—72,2853 - T -

R

2
~ 2 Tew ['CHA
- Ten (‘CH& )} on ['CHA')

+ 191,306 - T2 - (2 :

G - R X
R 3
- Te ('CH4' )}

R 4
+ 827631 - T . (4 :
G- R -Xp - Teir ('CH4'")

' {G - R-x FzTcm ('CH4')T>
. 4
G- R X Ten ('CH4')} )

- 20355472 - T® . (3-
G- R )

- Tei ['CH4' | - {

- 4 Teq ['CHA' ] - {G E—— ETCm ('CH4' )r ﬂ

B2 = B2
. v ("Ammonia’ ; T=T;x=0)
413,88343 — 5,3949156 - T + 0,029121251 - T? — 0,000069651858 - T® + 6,3228243x107° . T*
- 1000 - ([H - Xz - Veir ('CH4' H : 2 Ve ('CH4' ) - [F - X2
G- R X - Tenr ('CH4')
Teit | 'CH4'
“Veie ('CH4' )] - H2 - J2 - R - i ] . H +[F = Xz - Ve ('CH4' )]
[G = R - x; « Tei ('CH4' )]

J2

~ 0,89 _ o 0,89 o
G- R X, T ('CH4' ) - . AcentricFactor ('CH4' ) - (1—H2> + ([F - Xz - Ve ('CH4' )] - G _R.
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J3 = exp| 6,9547 — 72,2853 - T

R

R 2 R
G - R X3 Tew [H2'] + 191,306 - {T . ( — ﬂ — 203,5472 - {T . (
G - R X3+ Teir ['H2'] G- R X3 Tcit |

H3 = 1 - 0,89 - [x; - AcentricFactor (‘Ammonia’ ) + x, - AcentricFactor (‘CH4' ) + x, - AcentricFactor ('N2' )
+ x5 - AcentricFactor (‘Argon’ )]%°

DJ3 = J3 - {—72,2853 - T -

R R 2
—— = Tcit ['H2' ] - { — } )
G - R - x3 - Teir ['H2'] G - R X3+ Teir ('H2')
R 2 R 3
+191,306-T2-<2[ — } - 2 T ['HZ'][ o } )
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R 8 R 4
- 2035472 - T® - (3{ — } - 3 - Tt ['HZ'][ o } )
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R 4 R °
+ 82,7631 - T* - (4 { — } - 4 - Tea ['H2'] { o } ﬂ
G- R - X3 - Teir ("H2') G- R - X3 - Tceir ("H2')

Bs = i + v ("Ammonia’ ; T=T;x=0 ) 1000
3 - 1 .
—203,3942 + 2,4117042 - T — 0,0084697111 - T? + 0,000010233186 - T° +0-T7°
J3
U TH = xs - vene (H2' )] - Ve (H2 ) = [[F = xs - ve ('H2')] - H3
0= ven (2] | o P v () ([ s ven (W2 )]
Ter ['H2
.J3 - R - cnt_[ ] +[F - X3 - Ve ('H2' )]
(H2' ) ]?

|G — R X3 - Tcnt

J3
0,89
1 - H3

- 0,89

G- R X3 Teir ("H2)- T AcentricFactor (*H2' ) - (

>+ ([F - X3 - Vo ('H2')] -

G - R X3 -
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R
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R R ?
DJ4 = J4 . {—72,2853 - T ( —— — Tea ['N2' ] { N } )
G- R X Teir [N2'] G- R x4 Tei ('N2')

2
+ 191,306 - T? - (2 { R N> } -2 Tew ['N2'] {
G - R x4 Tem ('N2°)

3 R : R )
- 2035472 - T® . [3 . e -3 Tca ['N2'] - o
G- R x4  Teaw ('N2) G- R X4 Tea ['N2')

R 3
G - R X4 Tcit ('NZ'J )

