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Comportamiento de un reactor de sintesis de amoniaco con optimizacion de sus 4 lechos cataliticos:

El objetivo es la maxima concentracion de amoniaco a la salida del tltimo lecho catalitico yyp3 g, Variando las fracciones
de quench entre 1°-2°, 2°-3° y 3°-4° lecho: f, beta; y beta, respectivamente para llegar al 6ptimo.

Copyright J.1. Zubizarreta

Base 1 kmol de entrada al convertidor

Gas de sintesis al reactor de amoniaco. Base 1 kmol de entrada al convertidor

Composicion

YnHza = 0,02

Yh2a = [1 — YNH31 — Y|;1] -3/ 4
YNz = [1 — YNH31 — Y|;1] -1/ 4
yii = 01

Condiciones de entrada

T, = 273,15 [K]+ 410 [K]

P = 137 [atm]

Condiciones de quench

Ty = 27315 [K]+ 144 [K]

Los f moles del flujo molar total pasan por el primer lecho, hasta la maxima temperatura 500 °C
Reaccion ler lecho

T, = 27315 [K]+ 500 [K]

Call JANAF['NH3'; T; : CPinus ; Hinws 5 Sines ]
Call JANAF['NH3'; T, : CPonus ; Honws 5 Sones ]
Call JANAF['NH3'; Tq : CPouus ; Haqwis 5 Sz ]

Ynmzi - Hinws + Ye2a - h ['HZ' ;T=T1] + Yanza - h ['NZ' ;T=T1] + Yy - h [’CH4' §T=T1] = YnHz2 - Honws
+ Yhzz - h ['HZ' ;T:Tz] + Ynzz - h ['NZ' ;T:Tz] + VY- h [’CH4' §T=T2]

Balance de materia segun la reaccion 3/2H2 + 1/2N2 = NH3

YnH3r oo

YNH32 =
1 - o1
Y2r — 3/ 2 - aa
YH22 =
1 - o1
yNz;l—l/Z'(Xl
Yn22 =
1 - o1
Yia
Yipg = —/—/
1 - o1

Equilibrio
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YNH3eq;1 =
e 1 - Olegl
Yuzr — 3/ 2 - oeqt
yHZeq;l =
1 - Oleql
YN2ir — 1/ 2 - Oleqgl
YN2eg1 =
1 - Qleql
Y1
yleq;l
1 - Qleql

Call JANAF['NH3'; Teq1 : CPeqiniz ; Heqinkiz ; Seqinmz |

Yauzn 0 Hanes + Yeza - W['H2' 5 T=T1] + ynoa - h[N2';T=T1 ] + yig - h['CHA' ; T=T1] = Ynnzeqa
: HeqlNH3 + yH2eq;l - h ['Hzl ;T:Teq;l] + yN2eq;l - h ['Nzl ;T:Teq;l] + yleq;l - h [ICH4I ;T :Teq;l]

R = 8314 [kJ/kmol-K]

—R - Teqa - In[Kinuz ] = Hegints = Teqi * Seqnws — 3/ 2 - [h (*H2 ;T =Tega ) - Teqa
-5 (H2 ;T=Teqa;P=1 [atm])] = 1/ 2 - [h (N2 ;T=Teq1 ) = Tegs - s (N2 ;T=Teu;P=1 [am])]

0,125 5

vire = exp | exp (- 38402 - Teqs +0541) - P - exp (- 01263 - Teqy ™ - 1598 ) - P + 300

-P
- exp (- 0,011901 - Teqs — 5,941 ) - (eXp [300 ] . )]

vine = 0,93431737 + 0,0003101804 - Teq1 + 0,000295896 - P — 2,707279x10" - Tequ~ + 4,775207x10° - P?

