Reaction and Separation
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Reacting
Equilibrium
Equation

N OO = =

End
0.075861343 =B3-3CS8
0.075861343 =B4-5CS8
0.924138657 =B5+5CS38
0.924138657 =B6+3CS8
2.000000 =SUM(C3:C6)

0.924138657

Mole Fraction
0.037930672
0.037930672
0.462069328
0.462069328

1.0000000

0.000233984 =148.4-C5*C6/(C3*C4)
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C D E
End Mole Fraction
0.075861343 =B3-3CS8 0.037930672
0.075861343 =B4-3CS8 0.037930672
0.924138657 =B5+%CS8 0.462069328
0.924138657 =B6+3CS8 0.462069328
2.000000 =SUM(C3:C6) 1.0000000
T
0.000233984 =148.4-C5*C6/(C3*C4)
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Species
CcO
H20
CO2

H2
Total

Reacting
Equilibrium
Equation

N OO =

End
0.075861343
0.075861343
0.924138657
0.924138657

2.000000
0.924138657
0.000233984

=B3-8CS$8
=B4-3CS8
=B5+5CS$8
=B6+9CS8
=SUM(C3:C6)

Mole Fraction
0.037930672
0.037930672
0.462069328
0462069328

1.0000000

=148.4-C5*C6/(C3*C4)
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Species
CcO
H20
CO2

H2
Total

Mole Fraction
0.003637982
0.253637982
0.402612018
0.340112018

1.0000000

B C
B C D E
Start End
1 0.011641541 =B3-5CS8

18 0.811641541 =B4-5CS8

0.3  1.288358459 =B5+5CS8

0.1 1.088358459 =B6+5CS8

3.2 3.200000 =SUM(C3:C6)
Reacting 0.988358459
Equilibrium -8.60071E~06!=148.4~C5*C6/(C3‘C4)
Equation ('5"-5’:; 7| AEY |2 - |
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% equil_eq

function y=equil_eqg(x)

COin=1.1;
H20in=1.2
CO2in=0.1;
H2in=0.2
Kequil=148.4
CO=CQin-x
H20=H20in-x
CO2=C0O2in+x
H2=H2in+x

y=kequil-CO2+H2/(CO+H20)|

254 - & 7517

<) MATLAB Command Window

File Edit Window Help

D] o] 8|8 B 2]

Co =

8.2000

H20

8.3000

co2

H2 =

1.1000

y:

130.0667

ans =

130.0667

?equil_eq(0.9)
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[ File Edit View Debug Window Help - 5] X
D@ * =2 & 2 al@ a2 stack|
% equil_eqg
function y=equil_eq(x)
COin=1.1;
H20in=1.2
CO2in=0.1;
HZ2in=0.2
Kequil=148.4;
CO=COin-x:
H20=H20in-x;
CO2=COZin+x; " MATLAB Editor/Debugger - [C:WMATLABWbinWequil_eq.m-1 (2 |[8]fX]
H2=H2in+x; - - - : =
y=Kequil-CO2+H2/(COH20)| TN oW DA KNCow) RIS =lols
Dlc(d| &2 82 al@ &= stack)
4Ii-'_|'7:" - Table 4.15 E-ég-al'jl % equil_eq
function y=equil_ecq(x)
COin=1..
H20in=1.;
C0O2in=0.;
HZin=0.;
Kequil=148.4
CO=CQin-x
H20=H20in-x:
CO2=CO2Zin+x,
H2=HZin+x;
y=Kequil-CO2+H2/(CO+H20)|
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?format long
?fzero('equil_eq',0.5)

ans =

0.92413871189774

6CTHA| — m-file 2t= 7| (Nonstoichiometric Input)

* - MATLAB Editor/Debugger - [C:WMATLABWbinWeqg
3 File Edit View Debug Window Help

Djed| 40 &2 el 20l0E

% equil_eqg_global

function y=equil_eq_global(x)

global CQin H20in CO2in HZin Kequil
CO=COin-x;

H20=H20in-x;

