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CU}r=D=m uOW|my; |x]kv x@ uOWl}ORv u=wD|t =Q Qt= u}= p}rO "OQPo|t
|}=tO |xOwOLt "OQm u=wva 775�C |q=@ |=y=tO QO s}v=D}D |x}=B Q@ C}=mUwQB
xOwOLt u}= QO =Q} R "CU= 750�775�C ?U=vt xOR=@ uOQw; CUO x@ |=Q@ xv}y@
u=wD|t QF= u}= x}HwD QO "OUQ|t OwN Q=Okt u} QDW}@ x@ uS}Um = w u=Dt p}O@D
u}rw= uOQm =OH |xrLQt 'u=Dt p}O@D QO CaQU |xOvvmpQDvm |xrLQt xm OQm u=wva
QO "OwW|t sy=Qi pta u}= |=Q@ sRq |SQv= =tO V}=Ri= =@ w CU= u; R= uSwQO}y
j@=]t "CU= Qo}O |=yu@ QmwQO}y R= QDW}@ ur}D= |Q=O}=B '|}=tO |xOwOLt u}=
u=wD|t =Q V}=Ri= u}= &O@=}|t V}=Ri= =tO V}=Ri= =@ ur}D= |Q}PBVv} Ro 9 pmW
?U=vDt C2 C=@}mQD p}mWD xm OvyO|t u=Wv 5 w 4 |=yVvm =w :OQm x}HwD u}vJ
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|tR

Qu
QDU
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v]w

|ra
'|Q

=DNt
R=vQy

W jtasm lJwm |=yQoVvm =w =} sm p}O@D |=yu=R}t QO |[Qi u}vJ xm OUQ|t Q_v
sy nQR@ |=yQoVvm =w QO Qo = |DL 'Ovm |=yVvm =w OQwtQO ,qFt "CU= jO=Y
x=Qty R}v O=wt |@Uv ?}mQD O=} R C=Q}}eD =@ xm QiY xHQO |=yVvm =w =} OQ}o@ s=Hv=
'|r}Uv=Qi}O QoVvm =w l} QO V}=tR; Qy |=Q@ "Ovm|t jOY QwmPt ZQi 'OW=@

:Ow@ Oy=wN 6 |xrO=at CQwYx@ |@r=k u=} QH OQmrta |xrO=at
w
FA0

=
Z xA;out

xA;in

�dxA
�rA = xA;in � xA;out

(�rA)av
(6)

p=ta= xm OW=@ O=} R |}xR=Ov= x@ QoVvm =w pN=O QO Vvm =w CaQU C=Q}}eD Qo =
jOY |r=QoDv= QoVvm =w ZQi OW=@ |t=Rr= Vvm =w |xar=]t VwQ QO C=Q}}eD
p=}U |@Uv ?}mQD xm OwW|t xOy=Wt |t=ovy ,qwtat |D=v=Uwv u}vJ "Ovm|t
QoVvm =w QO "OW=@ xDW=O |O=} R C=Q}}eD QoVvm =w R= Qw@a s=ovy QO xOvwW?}mQD
u=Dt p}O@D OYQO Q=Owtv =OD@= O}=@ hQYt CaQU uOQw; CUO x@ Qw_vtx@ |r=QoDv=
T=tt ?}W u}}aD w |vLvt u} QDy@ Qw@a =@ TBU &OwW sUQ w/FA0 ?ULQ@

"O};|t CUO x@ 7 |x]@=Q T=U=Q@ xA Qy <=R= x@ Vvm =w CaQU 'x]kv Qy QO
�rA = dxA=d(w=FA0) (7)

C_re p=QoDv= |=R=x@ Vvm =w CaQU |=Q@ |Q=Okt V}=tR; Qy R= ?}DQD u}= x@
|=Q@ xm |rm |m}Dv}U |=ypOt [19]"OwW|t pY=L QoVvm =w pN=O QO =yQoVvm =w

:OvDUy pOt 6 pt=W 'Ov=xOW xDiQo Q_vQO |y=oW}=tR; |=yxO=O =@ j@=]D
[16]TD} Qo pOt "1

