Archive of SID.ir

- ot & &
s aats i -— IWA-VFY amivo AF+) L g 10,5 YT o)lod
MAl ek Al u"f/-.- s

O 2 Ly 1y S ilwdnd 9 il S
P I0l=9y (03039 00w sl
1< gy W it} }!

" obsexo )b 1gads 9 ™59 Sl duzmo (6988 (ymms yuol
Al e oLalS LIS ¢ cwiige SOSLEIS ¢ capd cwiige 05,5 )

U‘J‘J‘ ‘QL..:LS oKidls 5};5..“.0[5 9 82 (W0 cuSiials &J)AJ (WA 09;—"

Q|).3| ;oL.i;SLo/S ‘6}‘) olKisls ‘w 6.,.,4_;_&,47\“

VEVYIYY sl s VE- N NVF el s

LXVCCS

Gl 458 350 Lo sl 5l cncdBIS (2105055500 Sl Sl lw )0 cqandig iy anlio o 0l Lol Jds 4
aalllae 3,50 Ghomshy ol )0 Glagn =I005s 00 el Gl sle,eST) il 5 il i ol 43S I8
e SLmS 5 315 88 o pLoml S i i Ly olacs ol Sl 15T, o 4l ol ol 48,5 1,5
SYolne ol sy (55,31 5 prz S¥olne 39 oo oaliiwl SThs 5 (5l Joe S g STy sl S el Cgx
slbs Sl L Polymath.vo |5 8ls 5 )0 Lo 5551, (g5lmand 3l Jools mali g ol Jo lojen Lo iaSTly Sonw
Pl 59515 50 Olgr do Sumad Glagn (S QB Gl rizren )l (aie laosls Ly (g3 Gl TVIY (o
s Edl 5 oIS (55, oSS ool s s a5 ah Latiie Lo jgiST) (3dnt § (55l oo Lol Gy 70F
55Ty 50 Glsn o lie 5 48l falS )5S, e po Lo Bl Sl (Gl gy 4 95T, 0 0 e JUIS

Db 2ol L0 p)lz 558y 50 5 VY pe j5ST, 53 VD pgs ey o PN sl

(3 ()l (B Cdlad (g5l 9 5l (olag (2195059 )0 fgadlS LS
st ol 2 5L y95T,

B (g 99 4 Lol Sl (cmls059,000 oo
3Ol S Syg—e bS]y )l anl B S Lagy Sy (ls5eis 0
i 9 SkeS aSTly (seddB  claloli |y ] e e sy s
Sl oladys Ly elron oS (otSly ool s s aggeie slagSane ol
Sy Gl ool (B (lSsees S e g 5 SUsT bt Yy ame el
VAT Jw 2l 5l )los &j9—0 ay Laiydl] Lol Jyanot

hajatipour@kashanu.ac.ir SS9 Sl ol
(DOI: 10.22078/PR.2022.4697.3109) : Jtozs awliss

P CS PSS TR WV S WL S | ES P W I W2 JX g L g

Archive of SID.ir



Archive of SID.ir

WA-IFY amins AF) yi g 01,5 ATF o Lo “UU”;
7

as ols s o sleosls 5 Jus ol auslis
Sl 1) o gl gt A s 4l Jas
solw Joe S js [0] 3 )8 en g (S 0
ol b S o i 5981, S 0, Shes 6l
Lo ] acalllas ol il cond ool dawgs oslad
S 0y Shos 5 pten (lekos Lol 3G
Lol (185059,908 50 S e i 55551,
OLon B (1550550 ol plai ) S
slosld cnJBlS j5am o 5 ool 5L 5 ST
plonil Lo, L 5 ey wile (S Ly s
Sl it Jad ao)d Jo—ax sl 0t oo
I Caio j3 ol oS Lsd g Y Las
sloiSly el Jds 4 Y s slosles
DY gamme oy a4 i w0 4 S (il
sbmeas 5l e S8 S5 g il il
Sl STy bl B 05 oe Sg9tme i
033 e VO psia g FA-0+  °C o 0>y
Jlsd el 9 S5 LS5 5500 g alie 05000
St sliie 5 a s sl 45 Cl CnJBIS s
A e el ] S5 il 5 L o o e JUS