2

vinvz = 0,1438996 + 0,002028538 - Teq1 — 0,0004487672 - P — 0,000001142945 - Teqa1 ™ + 2,761216x107"

. p?2
Y NH3eq;1
1,5
_ [P * V1H2 - yHZeq;l ]
Kinvs = P - vineg 05
P vina - YN2eq;1 ] ’
Quench 1

Call JANAF['NH3', T3 . CP3NH3 ) H3NH3 ) SBNHB ]

f o [ynmzz - Honws + Yrzz - h (H2 5 T=T, ) + yaop - h (N2 ;T=T, ) + yi, - h ('CHA' ;T=T, )] + [1 - ]
“B1 - [Ynwea - Hanws + Yien - h (H2';T=T, )+ ynza - h (N2, T=Tq ) + yia
- h ("CH4' ; T=T, )] = [ynas - Hawz + Yros - h ('H2'; T=T; )+ ynzz - h (N2 T=T3) + yis
~h (CH4' s T=T5 )] - [f + (1 - £)- Bs]

Balance de materia

foynmsz +[1 - f] - B1 - Ynet = Ynwas - [f +(1-1)- Bl]

foYie +[1 =] B1 - Yrea = Yuas - [f +(1-1)- Bl]

foynee +[1 = f] B1-ynor = YN2;3'[f+ (1 - f)'Bl]

foyo+[1=f] -Br-via = vyiz-[f+ (1 —-F) 1]
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Reaccion 2° lecho

Call JANAF ['NHS' 7 Ta @ CPynnz ; Hanns ; Sanks ]

Yauzz © Hanns + Yezs - W['H2' ;T=T3a] + ynos - h[N2';T=T3] + yi3 - h['CH4' ; T=T3] = Ynusa - Hanms
+ Vg - N[H2;T=T4] + ynoa - h[N2;T=T4] + yiu - h ['CH4' ; T=T, ]

Balance de materia segun la reaccion 3/2H2 + 1/2N2 = NH3

YNHzz ooz

YNH34 =
1 - a2
Yhzz — 31 2 - a2
YH2a =
1 - a2
Ynes — 11 2 - a2
YN2ia =
1 - a2
Yi;3
Yig = ——
1 - a2

yNHBeq;S — YNH34 = 0,015

Equilibrio
_ YNH33 T Oleq2
YNH3egz = ——————————————
1 - Oleqg2
Yuzz — 3/ 2+ oeq2
YH2eqz =
1 — e
Yz — 1/ 2 - oeq
YN2egz =
1 — e
Yi:3
yleq;3
1 - Qleqg2

Call JANAF ['NH3'; Teqs : CPegantiz 5 Heganniz § Seqanniz |

Yauza 0 Hanns + Yuzs - W['H2' ;T=Ta] + ynos - h[N2';T=T3] + yi3 - h['CH4' ; T=T3] = Ynnzeqs
* HeganHa  + YHoeqs - h ['HZ' ;T:Teq;3] * YN2egs - h ['NZ' ;T:Teq;3] * Yiegs - h [ICH4I VT :Teq;s]

-R - Teq;3 - In [KBNH3 ] = Heq3NH3 - Teq;3 . Seq3NH3 -3/2: [h (IHZI ;T:Teq;:& ) - Teq;3
-5 (H2 ;T=Teqa;P=1 [atm])] = 1/ 2 - [h (N2 ;T=Teqs ) = Tegz - s (N2 ;T=Tes;P=1 [am])]

5

vame = exp |exp (- 3,8402 - Teqs ™ + 0541 )- P — exp (- 0,1263 - Teqs® — 1598 ) - P? + 300

-P
- exp (- 0,011901 - Teqs — 5,941 ) - (exp [300 ] -t )]

2

vanz = 0,93431737 + 0,0003101804 - Teqs + 0,000295896 - P — 2,707279x107" - Teqs’ + 4,775207x107 - P?

