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ABSTRACT

Theequilibrium chemical reactionstaken placein aconverter reactor of the
KHORASAN Petrochemical Ammoniaplant was studied using the minimi-
zation of Gibbs free energy method. In the minimization of the Gibbs free
energy function the Davidon-Fletcher-Powell (DFP) optimization procedure
using the penalty termsin the well-defined objective function was used. It
should be noted that in the DFP procedure along with the corresponding
penalty terms the Hessian matrices for the composition of constituents in
the Converter reactor can be excluded. This, in fact, can be considered as
the main advantage of the DFP optimization procedure. Also the effect of
temperature and pressure on the equilibrium composition of the constitu-
ents was investigated. The results obtained in this work were compared
with the data collected from the converter reactor of the KHORASAN Pet-
rochemical Ammoniaplant and experimental datawhich hasbeen extracted
from handbook. It was concluded that the results obtained from the method
used inthiswork arein good agreement with theindustrial dataand experi-
mental data*d. Notably, the algorithm devel oped inthiswork, in spite of its
simplicity, takesthe advantage of short computation and convergencetime.
© 2009 Trade Sciencelnc. - INDIA
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1.INTRODUCTION

Study of chemica and physica phaseequilibrium
playsanimportant rolein the chemica processdesign
such assynthetic gas production from steam reforming
of methane.

Smith!¥ classified thealgorithm for chemical reac-
tion equilibrium cal cul ationinto two main categories,
the stoichometri c and non-stoi chometric methods.

In the stoichometric methods the independent re-

actionsand their stoichometric coefficientsareknown
and the equilibrium constants are used for the neces-
sary cdculations.

In the non-stoi chometric methods the Gibbsfree
energy functionintermsof composition, temperature
and pressure will be minimized. The advantage and
drawbacks of themethods areasfollows:

1. Whileinthestoichometric method theindependent
reactions should be totally defined, in the non-
stoichometric method the necessary informationis
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thenumber of componentsandthear formation Gibbs

freeenergy.

2. Thefirg methodishighly sengtivetothevauescon-
Sidered asinitia guessesinthe phase equilibrium
cadculations. This, infact, makesthe phase chemi-
cd equilibrium cd culaionsuntracegbleand timecon-
sumable. But in the second method devel oping the
new optimization procedurethe previouspitfalls
wereremoved.

3. Inthefirst method it is necessary to havethere-
lated dataon theequilibrium congtantsfor thechemi-
cal reaction occurred inthe system and it doesn’t
lenditself to standardization so asto alow agen-
erd programto bewritten for computer solutions.
Whiteet a.2% cal cul ated the equilibrium concen-

trationinided gasphaseusng theminimization of Gibbs

freeenergy method. They converted thelogarithmicform
for Gibbsfreeenergy of systeminto aquadratic func-
tion using the Tayl or expans on method.

Dluzniewski and Adler™® devel oped theagorithm
proposed by White et al. for aheterogeneous mixture
containing threesolid, liquid and vapor phases.

Heidemann®®, minimized theGibbsfreeenergy func-
tion for the mixture of water and hydrocarbonsin a
three phasesystem (liquid-liquid-vapor) usng the Steep-
est Descant method. Gautam, and Seider!® used the
phase stability anadysismethod in order toimprovethe
minimization procedure,

Jarungthammachote and Dutta” minimized the
Gibbsfree energy and it was application to spouted
bed and spout-fluid bed gasifiers. Li et al.[® used a
non- stoichometric equilibrium model (minimization of
Gibbsfreeenergy) to predict the producer gas compo-
stionfromacirculating fluidized bed coal gasifier. An
equilibriummode for studying thebiomassgasification
with steaminafluidized bed gasifier waspresented by
Schuster et a.1¥. They concluded that the accuracy of
anequilibriummodd isaufficient for thermodynamic con-
Siderations. However, they mentioned that thermody-
namic equilibrium may not beachieved, mainly because
of therdatively low operation temperature. However,
lower temperaturesthan that may not compl etely meet
theequilibrium condition. Li et d.*® employed theequi-
librium model to predict the producer gas composi-
tions, product heeting value and cold gasefficiency for
circulating fluidized bed gasification. Thepredictionre-
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sultsshowed good agreement with experimenta data.