5l ool

13505998 al b [V] IS en 5 le [7]
Sl S e pn oS, S o ) Ol
s 7=l Lol ase S Joe (St & yg0dy
dwslio o slacols Ly (o3lwacs jl ool
J—ad ao o a S ol i mols ol ass S
IXYNY s e )l 5 sl 5551, 5l (o292
Syl o glaosls 5ILYIOAG 5 1 JAYE LN/DA
&l Jome S Al s 5 (bl e w0l
09=S1y S 58 hmen 4 Olasn (mlons s
)R D)9 Pt-SIl/[\lZO3 )9)_Jlal5 l_) Gcla_w ul_>).>
393Ul cJled a5 olo s Jae aole LI, 8
(] oS en g g2 3 sl (yle) as aialy las
Olon dmas 9o )d 1) asle ey 5 Lo )-*-’L'
los as ols lis mols assls JI, 8 —w)p 9,9
)3 Glagn Jmas a0 (ol 5 551,

s ,9STy oo il L 4 S 6 sba

FENTIUER

3 Sl 005 (gl je—o Ly bl —aulus]
Bl (—l505e,0n pge (Sl S Jo b
Lol sl 1 p9,5 glocndblS g5, = 0LSs:
9 =51 A 00d 05 pead e (S g (sl
g sl ST an pad Jlogjg e cle 5o
Gl a8y S, YU LSToae b Lasler cog

D

s — ol slegiegy 2 sl o
sba,s5T) it 5 it (3w o
=150 sl y935T, Jame S Y] ol Sen
ol gl o Sledbl a syl do an Lal casols
Ao yali g, 5l g slaosls 5l oslawl Ly aigs
6L_b)~o|)l.: A_sé)s oola__ul (GM‘)M u»SJMa_w)
&l a s Sledbl Ly oyl Joo sob 4t
W 0 o3 8 SVl Re o asliie o3 JULS S
setuiuls ) Jaw o, Slas g cils g ctillae
Vo ono Loy T 51 lo05g,0u0 a8 10 0s
I ol Lz s 551,
o3l s STy S g5lam Lo iy ol jo 45
S olil g asile lsy des o (mala el il
5 AEtlel opoa ;S 5y s Jsame
ol Sl A S B () 2 0y sl e
ol slaygsT) p3 (Lggnl ades [Y] oI en
5 Glw o |y Slasl cdl byl i co o el

.- ‘ o o Oblé’”

Lyl, & o a S ol lis mals o S (g5lwaiy
po— 5=S1y 5 295 QLo il Jmad vo o 4t
L, oloa wlie a5 wl/f ) s>y
RS JEN L J IRV E NN PUCE RSNEVIA 172 S FOUN
oels (28,5 S s Ll gyl (1050 35,000
0,5 Jas o Solus Oygo 4 e JBS s
¢«5°9,9 J‘)P %;)ﬁ'ﬁl_.ou)d_{é‘d QLW Jd_.o Gal.u
ddbos HeSTy o plasel Jsloe ke

Archive of SID.ir



Archive of SID.ir

BRE /)5 5 5052 G ol

el o 4 S L o s b g Joe oLl ol
5 e deanlie [V g Al o Sledlbl L (g lwancs
o e Dl 4 g o slo foged (i
SRl e ST gt S o Led 9 (g
S 8dkee ;o S JSis Slg glagn bl = e

B8 oS g a5 9y 55T,

S
Sy S

Obar =I05059 e sle STy jo (Aol STy an
o lee gl anly 1 M CndlS j5i
) olzon S—=SUS O AST9oks n (—l30is e
DT 2sSTg) Ll ues Jlsysg 0 5 (Y aiSTy