2

vaniz = 0,1438996 + 0,002028538 - Teqs — 0,0004487672 - P — 0,000001142945 - Teqs ™ + 2,761216x10~"

. p?
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Y NH3eq;3
15
_ [P * V3H2 yHZeq;3 ]
Kanvbwz = P - vanms 05
P - V3N2 yNZeq;3 ] '
Quench 2

Call JANAF['NH3'; Ts : CPswyuz ; Hsnuz 5 Ssnkz |

f o [ynuza - Hanns + Yrza - h (H2;T=T4 ) + ynzw - h (N2 ;T=T4 ) + yia - h ('CH4' ; T=T, )] +[1 - f]
© B2 - [yNHS;l “ Hgnwa  + Yrza - h (H2'; T=T, )+ ynz1 - h (N2 ;T=Tq )+ vy
- h ('CH4' yT=Ty4 )] = [yNH3;5 * Hosnhz  + Yhzs - h ('HZ' ;T=Ts ) + Ynzs © h ('NZ' ;T=Ts ) + Yis
~h (CH4 ;T=T5)] - [f+ (1 - f)- B2]

Balance de materia

f o Ynnga + [1 - f] “ B2 - YNHZL = YNH3S5 - [f + (1 - f)' Bz]

foViza +[1 - F] B2 Yeen = Veos - [+ (1 - ) B2]

foynea +[1 - F] B2 Ynaw = Yaos - [+ (1 - ) B2]

f'Y|;4+[1—f]'BZ'y|;1 = y|;5-[f+(1—f)-[52]

Reaccion 3er lecho

Call JANAF['NH?)', Te : CPenH3 Henkz ) SGNH3 ]

Yauzs - Hswia + Yuzs - W['H2' i T=Ts] + ynas - h['N2';T=Ts] + yi5 - h['CH4' ; T=Ts] = Ynuzs - Henms
+ Yize - N[H2' ;T=Tg] + ynze - h['N2'; T=Ts] + yis - h ['CH4' ; T=Tg ]

Balance de materia segun la reaccion 3/2H2 + 1/2N2 = NH3

YNH3s toas

YNH3E =
1 - a3
Yuzs — 3/ 2 - a3
YH2e =
1 - as
Ynos — 1/ 2 - as
YNz =
1 - a3
Yi;5
Yie = ——
1 - a3

YNH3eqs — Ynmzs = 0,015

Equilibrio
_ YnHzs t Olegs
YNH3eq;5 —_—
1 — Oegs
_ Yuzs — 3/ 2 - oegs
yH2eq;5

1 - Qleg3
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YNn2is — 1/ 2 - Oleg3

yN2eq;5
1 - Qleg3
Yis

yleq:5
1 - Qleqg3

Call JANAF ['NH3'; Teqs : CPegsniiz 5 Hegsniz § Segsnniz |

Yauzs - Hswiz + Yuzs - N['H2' ;T=Ts ] + ynos - h[N2';T=Ts] + yis - h['CH4' ; T=Ts] = Ynnzeqs
* HegsnHa  + YH2eqs - h ['HZ' ;T:Teq;s] * YN2egs - h ['NZ' ;T:Teq;s] * Yiegs - h [ICH4I T :Teq;s]

—R - Tegs - In [K5NH3 ] = Hegsnnz  — Teqs © Segsnwz — 3/ 2 - [h ('HZ' ;T =Tegs ) — Tegs
s (H2' ; T=Tegs;P=1 [atm])] = 1/ 2 - [h (N2 ;T=Teqs ) = Tegs - s (N2 ;T=Teys;P=1 [am])]

0,125

vsiz = exp |exp (- 3,8402 - Teys +0541)- P — exp (- 0,1263 - Teqs>® — 1598 ) - P2 + 300

P
- exp (= 0011901 « Teqs — 5,941 ) - (exp [300 ] o )]

2 2

vsnz = 0,93431737 + 0,0003101804 - Teqs + 0,000295896 - P — 2,707279x107" . Teqs ™ + 4,775207x10~" - P

vsnes = 0,1438996 + 0,002028538 - Teqs — 0,0004487672 - P — 0,000001142945 - Teq;52 + 2,761216x 107"