CO2=CO2in+x

H2=HZin+x;
y=Kequil-CO2+H2/{CO=H20);
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2. MATLABS 0| 8%t =d7|H| Hg &S =X 7%run equil_eq_global
. global COin H20in C02in H2in Kequil
7THA| - © H517] C0in=1
H20in=1
C02in=8
H2in=0
Kequil=148.4
x=fzero('equil_eq _global’',0.5)

C0in =

H2in

Kequil =

1.484000000000000e+002

0.92413871189774
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0.9241
8THA| — m-file THE7|(;'E AHH|)
* - MATLAB Editor/Debugger - [C:#WMA v =
[ File Edit View Debug Window Help 3.9708e-013
DiE| :|=[e 82 alal.
% equil_eq_global Ico =
function y=equil_eq_globhal(x)
global COin H20in COZin H2in Kequil 08.08759
CO=COin-x
H20=H20in-x
CO2=CO2Zin+x (H20 =
H2=HZin+x
y=Kequil-CO2+H2/(CO+H20) 9.08759
9THA| - & 57| co2 =
0.9241
[H2 =
0.9241
ly =
-1.4495e-0612
X =
0.9241
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1ZtA| — m-file 2H57|(prob2.m)

MATLAB Editor/Debugger - [C:WMATLABWbIinWpr

File Edit View Debug Window Help ?2p=[1.5 2.5]
D/ ale| el [ b -
%filename prob2.m
function y2=prob2(p) 1.5000 2.5000
% vector components of p are transferred to x and y for

. ?feval('prob2’,p)
% convenience in remembering the equation

x=p(1) b -
y=p(2)
% the components of the two equations are calculated 1.5000
y201)=10x8+32y=y-3
y2A2)=x+x-exply)-4

2CHA| - & 1517] 2.5000

|_|}2 =

30.7500 -11.9325

ans =

306.75680 -11.9325



MATLAB Editor/Debugger - [C:WMATLABWbinWp
[ File Edit View Debug Window Help

Di@(E| » ||| s/t al®l &EEE)
%filename prob2.m
function y2=prob2(p)
% vector components of p are transferred to x and vy for
% convenience in remembering the equation
x=pl(1);
y=p(2);
% the components of the two equations are calculated

Y2(1)=10xx+32y+y-3;
y2(2)=x=x-exp(y)-2

45| - T 7547
7ans=feval(’'prob2’,2z)
ans =

1.0e-004 *

0.6378 -8.3016

?z=fsolve('prob2’,p)
zZ =

-1.4455 -2.4122
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?po=[08 8]
1ZtA| — m-file 2F57|(prob3.m) |po =
| bugae \5 o o

?feval('prob3‘,p)
D@ » =@ S/ a®l &lElEE| b =
%filename prob3.m
function y2=prob3(p) 1.5000
% vector components of p are transferred to ¥ and vy for
% convenience in remembering the equation
x=p(1) v =
y=p(2)
% the components of the two equations are calculated 2.5060
fl =10xx+3+y=y-3
f2=x=x-exply)-2 £1 =
y2=sgrt(fl +f1 +{2+f2)
30.7500
2CHA| - © 7517|

f2 =

-11.9325
ly2 =

32.9840
ans =

32.9840
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4. MATLABS 0| 8¢t of2] Hay AHEIUHE A (fminsearch g4 ALE)
3EHA - m-file BHE 7| (7 A QUSHD, £7| FHZHL 112 SE A - MATLAB H{F &7(2010a)
BB -0 |+ | +[11 |x|%%|0 >> p0=[1 1]
1 #filename prob3.m
2 function v2=prob3(p) pl =
3 % wector components of p are transferred to x and v for
4 # convenience in remembering the equation I 1
5 - x=p(1)
b - y=p(2) >> xvec=fminsearch( prob3’,p0)
7 % the components of the two equations are calculated
8 - f1=108x+3ey*y=3 xvec =
9 - f2=x+x-exply)-2
10— L y2RRy( f1+f1+12+12) -1.4456 -2.4122
>> ans=feval ( 'prob3’,xvec)
4THA| - & FBL7|(7E ®MAHstD 4 Al e
-1.0120e-004
f2 =
5.1047e-006
ans =
1.0133e-004




steturS B

4. MATLABS 0|23t 2] tH4 HEIHI™ Al(fminsearch S5 AFR)

5CtA| — m-file IS 7| (format long HHE AL

N

>> format long >> wxvec=fminsearch( prob3’,p0,options)
>> options=optimset( TolFun',1e-12)