C,H, <CH +H, )
C,H, »>CH,+C,H, ()
C,H,+H,—>C,H, )

V sz o Lo piaSly St 4y by e Ll
by e Sledlbl ios pay wiomed el 00 00 4]
S dy g o LMY Jsoz 50 LayeiS], 4y
Slad amy Loy po SLeMbl 5 7 Jgos 50 Lo ST
A pyY il sa i oo ygl T Jsu > o el JBlS
WanedBlS cded a oS S Jaly, o a S crwl S
59=51y slos (kPa)eT slial 51 S o Sy s P,
E «(kmolkg'h'. kPal) La_ziSly e yus <anli ¢k (K)

Y S5 SSC(klmol™) g5lw Jbd 55,
Y SSC, «((mg Coke. (mg Cat)™')
S8 edale Jlade a iy «C  (mg Coke.(mg Cat)')
a=ib oo (h) lsj t g (mg Coke.(mg Cat)') auY S

w981y Siledned 5 53l e

Ve ojlala logy Joas oo T K (gojlal
e B Vo] e miugye aadl inliEl oo o
Ok am Olasn $9IUE (liise e pls
ols 8 o g a2 35 1) S5 elaie o
ot ST, Sldes a0l Lts il
YL & Ui o bl a8 o by 4y Sl
Ol 3l O5e—ST (552 by lid g )5S, o 0>l
iz il Jo 3yt Lo a5
el oo g )z (s (e al b
slaasls o LI ASTR 4 Catofin ¢ SLa)l 4 Lo> 5
o3liiwl 8 )50 Gl jmilpw j3 005008 o b s (5L
NIRRT ENSIOTVINNE KT N
Sy oo oo Laanl g ol o ol Ly oS oo
anlanl s ol oo Lileadsr 55 0
s Loyl UOP &5, 4y 3 Lo e SLal
(3o 3= )3 ey CndBS (65, 1) 4 S e
olyor S ymxie i Sllol sleyeiST, Sl eslanl L
ONIES QU NS S TP OF. W Ly K D P SOUwS)
29=5Ty s 51O JS2) *‘—*—’Tﬁ o=l STy S
Sy b a8 el oz Ly i
el S s ile SLa (- Sa S 5 i (5
S5 STy ) S S 5 Ty sl
Bl (595 = B 58 3 (0590 il oa s
3=YL Sl jlsd 0 g Ve e -0YD °C glos jo (D

I oy oo plsl jo s

Al B ilmand 5 silawdae Ginghy ol o
9 S5 9 Pz o=l oelsl Ol (030,00
e 9 9= plowil J2iSTy ol S balyy sl
A oy L,955T) 0, Sloe (59 5= SS sl J—"’l’

R-03

H-02

S N

H-03 H-04

(V] oShall o Ty STy e Soslods ) S5O

Archive of SID.ir



Archive of SID.ir

. . . W . .
WNNFY amio NFe) i g 01,5 ATY o leis -U_M{' gy allio
STy S ) Jgu

o doles o Lo st abal L2STs 0 Las
ak[P 7P63H(,PH2]
1 C3Hy Ta]
[yl ) i 1+[P%] Mm
Iv] ) K, = exp(20.5596—14~27%) o
-E (1 1
[\v] @) ki ="016"P(7‘[7‘§D M)
_AHC3H6 1 1
[yv] ) ke, :k0C3HéeXp(T[F_17]] M)
C
[vv] ) a:(l_YlCrn)+'Y2Cmexp[_q{3[ﬁ]] M)
-Eh 1 1
[vy] Q) Y :Ymexp( R (¥_KJJ o)
2 k.t
[yv] 00 € =Coa [WJ Y
[yl 0Y) Cy =kyt o
“E (1 1
[yy] (v k1c="mcexp[ R [F_HD m
—E,. (1 1
[“.,] av) kzc=kozcex]{ R (F_EJJ )
[\Y] [QhD) =1, =k, Py, )
-E,(1 1
[yl 00) kz="ozexp[ R (F_ED ™)
[\T] %) e =k3PCzH4PH2 )
B -E,(1 1
[yl Ov) k“kme’“’[ R (F’ED )