Inthiswork the equilibrium chemica reactionsoc-
curredinaConverter reactor of the KHORASAN Pet-
rochemica Ammoniaplant wasstudied usingthemini-
mization of Gibbsfreeenergy method. Intheminimiza:
tion of the Gibbs free energy function the Davidon-
Fletcher-Powel | (DFP) optimization procedure® us-
ing the penaty termsin thewe | -defined objectivefunc-
tion was used. It should be noted that in the DFP pro-
cedure dong with the corresponding pendty termsthe
Hessian matri cesfor the composition of constituentsin
thereformer reactor can beexcluded. This, infact, can
be considered asthe main advantage of the DFP opti-
mization procedure. Also the effect of temperatureand
pressureon the equilibrium compasition of the condtitu-
entswasinvestigated.

2. Theory

Assumingthetotal number of molesof entering com-
ponenti(F, ), temperatureand pressurethetotal num-
ber of molesof component i at equilibrium condition,
n(i) should be determined using thefollowing equations:

(th)Typ :O (1)

(GY)1p=G(n1.Ny,...ny) (2
Nc Np

G(n)=ZZn(i,i)uij ©)
j=1i=1

Thechemicd potentid of component i isexpressed

&
wi; =% + RTIn(f; /%) €)
where
p.oij = AGfij ®
u% =AG' 6)
Thefollowing objectivefunctionisused to calcu-
latetheunknown variables:
Nc Np
G(n):ZZn(i,j)Aij+RTIn(fij/f0ij)] ()
j=1i=1

Asaforementioned the DFP optimization proce-
durewas used to minimizetheobjectivefunction. Us-
ing the penalty function principletheobjectivefunction
isconvertedtothefollowing equation as:

P m
P, r 8y = F(x®)) + L(r(k))Zsz(x)+Zr(k)Gj[gj E)

j=1 j=1
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Theinteraction parametersobtained by DFP. The
iterative procedure of thismethod can be stated asfol -
lows

Startwithaninitia point H, and anxn positive defi-
nite symmetric matrix H,. Usually H, istaken asthe
identity matrix |. Set iteration number asi=1.

Computethe gradient of thefunction, Vf,, at the
point H,, and set
S =-H;Vf; ©)

Findtheoptima steplengthA.* inthedirection S
and set
Xii1=Xi +XiS, (10

Testthenew point X, for optimdity. If X, isop-
timal, terminate theiterative process. Otherwise, goto
step (5).

Updatethe H matrix as

Hi+l=Hi+Mi+Ni (]-1')
where

- 587
Mi =A‘I SITQI (12)

(HiQ)(H:Q)'
Voo ‘13’
and
Qi = VF(Xi,1) = VI(X;) = Vfi; = Vf; (14)

Set the new iteration number I=i+1, and goto step
2.

Figure 1 showsthe path of the optimization studied
inthiswork by method of the DFP optimi zation proce-
dure. Asseen the convergence obtained rapidly and with
only fiveiterations. Asmentioned beforethe procedure
used inthiswork isindependent of theinitial guess.

3.RESULTSAND DISCUSSION

—= Pyl Paper

Figurel1: Theoptimization path for reformer reactor us-
ing the DFP optimization procedure

TABLE 2: Experimental datafor theconverter reactor of the
KHORASN petrochemical Ammoniaplant in second day
Tin= 349, Tou= 411 (°C)
Feed(Mol percent) Product(M ol percent)

CO4 8.29 15.69
Cco 11.59 2.53
H, 57.1 60.71
Ar - -

CH, 0.47 0.44
N, 22.19 20.63

TABLE 3: Experimental datafor theconverter reactor of the
KHORASN petrochemical Ammoniaplant inthreeday
Tin= 350, Tou= 413 (°C)
Feed(Mol percent)  Product(M ol percent)

