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ABSTRACT

This research proposes a mathematical model which, use study for CO removal in
reformate gas of packed bed reactor and membrane reactor. In building mathematical
model, utilized kinetic data of catalyst condemns Pt 0.5 wt. % - Fe 0.02 wt. % on AlLO,
support beneath the hypothesis of the model that the steady state condition, model the
procedure beneath temperature condition of gas 200 OC, 1 atmoshphere pressure and 0.5
gram of Pt 0.5 wt.%-Fe 0.02 wt.% on ALO,. A membrane chooses to change compare with
the packed bed reactor for seek the efficiency for CO removal in reformate gas by
consider from the selective CO oxidation reaction. From the simulation results, the
simulation graph illustrate selective CO oxidation in membrane reactor better than packed

reactor.
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2.1 MR NHeuVvaIl3eN (Heat of reaction)

AH, =AH,  +3AnC, (T —298)

Reo > 29,

AH, =AH,  +Z&n,C, (T -298)

H2.29

AH, =AH +32n,C , (T —298)

Rycs Ru:cs > 298

NISATINAINNINIAIINTON

Tag SudasinugnNusoua ISR UIUNNAUMS

C, = atb(T+273)+c(T+273)+d(T+273)’ (M0 HmoL.K)

mani a1 Mnsfivesmnsdmsumsinnasmnnuanuieudume (€ )[11]

a3 q93 a bx10° cx10° dx10”
Tulasou N, 28.90 -0.15 0.80 -2.87
DONFIIUY 0, 25.48 1.52 -0.71 1.31
Torin H,0 3224 | 019 1.05 359
mivou'lavenlas | co, 22.26 5.98 -3.50 7.46
miveuweuenlen | CO 28.16 0.16 0.53 2.22
Talasion H, 29.11 -0.19 0.40 -0.87

'
msannadussansmsuns

9
frualimsunsidluniy Knudsen Diffusion Iodiaumsadil

T )
- (cmz*s ]) n17
mw

1

D,, =4850d

pore

° ¢ o 3 e
ﬂ75ﬂ714?51!!1]05!?11497075“1]@\7“”

° J o LY o o o 1 dy
mmmmmmmaimuﬂmmﬂmwummmiuauuauaﬂ"lcmmﬁnmiﬂa"hlu

F ~F
CO conversion (%) = L9 T COou 100

CO,mn
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MAEUIN U

3 A < d
szuvaumsnIviuldsunsuneausing (Polymath)

3 Y o o - ~ < 4
v.1 szubaumsnIFdmsunlealgnssiumvayssy Tuann:lelsmesyen

(isothermal condition)

Indep Var = w, Solved with = RKF 45, Initial value = 0, Final value = 0.5

F’ Differential equations/explicit equations Initial value
dF,.,/ dW = R, + Ry 8.829x10”
dF o/ AW = R R ygs 1.226x10°
dF oo,/ AW = R0, R s 2.698x10"
dF,,./ dW = R, 'Ry 0
dF_,/ dW = (Ro*+R,,,)/2 1.226x10°
dF,,/ dW =0 4.905x10°

R,,, = -20.53/60000 x P,"’ x exp(-18.742/R/T) -
R, = -352.8/60000 x P, "' x P, " x exp(-33.092/R/T) - -
R s = ~4,402/60000  ((Pco X Pyyo)-(Peo, ¥ P/K ) % expl- _
34.104/R/T)
K, = exp((4577.8/T)-4.33) -
F = F,tF 0, FipotFo FeotFy, -

Py, =P x Fu/F -

/F -

Piyo =P X Fippo/F,
P,,=P.x F,/F, -
P, =P xF./F, -
P, =P x F,/F, -
P, =P xF

co2

/F, -




H Yo LY d' = 3
¥.2 szuvaumshiFaimTmasealfnsanmuanssy Tuanizgumgiily

A ya v a4 ) »
!ﬂﬁ’t‘ldﬂ{]ﬂﬁﬂﬂﬁﬂdﬂ (nonisothermal condition)

Indep Var = w, Solved with = RKF 45, Initial value = 0, Final value = 0.5

Differential equations/explicit equations Inmtial value
dF,,/ dW = R, *R s 8.829x10°
dF o/ dW = R oR yes 1.226x10°
dF o,/ AW = -R o, +R yes 2.698x10”
dF,,/ dW = R, R, s 0
dF,/ dW = (R, +R,,)/2 1.226x10°
dF,,/ dW =0 4.905x10°