D] b ,g3ST) a0 bgs e Sledbl ¥ Jgoe

) o sl Sl
m o L 951, Jsb
m <OV r, L5551, 5l gl
m SV r 55T, e gl
kg/m’ A Py CeBlS JB

Archive of SID.ir



Archive of SID.ir

B 5 5052 G ol w5581y gslwands ¢ (g 5le Jo

DY) STy Seiew Sledbl ¥ Jgus

Ay Jlade Sl
kmol . i
kg.h.kPa Y/Y’YYX \ . 01
kJ
. E
kmol YYov |
kPa Y¥s kOC‘H(,
kJ
mol -AOAVY AH
kmol , "
kghkPa f’/Vf\YX \‘ 02
kJ B
kmol YYYYY . )
kmol K
kg.hkPa <[« AYAAA 03
kJ
. E
kmol VOFOfF 5
kJ R
kmol k AFAY
K \Ye. o T,

D] caddbls codles Sl ¥ Jgas

azlg e SleMs!
(g cat) (g coke)™! a¥AAY Yoi
kJ
kmol 7 E71
(mg Coke) (mg cat) ! VoF x) o C. .
(mg Coke) (mg cat) ' h ! V. f. k,,,
(g cat) (g coke) ! Y44 7,
kJ
kmol TATY: Eie
(mg Coke) (mg cat) ' h ! AY x\ 2 Ko
kJ
ol VYOO - By
- VA 7,
3ly ol 5103950 9 SNl (osle Jolt 58 Swdms 9 5w dae

SFo¥game g 0 (oo j9re CondBlS Jm Slgoad sy s s el e 5eST, o Sosled
b gl S e S5 1 oS G Bl e wle g Jels e ST el s sl
4o LayglS) izmen amd o alS ) jlsdedl s e sl el s Lag] e edBlS aS ol

Lo oS o Joe SlboT 0jo (510 5 08 1 S o ol o a4

Archive of SID.ir



Archive of SID.ir

WA-IFY amins AF) yi g 01,5 ATF o Lo -U_,M}
’

85 g LS
U, kglh

o 0oLt Cou JGLE

U, kg/h

Sygs
Fao Ug keg/h
kmol/h

NETIpUER

8315 Cana LS
Uy kgl

lellfq

ol 0oLl o JGLE

(0] elad b sla,eST, Soleds ¥ S5

el o Jlas (8, 95T, Ladedl 5l -A
adoles coaiad 5 by o sla o3 Jleel L
D] il VA adoles & g0 ay S 6, >

dn.
Yo OA)

dv,

o>V o(kmolh™)i s3> Jeo ol ,> Jlaaen,
S Al py yeSTy o (MP) o3 JBIS oo

Ll i £ 2> L)’“—‘S‘ﬁ Sy I g (kgm3) )9_’15‘)
VA adoles slaslginl S poxie yims 55T, SO 6l o

S et ;) Djg—oa VR adoles s S o |,

L]
dy, 2mrl
@ P 0%
Jsb L g (m) ;551 clad Cmdgor N Tadoles jo

6‘j-?‘ Q‘j-;c = C2H6 5CH, “C3H6 u—*%f )—"‘” ° L
D] jlacs le Loy T o o ¥olns o ol
e, _ 2mrLpy

dr n, I:(l_ycsHs)rl_yCszr2+(2_ych6)r3:|

)
ay oy, _ 2mrlpg

dr n |:_yCH4r1+(1_yCH4)rz_yCH4r3:|

H

t

d
MZM[_J’QHG’G ~Yeu" +(1_yC2H6 )FJ

dr n
YY)

t

Lyly, 4 a>95 LCH, s H, (C.H sl521 gl p > OYolas

sloanld o 55 Gl hpog sl olad)d
Sl oad 48§ L s )9S, ol 5o ST
]