Xvec =
options =
-1.445552368804647 -2.412158348039360
Display: []
MaxFunEvals: []
Maxlter: []
TolFun: 1.000000000000000e-012
>> feval ( prob3’,xvec)
1,1 e fl =
6THA| - & 1517|(;'E MAHSH e A4

1. 453059834629405e-012

f2 =

-9.089357309527763e-013

ans =

1.714459582701096e-012
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1. ExcelS 0| 8% S 2K A(YELIOF S%3)

1CHA| — =41 Q= (Stream1i} 62 X Stream20] F=Q!)

2-4CHA| - Stream32| Nitrogen2 Stream22| & A0 MEE S H5l1, Hydrogen2 Nitrogenl]
3H{, Ammonia:= 28| = 2FoIC}E HSE2 S+, Y8=2 2 BASICL

5EtA| — Stream4= Stream22} 39| ¢t

6CHA| — Stream5= 98% Ammonia, 5% Nitrogen, Hydrogen& Nitrogen2| 3Hj

7THA| — Stream62 ZtZE Nitrogen?| 2H{ 2} 3| Z H A|SIC}.

6
6 6
1 2 - 5
ﬂ Mixer M Reactor M Separator | E————)
3
1 2 3 - 5 6
Nitrogen 100.00 394.09 -98.52 295.57 148 294.09
Hydrogen 300.00 1182.27 -295.57" 886.70 443" 882.27
Ammonia 0.00 4.02 197.04 201.07 197.04 4.02
Total f 400.00 1580.38 -197.04 1383.33 202.96 1180.38

Conversion 0.25
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6 6
1 5
—_—
3
1 2 3 4 5 6
Nitrogen 100.00 134.83 -99.83 35.00 0.18 34.83
Hydrogen 300.00 404.48 -299.48" 105.01 053" 104.48
Ammonia 0.00 4.07 199.65 203.72 199.65 4.07
Total 400.00 543.38 -199.65 34373 200.35 143.38

Conversion 0.74039096
mole fraction our of reactor
Nitrogen 0101829904 =F14/SF$17
Hydrogen 0.305489711 =F15/SF$17
Ammonia 0.592680385 =F16/8FS$17

Total 1.000000000
Kp 0.05
P 220

Equation 5.38782E-07 =F26-F23/((F21*F22/3)~0.5*F27)



Nitrogen

Hydrogen

Ammonia
co2
Total

Nitrogen
Hydrogen
Ammonia

co2
Total

Inlet

Inlet

100.00
300.00
0.00
1.00
400.00

v

Zi
0.1083
0.7749
0.1168
0.0019
1.0019

Recycle

270.80
1968.51
115.54
3.80
2354.84

Conversion

=(14/5GS18
=(15/8GS18
=(16/8GS$18
=(G17/8GS$18

ri
ot
=
2
=
=
o
EN

QOut of Mixer

Out of mixer

370.80"
226851
115.54

4.80
2754.84

0.25

K-value
48
79
0.051
0.32

Reacting

Reacting

-92.70
-278.10
185.40
0.00
-185.40

terml=

(ki-1)zi

041143729
60.44435860
-0.11084259
-0.00127159

Out of reactor

Out of reactor

278.10
1990.41
300.00
4.80
2568.51

V=
term2=
(ki-1)v+1
451818971
73.21547300
0.12137841
0.37042921
f(v)=

dzLot S%)

UEE A) -oli?|E 0|8

—_—
Purge
_
Product

Recycle out of Product out of
flash separator flash separator

273.54
1988.39
116.70
3.84
2378.63

0.925839397

Ratio
0.091062421
0.825568095
-0.913198528
-0.003432753

| -0.00000077 |

4.56
2.02
183.30
0.96
189.88

Xi
0.023963795
0.010584206
0.962274529
0.005048166

1.00187070

Purge

2.7354
19.8839
11670
0.0384
23.7863

yi
0.115026216
0.836152302
0.049076001
0.001615413
1.00186993