CO4 8.47 15.64
CcO 11.74 2.54
H, 56.74 60.33
Ar - -

CH, 0.46 0.43
N, 22.59 21.15

TABLE 4: Experimental datafor theconverter reactor of the
KHORASN petrochemical ammoniaplant in fourth day
Tin= 349, Tou= 412 (°C)
Feed(M ol Percent) Product(M ol percent)

COj 8.66 15.63

TABLES 1 to 4 representsthe experimental data (H3? ;-gg é;‘g
TABLE 1: Experimental datafor theconverter reactor of the Ay - -

KHORASN petrochemical ammoniaplant infirst day CH, 0.45 0.43

Tin=349.5, Tou= 411 (°C) N, 22.16 20.62

Feed(Mol percent)  Product (Mol percent)

CO4 9.06 15.76
CO 11.75 2.49
H, 55.67 60.34
Ar - -

CH, 0.46 0.43
N, 23.06 20.98

32 bar for the converter reactor of the KHORASN
petrochemical Ammoniaplant. Thedatacollected at
different daysof working hours of the converter reac-
tor. Figures2to 5 presentstheresultsobtained for the
equilibrium compaosition of the productsof theconverter
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Figure2: comparingtheresult of mode with output data
fronTABLE1T_, of model=410.364°Cand T, of experi-
mental =411°C
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Figure3: comparingtheresult of model with output data
fronTABLE 2T , of model=411.305°Cand T , of experi-
mental =411°C
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Figure4: comparingtheresult of mode with output data

fronTABLE3T _, of model=411.067°Cand T, of experi-

mental =413°C
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Figure5: comparing result of mode with output datafrom
TABLEA4T , of model=409.658°C and T, of experimen-
tal =412°C

reactor using the method proposed in thiswork.

As seen good agreement between the cal cul ated
and industrial resultswere achieved using the method
proposedinthiswork.

1-3Thermodynamicssystem

Thewater-gasshift reaction (WGRS):
CO+H,0—»CO,+H, (15)
AH°=-41,09 Kjmol* AG*298=-28.6 Kjmol*

Isareversibledightly exothermic chemical reac-
tion*2 with an equilibrium constant that decreaseswith
increasing temperature (Figure 6)

Sincethereaction is exothermic and reversible,
WGRSis, for thermodynamic and kinetic reasons, nor-
mally performed in two steps. Industrially, WGSRis
carried out at tow temperatureregimes, hightempera-
ture (583-803 K) and low temperature (between 473-
523 K) shift reactions.

2-3 The effects of feed temperatureinto reactor
on conversion of COto CO:

Asitisseenonfigure6, thereaction of conversion
of COto CO, inHTSreactor reachesto equilibrium at
500°C. Theequilibrium of thereactionwill leadtoan
increaseintheamount of CO exiting fromthereactor if
thetemperature of thewhol ereactor rises.

Now, theeffects of temperature on converting CO,
to CO within thetemperature range of 310-530°C un-
der congtant pressurewill bereviewed. Figure 7 shows
that comparing exit content of CO in temperature be-
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Figure6: Schematic graph of water gasshift reaction!?
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Figure 7: Comparing exit content CO in temperatures

between 310-530°C from model with experimental datal*?

tween 310-530°C which hasbeen produced with model
and experimental data.

4. CONCLUSION

Theequilibrium chemica reectionstaken placeinacon-
verter reactor of theAmmoniaunit for aspecified Pet-
rochemica Complex (PC) was studied using the mini-
mization of Gibbsfreeenergy method. Intheminimiza
tion of the Gibbs free energy function the Davidon-
Fletcher-Powe |l (DFP) optimization procedureusing
the penalty termsin the objective function was used.
Theresultsobtained in thiswork were compared with
the data collected from the converter reactor of Am-
moniaunit in aspecified petrochemica complex and
experimental datafrom handbook. It was concluded
that the results obtained from the method used in this
work arein good agreement withtheindustrial data.
Notably, thea gorithm developedinthiswork, in spite
of itssmplicity, takesthe advantage of short computa
tion and convergencetime.
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