R 4 R °
+82,7631-T4-<4[ — } -4 - Tew ['NZ'][ — } ﬂ
G- R X Tea (N2') G- R X Tem (N2
v ("Ammonia’ ; T=T;x=0 )
Ba = P1 + 5 . - ;| 1000 - | [[H = x4
460 — 6,0849 - T + 0,032672 - T? — 0,000077657 - T® + 6,99x107° . T
cvei (N2 )T - 4 “veir ('N2) = [[F = x4 - ver ('N2° )] - H4 - J4 - R
G - R - Xq - Teie ('N2')
Tem ['N2']

(G - R - X4 - Tet

J4
0,89
1 - H4

- 0,89

G - R x4 Tew (N2 )- - AcentricFactor ('N2' ) - ( >+ ([F - Xa - Vea ('N2')] - G - R
- . X4 .

J5 = exp| 6,9547 — 72,2853 - T

R

R F

2
G - R - X5 - Teae ['Argon' ] ﬂ

G - R - X5 Tcit ['Argon'] + 191,306 - | T - ( — 2035472 - | T - (
G- R - X5 -

H5 = 1 - 0,89 - [x; - AcentricFactor ("Ammonia’ ) + x, - AcentricFactor ('CH4' ) + x5 - AcentricFactor ('H2' )
+ X4 - AcentricFactor (‘N2 )]®°

R

— Teie | 'Argon’
G - R X5 - Tea |'Argon' ] cit [ *Argon’

DJ5 = J5 - {—72,2853 - T - (
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R 2
-2
o T

2
- {G - R - Xs - Tciit ('Argon')} )
R 3
G - R - X5 - Teie (‘Argon’ )
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G - R - X5

- Tea [ 'Argon’ | - { — 2035472 - T® . (3

R

R 4
G- R x5 - Tewr (‘Argon’)

- {G - R - Xxs - Tear (‘Argon' )

4 5
4 R . . R
ST -(4- - 4 - Tcw ['Argon' | -
G - R - X5 - Teie (‘Argon’ ) G - R - X5 - Teie (‘Argon’ )
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Bs = P

. v ("Ammonia’ ; T=T;x=0)
483,54588 — 6,4121276 - T + 0,034018649 - T® — 0,000080038523 - T® + 7,1411916x10°° - T*

J5

- 1000 -
G- R x5 Tea (‘Argon' )

([H ~ %e - vere ("Argon’ )] - D Ve (Argon’ ) — ([F ~ Xs

Teie [ 'Argon' ]
(G = R - x5 - Tew (Argon’ )]?

- veie (*Argon’ )] - H5 - J5 - R -

H +[F = x5 - vewr (‘Argon’ )]

J5
0,89
1 - H5

0,89

G - R X5 - Teir (‘Argon’ ) - _T AcentricFactor (‘Argon’ ) - ( > + ([F — Xs - Veie (‘Argon’ )] -

atm
fii = y1 - X1 - Fugacity ['Ammonia‘ ;T=T;x=0] - 10,9869 - b - exp | v ("Ammonia’ ; T=T;x=0 )
ar
. am |6/ 7]
1 +7 - -B1:|P — Psa ('Ammonla' ;T:T)- 0,9869 - T } -1
ar
R-T-6-p1
| ] 198012  2,88498x10°
In| %2 | = _3g1649 + 198012 _
| 1000 | T T2
[ 1 2904,17 177315
in| -2 | = _987862 + =L
| 1000 | T T2
I 1 575152  1,03658x10°
In| -2 | = 432045 — Al
| 1000 | T T2
[ 1 2602,91 72
n |9 643535 + 602,91 536723
| 1000 | T T2
4405,58 482973
In[H, ] = —1,6701 + -
T2
5294,74 521881
In[Hz ] = —2,29337 + -
T2
5967,36 642828
In[Hs ] = —3,68607 + -
T2
4472,47 509281
In[Hs ] = —0,7941 + = -