. p2
yNH3eq;5
15
B [P © VBH2 * YHzeqs ]
Ksnz = P - vsnus o5
[P © VSN2 * YN2eqs ] ’
Quench 3

Call JANAF['NH3'; T; : CPsns ; H7wmz 5 S7aks |

f o [ynias - Honma + Yize - h ('H2' ;T=Tg ) + ynze - h (N2 ;T=Tg ) + yi6 - h ('CH4' ; T=Tg )] + [1 - f]
- PBs - [yNH3;1 “ Hgnvz + Yhza - h ('HZ' y T=Tq ) + Ynz1 - h ('NZ' y T=Tq ) + Vi1
~h ('CHA' ; T=Tq )] = [Ymnuez - Hmms + Yizz - h (H2;T=T7 ) + yno7 - h (N2, T=T; ) + yi7
~h (CHA T=T, )] - [t + (1 - f) Bs]

Balance de materia

foynmas +[1 - f] Bs - Ywsa = Yawaz - [f + (1 = ) Bs]
foyue +[1 = f] Bs - Yezr = Yraz - [f+ (1 - ) Ba]
foyne +[1 - f] Bs - yYnar = Ynor - [F+ (1 - ) Ba]
foye+[1-f] Bs-yu =y [f+(1-71) B3]

Bs = 1 = B - P2

Reaccion 4° lecho y ultimo

Call JANAF['NH3', Tg . CPSNH3 ) HgNH3 ) SgNH3 ]

Yz - Howws + Yuzz - h['H2 3 T=T7] + ynoz - h[N2';T=T;] + yi7 - h['CH4' ; T=T;] = ynuss - Henms
+ Yz - h[H2' ;T=Tg] + ynzs - h['N2'; T=Tg] + yig - h ['CH4' ; T=Tg ]

Balance de materia segun la reaccion 3/2H2 + 1/2N2 = NH3
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YNHz7 T ooas

YNH38 =
1 - oa
Yhzzr — 31 2 - aa
YH2is =
1 - os
Ynzg — 112 - aa
Yn2is =
1 - oa
Yi7
y|;8 = —_—
1 - oa

YNH3eq7 — Ynuzg = 0,015

Equilibrio
_ YNH37 T Olegs
YNH3eq7 = ———————————————
1 - Oleg4
yH2;7 -3/2. Olegd
YH2eq7 =
1 - Olegd
Ynez — 1/ 2 - olega
YN2eq7 =
1 - Olegd
yl;7
yleq;7
1 - Olegd

Call JANAF['NH3'; Teq7 : CPeginmiz ; Hegrnkiz 3 Seqrnmz |

Ynuzz 0 Howes + Yuzz - W['H2' 5 T=T7] + ynar - h[N2';T=T7] + yi7 - h['CH4' ; T=T7;] = Ynnzeq?
* HegrnHa  + YHoeq7 - h ['HZ' ;T:Teq;7] * YN2eq7 h ['NZ' ;T:Teq;7] * Yieq7 - h [ICH4I VT :Teq;7]

- R - Teq7 - In [K7NH3 ] = Hegrnwz  — Teq7 * Seqrnnz — 3 /2. [h ('HZ' ;T =Teq7 ) — Teq7
s (H2 ;T=Teq7;P=1 [atm])] = 1/ 2 - [h (N2 ;T=Teq7 ) = Teqz - s (N2 ;T=Ter;P=1 [am])]

5

viie = exp |exp (- 38402 - Teq; ™™™ + 0541)- P — exp (- 01263 - Teq7 " - 1598 ) - P* + 300

-P
- exp (— 0,011901 - Teq7 — 5,941 ) . (exp [%] -1 )]

2

vine = 0,93431737 + 0,0003101804 - Teq7 + 0,000295896 - P — 2,707279x107" - Teq7~ + 4,775207x107 - P?

2

vznez = 0,1438996 + 0,002028538 - Teqy — 0,0004487672 - P — 0,000001142945 - Teq7 ™ + 2,761216x10~"

. p?