[17]=} Q=t=Dv=U pOt "2
[18]=wW w nvJ pOt "3

[19]|v=wD pOt "4
[20]=wm|QD =} Q=t pOt "5

[21]p}ovq pOt "6
OQ}o|t CQwY |r=m}O=Q Q=mwR=Ul} j@] OCM Ov}=Qi |R=o R=i |=yVvm =w
|m}Dv}U |=ypOt j}kLD u}= QO "CU= |}=OD@= |=yVvm =w |O=} R O=OaD pt=W xm
CqwYLt O}rwDCaQU 'u=Dt hQYtCaQU Q@ ptDWt w 'RmQtDt CQwYx@ =Q Ov}=Qi

"OvQ}o|t Q_v QO 1 pwOH j@=]t COX ?wr]t=v CqwYLt w C2+ ?wr]t
Ov}=Qi |m}Dv}U |=ypOt =@ |y=oW}=tR; G}=Dv j@=]D Qw_vtx@ j}kLD u}= QO
sD} Qwor= w CQ=wmQ=t VwQ xrtHR= 'hrDNt |OOa |=yVwQ =@ |R=Uxv}y@ R=OCM

"CU= xOW xO=iDU= 'l}DvS
CQ=wmQ=t VwQ "1"2"3

ẁtHt pk=OL |]NQ}e p}rLD '|R=Uxv}y@ |=yVwQ R= |m} CQ=wmQ=t VwQ
u}= x@ |R=Uxv}y@ |=Q@ "OQ=O OQ@ Q=m |]N Q}e p�=Ut pL QO xm CU= C=a@ Qt
TOL l} 'Ovm|t xO=iDU= Matlab Q=Ri=sQv QOlsqcurve�t QwDUO R= xm VwQ
OwW|t xO=O u=Wv u; |xr}Uwx@ =]N u=R}t xm |QDt=Q=B "CU= R=}v OQwt �x0� x}rw=

:OQm h} QaD u}vJ =Q u; u=wD|t Q=YDN=x@ xm CU= 10xOv=t|k=@ Q=Okt
|ak=w Q=Okt � xOW x@U=Lt Q=Okt � xOv=t|k=@ Q=Okt �8�
QDW}@ xOWxv}y@ |=yQ}eDt CkO x@ 'OW=@ QDsm xOv=t|k=@ u=R}t xJQy CU= |y}O@
umtt w CU= T=UL x}rw= |=yTOL x@ C@Uv VwQ u}= "OQm u=v}t]= u=wD|t

"OwW =Qoty |rLt |xv}y@ Q}O=kt s=O QO CU=

w CH4/O2�2 QO uS}Um = w u=Dt p}O@D OYQO Q@ Ct=k= u=tR Q}F-=D "10 pmW
"T�775�C

CH4/O2�2 QO CqwYLt xOR=@ w |Q}PBVv} Ro Q@ Ct=k= u=tR Q}F-=D "11 pmW
"T� 775�C w

?@U 'V}=Um = |=Q@ ?U=vt |=[i O=H}= p}rOx@ Ct=k= u=tR V}=Ri= "OwW|t
"�11 pmW� OwW|t ?wr]t CqwYLt xOR=@ w u=Dt p}O@D OYQO V}=Ri=

xOR=@ u=R}t u} QDW}@ 'hrDNt |D=}rta \}=QW QO Ov}=Qi s=Hv= x@ xHwD =@
pY=L Q} R KQWx@ |D=}rta |=yQ}eDt s}_vD =@ ��27 99� C2 ?wr]t CqwYLt

:OW
750�775�C :|}=tO |xOwOLt

2 :uS}Um = x@ u=Dt C@Uv
100min�1 :160ml/min l =QwN |@O QO R=o |}=[i CaQU

Vvm =w CaQU uOQw; CUO x@ |@ QHD |=yVwQ "2"3
|R=o p}O@D u=R}t |Q}oxR=Ov= pt=W,qwtat |DU}r=D=m Vvm =w |xar=]t |@ QHD VwQ
u=} QH ẁv Qy R= "Ovm|t Qw@a sw=Ot Qw]x@ Ot=H CU}r=D=m QDU@ l} R= xm CU=
p@=k Vvm =w CaQU CQwY u}=Q}e QO "OQm xO=iDU= u=wD|t u; uOw@swrat \QW x@
uOQw; CUO x@ |=Q@ R}v xDUw}B=v |=yQoVvm =w R= u=wD|t |DL "Ow@ Oy=wNv x@U=Lt
hOy u}= s=Hv= |=Q@ =yv; R= u=wD|t xm |}=yQoVvm =w "CUH xQy@ Vvm =w CaQU