Sae H3g— S5 9 58 Y e Jds 4
S 55l g 2 (solad 3985 5 S e st
A S S ml e Sl losg s S 4
o, S

St 3] Slsise el SzS s Y
SCJUR S 1 UGN 1 L S B O WP
slawglio 5l o5 JblS &l SeS cde ay Y
oole clale im0y co a8 0 aly 3y 4
49—l sladils | 2lo &l a0 sa o Sy
i S o il Jolse g ooy S eSS
il

Sliowly 5o b L YL sl a ez Ly -
s ol |y Jloas! 55 6,8 les oo Lo 5357,
5 OlSe Ml Lo y5i1,) 5o onJBS 368 -0
Mels Lo ol (555200 ©S o 5 9l (S0
RGN LA N V)

J5—id CnB ()l s (69, o s SST-F
D95

JUail 4 5e5 e g 009 F—ile M lS pi s -V
Sl bl bl el o)l >

Archive of SID.ir



Archive of SID.ir

B/, 5 5052 s ol w5581y gslwands ¢ (g 5le Jo

sl a by e YY aJoles 0 AH, g AH, <AH, 1] "‘?.Tcs*’ s s )50y (5 yingeS sl

oo am alnly 9 oo p (o—105059,000 STy (Yewn, +Y e, *Yen, ),

y 34y = _y 36 _y 4
L]
(szm _yC3Hom +yC2Hm‘n )ntr‘n
A A Yo, = " Ve, ~Ye,n,
AH, =AH, +Aa(T-298)+—B(T2-2982)+—Y(T3-2983) ‘
nT 298K 2 3

Y

(Yq) (yCZH4m _yCH4in +yCZH6m )n’in
B Yo, = *Yeu, ~Ven,
U"-’S‘ﬁ 6LA;4_:J09_:)AA’Y5A(I‘AB AR d—]é‘.u)é n, (Y&)

dwlo o5 by, 3l aS s o aibwl el o —oloes Y8 adolae Lawgs (1) (S o> adolao

Mg s D]

A(X=29i(li (Y") n = (‘yczHSm +yH2in +2yC3H6m +yC2H4in nfin (Y;)
AB=X9,B, xV) t I=YVeu, =Yen, + Ve,

S0ty 5951y ol el adyl bl b o imen AT 2milp, [(AH 7 )+ (AL )+ (AF)] (1)
[ - .y & .. . dr ntC
TSNV [ W W2 JC S = S

and T, =T, (*Y)

Pmix

r=rn oY =Y,

ol e d b CL g (K) Lo T VVaJolas o

Sl (kT kg K" 58 by Lxe
Sty YA adolas 5l Lasl8 by doee 5> c8)b
Lo STy St ol yo d (65,5l 5 o Yolae I o
a5 e L=l by, Lo g Polymath.ve |5 8ls 5 )0 ¢, =Yc,y, 7N

Dl o sbe Jo J—B ¥

Camwlas

D s st cdls o b zaSTy o, 8 Jguor

axlg Slade STy 0 lous
kJVkmol \YE- - )
kJkmol AYooo )
kJVkmol AP ")

LF] o500 dolas @ Lo o cilsh # Jgor

VP oy x VT B x a il
~AIAY YAIVAD VYAY C,Hy
-£1310 YYIV-$ Vant CH,
- JFYY YIYER H,
-Y/\5F 4/« A\ \IY-Y CH,
-f/yay VE/XAE VEYE CH,
YNQ) YA/YYO VAT CH,