T2
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0,5 05 05

X2 - Vew ['CHA' ] - a2™ + x3 - Ve [H2'] - as” + x4 - Vea [N2'] - aa® + xs - vea [‘Argon’ ] - as’®

In [Yl] = veq [ 'Ammonia’ | - ¢2

In[y2] = vew ['CHA' ] - [9° = 2 - 2™ - ¢

2 0,5

In[ya] = Vcrit ['HZ']'H) -2 a3’ '¢]

In[ya] = vea ['N2'] - [¢2 R L o]

In[ys] = ver ['Argon' ] - [¢% = 2 - 0s®® - ¢ ]

2

1
fa = y2 - X2 - Hy - exp W (413,88343 — 5,3949156 - T + 0,029121251 - T° — 0,000069651858 - T3
. atm | L8/ 7]
1+7: B2 P — Psy (‘Ammonia’ ; T=T ). |0,9869 - o -1
ar

+ 6,3228243x10°% . T* ) .
R-T- -6 - B2

2

1
fa. = ya3 - Xg - Hg - exp | —— - (- 203,3942 + 2,4117042 - T — 0,0084697111 - T? + 0,000010233186 - T3

1000

_ atm |06/ 7]

1+7-Bs-|P — P ("Ammonia’ ; T=T ) - |0,9869 - o -1
+0-T%) ar
R-T:-6- B3
1 g}
fa = ya o xa - Hyoexp oo (460 — 6,0849 - T + 0,032672 - T? — 0,000077657 - T° + 6,99x10°°
: atm |67 7]
1 +7-Ba-|P — Pg ("Ammonia’ ;T=T ) - |0,9869 - bar -1
ar

R-T-6-pa

2

1
fs. = ys - Xs - Hs - exp W (483,54588 — 6,4121276 - T + 0,034018649 - T° — 0,000080038523 - T3

1+7-Bs |P — Pg ("Ammonia’ ; T=T ) -

atm }[6'7]
-1

0,9869 - ——
bar

+ 7,1411916x107° . T* ) :
R-T- -6 - Bs

fic = vi-ys - P
fog = v2 -y, - P
fag = vz -ys - P
fac = va - ys - P

fsg = vs - ys - P
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fic = fu
fas = fa
fae = fa
fac = fa
fse = fa
5
o = 3 [x]
i=1
c =1
SOLUTION
Unit Settings: [kJ]/[K]/[bar]/[kmol]/[degrees]
am = 7,406 bm =0,02029
Ah =-9,607E+13 DJ2 =0,000001288
DJ3 =0,000002206 DJ4 =0,000001654
DJ5 =0,000001487 DT =-7,793E+09
F =0,07583 fic = 11,67
fi. = 11,67 fac = 15,97
fau = 15,97 fsc = 136,8
fa3L = 136,8 fac = 40,5
faL =40,5 fsc = 6,742
fsL = 6,742 G =32,62
H =0,5555 H2 = 0,5556
H3 = 0,5555 H4 = 0,5557
H5 = 0,5555 J =2,321
J2 =2,838E-07 J3 =2,775E-07
J4 =2,790E-07 J5 =2,765E-07
P =200 [atm] ¢ =0,1869
R =0,08206 [atm-m®/kmol-K] c =1
T =304,5 [K] v =0,1335

51 potential unit problems were detected.

Arrays Table

8 Q; b; Bi Yi H; Vi Xi Yi
1 94,42 0,0259 0,0001221 1,003 0,7293 0,974 0,08
2 31,57 14,25 0,0296 0,0001221 0,8731 1977 0,9074 0,007571 0,088
3 1,757 105 0,01589 0,0001221 0,7756 12916 1,144 0,01183 0,598
4 15,46 34,07 0,02678 0,0001221 0,8253 7927 1,018 0,005137 0,199
5 16,86 25,33 0,0224 0,0001221 0,8714 4452 0,9632 0,001475 0,035