"|r=QoDv= QoVvm =w w |r}Uv=Qi}O QoVvm =w R= Ov=CQ=@a CiQoxQy@
\=kv s=tD QO Vvm =w CaQU uOw@C@=F ZQi =@ |Q=H *|r}Uv=Qi}O QoVvm =w
x@ CU= C_re `@=D Vvm =w CaQU xm u}= x@ xHwD =@ "OwW|t XNWt u; pN=O
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R=Ux

v}y@"OCM Ov}=Qi |rm l}Dv}U |=Q@ |O=yvW}B CaQU |=yxrO=at "1 pwOH
u=Dt hQYt CaQU �COx� ?wr]t=v CqwYLt O}rwD CaQU �C2+� ?wr]t CqwYLt O}rwD CaQU pOt s=v

(7 607� 105) exp�(27600=T )

(1 29� 109) exp�(36100=T ) (5 367� 104) exp�(26100=T )

=Dv=U
:C1 04
CH4 :C

2 05
O2 :T

3 09
:C0 53
CH4 :C

3 7
O2T

4 23+ :C1 04
CH4 :C

1 78
O2 :T

2 82+

=} Q=t0 622 exp�(14900=T ) (1 464� 104) exp�(26200=T )

:C0 95
CH4 :C

1 33
O2 :T

0 38 :C1 18
CH4 :C

1 62
O2 :T

2 78

KjP
mi
CH4 :C

nj
O2 KjP

mi
CH4 :C

nj
O2 KjP

mi
CH4 :C

nj
O2 |v=wD

�2(K5:P 1 251
O216

K5:P 1 251
O24

K5:P 1 251
O216

p}ovq
0@ 1 +

8K2(CP =CT )PCH4
K3:P 1 251

O2

!0 5
� 1
1A2 0@ 1 +

8K2(CP =CT )PCH4
K3:P 1 251

O2

!0 5
� 1
1A 0@ 1 +

8K2(CP =CT )PCH4
K3:P 1 251

O2

!0 5
� 1
1A2

�8S�K6(CP =CT )PC2 )K5:P 1 251
O24

+16S�K6(CP =CT )PC2 �8S�K6(CP =CT )PC2
0@ 1 +

8K2(CP =CT )PCH4
K3:P 1 251

O2

!0 5
� 1
1A

0 015 exp(�6134=T ):C0 4
CH4 :C

1 5
O2 + 1� 10�4 exp�(�722=T ):C0 8

C2H6 :CO2+ 0 6 exp�(11908=T ):C0 8
CH4 :C

1 1
O2 + w nvH

2:(0 6 exp(�11908=T ):C0 8
CH4 :C

1 1
O2 ) 0 015 exp(�6134=T ):C0 4

CH4 :C
1 5
O2 1� 10�16 exp(�26461=T ):C0 8

C2H4 :C
1 6
O2 =wW

0 016 exp(�100=RT )P 0 9
CH4 :P

0 3
O2 + 0 02 exp(�70=RT )P 0 5

CH4 :P
1 5
O2 + 0 016 exp(�100=T )P 0 9

CH4 :P
0 3
O2� TD} Qo0 2 exp(�150=RT )P 1 4

C2 :P
0 7
O2 0 2 exp(�150=RT )P 1 4

C2 :P
0 7
O2 0 02 exp(�70=RT ):P 0 5

CH4 :C
1 5
O2

7 09� 106 exp�(27661=RT )P 0 5
CH4 :P

0 5
O2 + 7 09� 106 exp�(27661=RT )P 0 5

CH4 :P
0 5
O2 3 54� 108 exp�(39800=RT )PCH4

=} Q=t
2� 3 54� 108 exp�(39768=RT )PCH4 =wm |QD

|=[a= R= 18O}OH |=[a= O}rwD |=Q@ |iO=YD C=Q}}eD |QUl} O=H}= �O
&19|r@k

"O}OH pUv l} O=H}= |=Q@ 'O}OH |=[a= x=Qtyx@ =[a= uOQmu}Wv=H �x
[25]"OwW|t Q=QmD jwi pL=Qt 'lOv= |=]N OwHw =@ hOy x@ uO}UQ =D "3

j@] jwi VwQ QO \UwDt h=QLv= jr]t QOk u=R}t w C=a@ Qt ẁtHt pk=OL
%OwW|t x@U=Lt 10 w 9 |=yxrO=at

 min =
nX
i=1

����rexp;i � rmodel;i����2 (9)