R,, = -20.53/60000 x P_,"* x exp(-18.742/R/T) -
R, = -352.8/60000 x P, "' x P, ** x exp(-33.092/R/T) -
R, s = “4402/60000 * (P o * Py, )-(Peo, * Py/K ) x expl(- -
34.104/R/T)
K, = exp((4577.8/T)-4.33) -
dT/AW = ((Hrgg X (-Reo)+(Hry, X (-Ryp)) 473
HHI, s % (R (Fyyy X Cpyp)H(Fpyo X Cpypyo)

+(Fgy X Cpoy)HF g, % CPeor)HF o X CPeo)H(Fy, X Cpyy))
Fo= FitF oo tFiotFotFeo g B
P,, =P xF,/F, -
P, =P xE,,F, -

H20 H20

P,,=P x F_/F, -
P, =P, x F./F, -
P, =P, x F/F, -
P, =P, x F_,/F, -
Cp,,= (25.48+(1.520 x 10" x T) -
+(-0.7155 x10” x T x T)+(1.312 x 10°x T x T x T))/1000
Cp,, = (29.11+(-0.1916 x10” xT)+(0.4003 x10” x T x T) -
+(-0.8704x10” x T xT x T))/1000
CPeoy = (22.26+(5.981 X107 xT)+(-3.051 x10” x T x T) -

+(7.469 x10° x T x T x T))/1000




Differential equations/explicit equations

Initial value

Cpy0 = (32.24+(0.1923 X107 XT)+(1.055 x10” x T x T)H(-

3.595 x10°x T x T x T))/1000

Cpeo = (28.16+(-0.1675 x10” XT)+(0.5372x10° x T x T)+(-
2.222 x10” x T x T x T))/1000Cp,,

H,, = 283 X 10+H(CpgyyCpeo-(0.5 X Cp,,)) x (T-298)

H, s = 41.1 X 10" +(Cpyyy0-CPeo)(CPeoy*Cpyy)) X (T-298)
H,, = 242 x 10" H(Cp,,,-Cpy, (0.5 x Cp,,)) x (T-298)

k=02
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3 Y o o d' = ¢ 4' - ¥
¥.3 sznuaumsﬁ‘lﬁvmmmﬂsmﬂgnsmsmumamaﬂwm

Indep Var = w, Solved with = RKF 45, Initial value = 0, Final value = 0.5

Differential equations/explicit equations

Initial value

AW/ dw=((R,,* R y6s)/2/pi/L/Dy,)-u
dC,./dw=u

du /dw = ((Ry"R,y65)/2/p/ LD,
dC./dw =u,

du,/dw = ((-Reo R, ye) 2/PIL/D o,)u,
dC..,/dw =u,

du,/dw = ((R;,"R_y5)/2/pVL/Dy;,0)-u,

dC,,,/dw = u,

20
du/dw = ((Ry,,+R ., J/4/pi/L/D,)-u,
dC,/dw =u,
du/dw = -u;
dC,,/dw = u,

(112)

D,,, = 4850 x D x (T/MWh2)

($12)]

Dco = 4850 x D x (T/MWco)

Dco2 = 4850 x D x (T/MWco2)"?

(1/2)

Dh20 = 4850 x D x (T/MWh20)
Do2 = 4850x D x (T/MWo2)"”
Ph2 =P x Ch2/Ct

Po2 =P x Co2/Ct

Ph2 o=P x Ch20/Ct

Pco2 =P x Cco2/Ct

Pco =P x Cco/Ct

Pn2 =P x Cn2/Ct

Pt =1

Ct = Ch2+Cco+Cco2+Ch20+Co02+Cn2

Rh2 = -20.53/60000 x Po2" x exp(-18.742/R/T)

Rco = -352.8/60000 x Pco ™ x Po2 ™ x exp(-33.092/R/T)

0
24.184795
0
0.3224639
0
6.4492787
0
0
0
0.161232
0
2.7409434
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Differential equations/explicit equations

Initial value

Rrev = -4402/60000 x ((Pco x Ph20)-(Pco2 x Ph2/Kp)) x
exp(-34.104/R/T)

Kp = exp((4577.8/T)-4.33)
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