Y NH3eq;7

[P ©V7H2  * YHoeq7 ]1’5

Kz = P - vones o
P - ving  Ynoeq7 ]
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SOLUTION

Unit Settings: [kJ]J/[K]/[bar]/[kmol]/[degrees]

Maximization of y_NH3[8](beta_1,beta_2,f) 73 iterations: Variable Metric method

o1 =0,05998
o3 =0,03464
oeql =0,07217
oeq3 =0,04723

p1 =0,4952
B3 =0,2065
CP2nH3 = 50,4

CPanH3 =49,37
CPeNH3 = 48,95
CPsNH3 = 48,72
CPeq3nH3 = 49,93
CPeqg7nH3 = 49,3
f=0,5

HonHz = -25441
HanHz = -27234
HenH3 = -27935
HenHz = -28312
HeqanH3 = -26266
Heg7nH3 = -27355
KinHvz = 0,003204
KsnHaz = 0,005472
viH2 =1,034
vINH3 = 10,9772
v3aN2 =1,064
vsH2 = 1,037
v5NH3 = 0,9637
viN2 = 1,066

P =137 [atm]
SiINH3 = 226,4
S3NH3 = 224,9
SsNH3 = 225,5
S7NH3 = 225,9
SeqiNH3 = 233,7
SegsNH3 = 230,5

a2 =0,04868

a4 =0,02582
aeq2 =0,06128
oaeqs =0,03842
B2 =0,2983
CPiNnH3 = 47,76
CP3nH3 =47,12
CPsnH3 = 47,34
CP7nH3 = 47,52
CPeqginH3 = 50,92
CPegsnNH3 = 49,52
CPgnH3 = 39,27
HinHz = -29860
HsanHz = -30858
HsnH3 = -30515
H7nH3 = -30236
HeginH3 = -24509
HegsNH3 = -26974
HgnH3 = -41448
KanHz = 0,004654
K7nH3 = 0,005989
viNz =1,06

v3H2 = 1,036
v3NH3 = 0,9682
vsN2 = 1,065
v7H2 = 1,037
v7NH3 = 0,961

R = 8,314 [kJ/kmol-K]
SonH3 = 232,5
SanH3 = 230,1
SeNH3 = 229,2
SsNH3 = 228,6
Seq3NH3 = 231,4
Seq7NH3 = 230

SgNH3 = 205,1 Tq =417,2
34 potential unit problems were detected.
Arrays Table

Ti yH2;i yl;i yN2;i yNHS;i yHZeq;i yleq;i yNZeq;i yNHSeq;i Teq;i
1 683,2 0,66 0,1 0,22 0,02 0,5947 0,1078 0,1982 0,09933 791,5
2 773,2 0,6064 0,1064 0,2021 0,08509
3 662,1 0,6242 0,1043 0,2081 0,06353 0,567 0,1111 0,189 0,133 756,7
4 737,2 0,5793 0,1096 0,1931 0,118
5 669,4 0,5979 0,1074 0,1993 0,09545 0,5531 0,1127 0,1844 0,1498 742,5
6 722,9 0,5655 0,1113 0,1885 0,1348
7 675,2 0,5817 0,1093 0,1939 0,1151 0,545 0,1137 0,1817 0,1597 734,8
8 715,2 0,5573 0,1122 0,1858 0,1447

Parametric Table: Table 1
T YNH3
(K]

Run 1 720 0,1803
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Parametric Table: Table 1

T YNH3
[K]
Run 2 728,9 0,1676
Run 3 737,8 0,1557
Run 4 746,7 0,1446
Run5 755,6 0,1342
Run 6 764,4 0,1246
Run 7 773,3 0,1157
Run 8 782,2 0,1074
Run 9 791,1 0,09969
Run 10 800 0,09258
0,2
0,18
0,16 4
- 3
0,14 \
I 2
o 0,12
T
<
0,1 1
AN
0,08
0,06
0,04
0,02

650 670 690 710 /30 750 770 790 810

T [K]