AARDyi = 1
N

NX
i=1

����yiEXP � yimod elyiEXP

���� (10)

|]N Q}e CQwY QO w CU= xDU@=w Q=}U@ x}rw= TOL x@ CQ=wmQ=t VwQ xm =Hv; R=
j@=]D Qw_vtx@ 'OwW =Qoty |rLt |xv}y@ Q}O=kt s=O QO CU= umtt pOt uOw@
pOt w xOW xO=iDU= l}DvS sD} Qwor= VwQ R= OwHwt |=ypOt =@ |@ QHD |=yxO=O

"OwW|t xOy=Wt 2 pwOH QO u; G}=Dv xm CU= xOW ?=NDv= ?wr]t
jr]t QOk w C=a@ Qt ẁtHt pk=OL 'OwW|t xOy=Wt 3 pwOH QO xm u=vJ
x@ C@Uv =} Q=t=Dv=U pOt QO u=Dt p}O@D OYQO w CqwYLt xOR=@ \UwDt h=QLv=
|QD?wr]t G}=Dv |=Q=O pOt u}= R= Oa@|v=wD pOt "CU= Q=Okt u} QDsm Qo}O |=ypOt

"CU=ypOt |x}k@ x@ C@Uv
VwQ QO |@=NDv= pOt w |@ QHD |=yxO=O j@=]D G}=Dv 15 =D 12 |=yQ=Owtv QO
?wr]t CqwYLt |Q}PBVv} Ro w u=tOv=Q 'u=DtCaQU 'p}O@D OYQO Q}O=ktl}DvS
OYQO |=]N xv}W}@ OwW|t xOy=Wt xm u=vJ "CU= xOt; hrDNt |=y=tO QO
|=Q@ '��15 |@ QHD G}=Dv w |R=UpOt R= pY=L ?wr]t CqwYLt |Q}PBVv} Ro

l}DvS VwQ "2"2"3
"OwW|t xO=iDU= GA QwDUO R= Matlab Q=Ri=sQv QOl}DvS VwQx@ |R=Uxv}y@ |=Q@
|D=}YwYN xrtHR= Qt=u}ty wCU}v |QwQ[ x}rw=TOLuDiQo Q_v QOVwQu}= QO
OL u}}aD VwQ u}= QO xD@r= "OR=U|t KHQ= =yVwQ Q}=U Q@ =Q VwQ u}= xm CU=
VwQ u}= QO |R=Uxv}y@ OQmrta |xwLv xm =Hv; R= "OQ=O CQwQ[ 12u}}=B OL w 11q=@
|=yQDt=Q=B R= |QYDNt KQW 'OQ=O =yVwQ Q}=U x@ C@Uv |Dw=iDt ,=@} QkD Q=DN=U

%Ow@ Oy=wN xO}=i O}it u; QO xO=iDU= OQwt
"CU= hOy OQwt u; uOQmxv}y@ xm CU= |a@=D %13hOy `@=D

"OwW|t XNWt hOy `@=D Q=Okt u; \UwD xm |}x]kv Qy %Individual

O}=@ xm |}=yQ}eDt O=OaD =@ =yv; O=OaD xm �individuals� \=kv R= |i}OQ %14C}atH
l} 'OW=@ u}at R}v �m� 15C}atH xR=Ov= Qo = p=L "CU= u=Um} �n� OwW xv}y@

"O};|t CUOx@ uwDU m w Q]Un |w=L T} QD=t
w xDiQo CQwY C}atH |wQ Q@ C=@U=Lt |QUl} 17Q=QmD Qy QO %16O}OH pUv
O}OH pUv l} 'O}OH C}atH Qy O=H}= =@ "OwW|t pY=L O}OH C}atH l}

[24w23]"CW=O Oy=wN OwHw
%R= CU= CQ=@a l}DvS sD} Qwor= |=y|oS} w

=@ =Q OwN Q=m 'x}rw= TOL uwO@ xm CU= Q=OQwNQ@ C}r@=k u}= R= VwQ u}= "1
"Ovm R=e; CU= C}atH QDt=Q=B xOwOLt QO xm |iO=YD |x}rw= TOL

pUv l} w xOW xO=iDU= pUv u=ty �individuals� |=yxO=O R= 'xrLQt Qy QO "2
%CU= u}vJ xrLQt u}= QO OQmrta |xwLv "OwW|t pY=L O}OH

&hOy `@=D \UwD C}atH R= w[a Qy VRQ= |x@U=Lt �hr=
&w[a Qy VRQ= |xU}=kt �?

&=yv; VRQ= T=U=Q@ =[a= uOQm?DQt �G
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W ?}=Q[ "CU= xOW xO=iDU= jr]t |=tO Tma w CaQU |x]@=Q sD} Q=or Q}O=kt
?}=Q[ OwW|t xOy=Wt xm u=vJ "CU= xOW GQO OQwt Qy QO R}v �r� uw}UQoQ
R= |wQ}B QO |@ QHD |=yxO=O ?wN |oDU@sy Qou=Wv xm xOw@ 1 OwOL uw}UQoQ

"CU= |]N sD} Q=or pOt
Ki = Koi � exp(�Ei=RT ) (14)

pOt |@ QHD Q}O=kt =@ |R=UpOt R= pY=L u=Dt p}O@D OYQO |xU}=kt "12 pmW
"hrDNt |=y=tO QO =} Q=t=Dv=U

|@ QHD Q}O=kt =@ |R=UpOt R= pY=L C2 CqwYLt xOR=@ |xU}=kt "13 pmW
"hrDNt |=y=tO QO =} Q=t=Dv=U pOt

Q}O=kt =@ |R=UpOt R= pY=L C2 CqwYLt |Q}PBVv} Ro |xU}=kt "14 pmW
"hrDNt |=y=tO QO =} Q=t=Dv=U pOt |@ QHD

|=tO QO |y=oW}=tR; |=yxO=O =@ j@=]D QO |m}Dv}U |=ypOt xU}=kt "2 pwOH
"725�C

\UwDt h=QLv= \UwDt h=QLv= ẁtHt pk=OL pOtp@O@D OYQO CqwYLt xOR=@  min C=a@ Qt |m}Dv}Uu=Dt ?wr]t (mol/gr.min)2

0 069 0 089 5 11�10�8 =} Q=t=Dv=U
0 18 0 24 2 41�10�7 |v=wD
0 19 0 57 1 6�10�7 p}ovq
0 388 0 394 2 4�10�7 =wW w nvJ
0 73 0 67 1 22�10�7 TD} Qo
0 994 0 996 9 6�10�7 =wm |QD =} Q=t

"725�C |=tO QO =} Q=t=Dv=U pOt QO l}DvS sD} Qwor= |=yQDt=Q=B "3 pwOH
10000 %pUv O=OaD 30 %C}atH R}=U

 min = 5 11� 10�8 C=a@ Qt ẁtHt pk=OL
Q}O=kt TOL q=@ OL u}}=B OL

=yQDt=Q=B pOtxOW xv}y@ x}rw= �upper �lower

�X0� bound� bound�
0 083 0 001 10 0 K1�104

pOt

0 008 0 001 10 0 K2�104

=} Q=t=Dv=U

9 4 0 001 10 0 K3�104

0 19 0 001 10 0 K4�104

0 044 0 001 10 0 K5�104

0 071 0 1 5 �1 a

0 096 0 1 5 �1 b

0 006 0 1 5 �1 c

0 94 0 1 5 �1 d

0 84 0 1 5 �1 e

0 035 0 1 5 �1 f

1 57 0 1 5 �1 g

0 018 0 1 5 �1 h

0 27 0 1 5 �1 i

0 28 0 1 5 �1 j

mol/(gr.min).(atm)m+n %K OL=w
m=a,c,e,g,i

n=b,d,f,h,j

"CU= ��20 u=Dt hQYt CaQU w ?wr]t CqwYLt xOR=@ 'u=Dt p}O@D OYQO
CaQU C@=F |xv}y@ Q}O=kt 4 pwOH QO w 'l}DvS sD} Qwor= |=yQDt=Q=B 3 pwOH QO

%CU= xOW x�=Q= 13 =D 11 CqO=at T=U=Q@ =} Q=t=Dv=U pOt |=Q@
�rCH4 = K1(P aCH4 � pbO2) (11)

rCOX = K2(P cCH4 � pdO2) +K3(P eCH4 � pfO2) (12)

rC2+ = K4(P gCH4 � phO2) +K5(P iCH4 � pjO2) (13)

|=Q@ "CU= xOW x�=Q= 5 pwOH QO CaQU CqO=at |=Q@ |m}Dv}U |=yC@=F
u}@ |]N uw}UQoQ R= 14 |x]@=Q QO C}r=ai |SQv= Q}O=kt w CaQU C@=F |x@U=Lt

sy=HvB |xQ=tW �h} QW 21



"""(
O

C
M

)
u=Dt

|W
}=Um

=uO
WC

iH
Ov}=Q

i|
R=Ux

v}y@

GA wLM |=yVwQ =@ =} Q=t=Dv=U pOt QO pk=OL |=]N u=R}t xU}=kt "16 pmW
"hrDNt |=tO xU QO

xDmv C}=aQ =@ "CW=Ov OwHw jr]t st}DB= x@ uO}UQ u=mt= 'x}rw= ?U=vt TOL R=
x@ C@Uv |rw@k p@=k CkO =@ R}v LM l}Uqm VwQ R= pY=L |=yQDt=Q=B jwi
|=yCaQU R= LM sD} Qwor= xOW |QBU u=tR xJQo = "Ov=xOW pY=L GA VwQ
xm OwW|t x}YwD |t=ovy sD} Qwor= u}= R= xO=iDU= |rw 'CU= Q=OQwNQ@ |QDq=@
sRrDUt Qt= u}= w OwWv Q=DiQo |@Uv st}DB= s=O QO =D OvwW ?=NDv=?U=vt |=yTOL

"CU= |m}Dv}U |=yQDt=Q=B xOwOLt R= C=aq]= uDW=O

|Q}oxH}Dv "4
CUD=D=m sDU}U l} R= OCM Ov}=Qi l}Dv}U |UQQ@ Qw_vtx@ j}kLD u}= QO
|D=}rta \}=QW CLD Ov}=Qi w OW xO=iDU= SnBaTiO3 C}=mUwQB CU}r=D=m w
QO w �2�4 5� Cw=iDt uS}Um = x@ u=Dt C@Uv '�725�785�C�|}=tO hrDNt
xv}y@\}=QW w xOW|UQQ@ �120�280ml/min� |OwQw l =QwNhrDNt |=y|@O
p}O@D |rm Qw]x@ "CU= xOW pY=L C2+ ?wr]t CqwYLt uOQw; CUO x@ |=Q@
O=} R �u=Dt x@ uS}Um = C@Uv =}� uS}Um = C_re 'Ct=k= u=tR '=tO V}=Ri= =@ u=Dt
V}=Ri= w uS}Um = x@ u=Dt C@Uv Vy=m =@ R}v |v@ QmwO CqwYLt u=tOv=Q "OwW|t
j}kLD QO "Ovm|t Qw@a xv}W}@ |x]kv R= =tO V}=Ri= =@ w O@=}|t V}=Ri= Ct=k= u=tR
OW s=Hv= l}DvS sD} Qwor= \UwD 'Ov}=Qi |rm |m}Dv}U |R=UpOt u}vJty Q[=L
x�=Q= =yVvm =w CaQU |xrO=at |xv}y@ |=yQDt=Q=B u}}aD QO VwQ u}= QF-wt OQ@ Q=m w
|m}Dv}U pOt u} QDy@ 'hrDNt |D=}tra \}=QW QO |y=oW}=tR; G}=Dv j}@]D =@ "OW
"OW xv}y@ l}DvS sD} Qwor= VwQ =@ u; |=yQDt=Q=B w OW ?=NDv= � =} Q=t=Dv=U pOt �
|R=UpOt R= pY=L ?wr]t CqwYLt xOR=@ w u=Dt p}O@D OYQO |=]Nxv}W}@
x@ xHwD=@ "CU= ��25 ?wr]t=v CqwYLt xOR=@ |=Q@ w ��20 |@ QHD G}=Dv w
pOt u}= CaQU CqO=at |Uw}vQ; |=yQDt=Q=B 'hrDNt |=y=tO QO Vvm =w s=Hv=
|=tO Tma w CaQU |x]@=Q sD} Q=or Q}O=kt u}@ |]N uw}UQoQ R= xO=iDU= =@

"OvOW u}}aD |@ wN CkO =@ 'jr]t
l}DvS sD} Qwor= =@ G}=Dv |xU}=kt w CQ=wmQ=t sD} Qwor= R= xO=iDU= =@ u}vJty
=t= 'OQ=Ov OwHw x}rw= TOL x@ |O=} R C}a@=D l}DvS sD} Qwor= QO xm OW xO=O u=Wv
|xv}tm QO uO=Di= s=O x@ u=mt= |iQ] R= "CU= QDsm |OwOL =D u; |}=Qosy CaQU
sWJ x@ l}DvS sD} Qwor= QO Qt= u}= xm OQ=O OwHw CQ=wmQ=t sD} Qwor= QO |@Uv

"OQwN|tv

pOt |@ QHD Q}O=kt =@ |R=UpOt R= pY=L u=Dt hQYt CaQU |xU}=kt "15 pmW
"hrDNt |=y=tO QO =} Q=t=Dv=U

"hrDNt |=y=tO QO =} Q=t=Dv=U pOt CaQU C@=F Q}O=kt "4 pwOH

775�C 750�C 725�C
K�104

mol=(gr:min):(atm)(m+n)

0 761 0 382 0 083 K1
0 071 0 022 0 008 K2
39 8 16 6 9 4 K3

1 0 46 0 19 K4
0 369 0 096 0 044 K5

"=} Q=t=Dv=U pOt CaQU CqO=at |m}Dv}U C@=F "5 pwOH

uw}UQoQ ?�=Q[
CaQU C@=F

mol/(gr.min).(atm)(m+n)

�kJ/mol� |R=Up=ai |SQv=
0 96 r1

2 23�1015 K01
386 8 E1

0 996 r2
2 16�1013 K02

446 2 E2

0 981 r3
2 057�1010 K03

165 4 E3

0 999 r4
1 059�1010 K04

284 7 E4

0 973 r5
1 2�1014 K05

230 E5

CQ=wmQ=t l}Uqm VwQ w �GA� l}DvS sD} Qwor= VwQ |xU}=kt Qw_vtx@
?U=vt TOL Ci=} QO R= TB 'xrLQt u}= QO G}=Dv CLY w CkO Q_v R= �LM�
=} Q=t=Dv=U pOt CqO=at w |@ QHD G}=Dv OW |aU LM sD} Qwor=ltm =@ GA \UwD
xOt; hrDNt |=tO xU QO xU}=kt u}= G}=Dv 16 pmW QO xm OvwW xU}=kt

"CU=
xO=iDU= sOa CQwY QO 'xOW x�=Q= pOt |=Q@ LM VwQ QO xm CU= QmP x@ sRq
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�mol/gr.min�2 =]N C=a@ Qt ẁtHt pk=OL%'min
\UwDt h=QLv= jr]t QOk u=R}t %AARD

( mol
(kg:s)(pa)m+n )'iVvm =w CaQU C@=F %Ki

�a, c, e, g, i� CaQU |x]@=Q QO u=Dt |�RH |=yQ=Wi u=wD %m
�b, d, f, h, j� CaQU |x]@=Q QO uS}Um = |�RH |=yQ=Wi u=wD %n

( mol
(kg:s)(pa)m+n ) |Uw}vQ; CaQU C@=F %Koi

�kJ/mol� |R=Up=ai |SQv= %Ei
( mol

[(gr:cat:)(min)] ) Vvm =w CaQU %r

s�qa CUQyi
�kJ/mol� T@}o O=R; |SQv= hqDN= %� G

�min�1� R=o u=} QH |}=[i CaQU %GHSV

i<RH |OwQw |rwt <RH %Xi;in

i<RH |HwQN |rwt <RH %Xi;out

�mol/min� l =QwN |OwQw |rwt |@O %FA;in
�mol/min� l =QwN |HwQN |rwt |@O %FA;out

�gr� CU}r=D=m uRw %W

CWwv=B
1. oxidative coupling of methane
2. perovskite
3. genetic algorithm
4. catatest
5. �xed-bed micro reactor
6. gas hourly space velocity
7. selectivity
8. conversion
9. yield
10. residual
11. upper bound
12. lower bound
13. �tness function
14. population
15. population size
16. generation
17. iteration
18. children
19. parents
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