Archive of SID.ir



Archive of SID.ir

WA-IFY amins AF) yi g 01,5 ATF o Lo -U_,M}
’

sl ygSTy o (Holad s plie ;25T an e,
Dbl e g9

28515 gl b o> Ol pds

ot |y Lo st glas Ly Lo ol s o IS
Cole Jdoas o b asaf a4 s 5 bl aas
2 Led phgn (I50iesmee STy (o9 S S
Dabige ol Lo jyesT) gl sl

OboR 4 Comd Glugp 6y iyl

SRl e Sl B St L 3olhas
29,9 Olagp 4o S (odlae Jomamme) lmgpn
il o 5] pyLgz 5o ST, o 45 ol o 7O
29515 38 es (59, S5 JSiS i1

2 92y ISt Jf (S b w4 e bles
SmneBS (55, S LS5 (0l (2303908 5551,
e a5 Bl e il A S il
23,5 g0 55Ty 2 0 (lgn Jma e Gials )]

s Al

S3lwded 9 (53l se S

29515 g3l

IS8 sleyeST) silbwand 5l ol gl
63,51 V' Jga= ,o Polymath.v6 ,l; 8ls s Logp
L lp T, aS adlbice , S5 an o3 ol o
Dbl go amlg dn (69559 o,z slwo

29515 8 b g Ja ol ae O kS

Sl ot Sezr )3 Oy p Joas Gl F S0
Sl S cele Jodo 4 oo oo lis ] jeST) o
Jome S j5S1) 2 (9999, Lm Sy (o
43S a0 Shes 00,5 S A St Sl
)9_:5‘))&)) sw‘fM d)j_bl.o.(b Sl 0o
Pl 55 9 9abios Gl Olagn Jmos Ol
59=S1y 5o Lol bl go Lo 1) Jmoud olime o i

A S Jmid Gl Jmligpy Olposs ol

Silwad 5l Jol> mls o liel ¥ Jgua

[CESRWIN Gilwands lade o Hlade sl
Jsl 957,

WAL WAt e

V/O VO A,

VY NIy ¥ A
p9d 16551,

Y Y z

\IY VY A,

VAIY JIv$ AIYY A
it )5:'5‘)

Y/ -/a4 /Ay iz

) -Af -/20 A

VEIY YD Y A
e)le,? )5‘5‘)

¥/ \ /Ay T

o/f e - IV¥ A

YOIV -/Ff AN AL

Archive of SID.ir



Archive of SID.ir

BRN )5 5 5052 s ol w5581y gslwands ¢ (g 5le Jo

15 /’_,;“’,"‘,—————-—-
¥
i P

Obor Joos aeye

A
[
¢ NESTED)
v 4
T = T & T & T . T 5 T T T N 1
S INAREY PR /< SR A Y A Y VIR VA SR A
(m) gl
05Ty gl b s s i Sl ¥ S
i 7 V¥
5 3 1
—\’5 \[i\/"’_ ke He51y
% =
=Y oo d
o) «
.ﬁ‘ g’\
oY)
1\5 P < /AN S
- =
"L‘%JW-
-—"'—Q\ Jal 9551,
i
o +/2¥
S NAREEY PR /< SR A Y A A Y VY VYA SR A B
(m) glad
5851y elads b leo e lyss  JSC
S 4
el 9351,
€.
£
3
Y, Y.
9 ]
T ¥ T L T X T " T % T » T ’ 1
B A R PR 0 TR A AR A 7 IR VRS V VANV A

(m) gl
Obsn 4 Cand Hlusn @ pdiobl & JS&

Archive of SID.ir



Archive of SID.ir

WA-IFY amins AF) yi g 01,5 ATF o Lo -u_)p!",}
’

G el VFY 51 s g (s3lasilely slacl jo La 45T,
MslS 4SS Hobjlon a5 Wad dawslie , 505 Lo

V5 -

s,

oty celw VEY 5l ey joSTy o ) Sae o IS
g alos,S IS a4 gq,i La,ygSTy o5ls a5 >
Sl ooz St Bl (59, o SS 59

S S g el e

S 50 ek 951,

S ST (39 pge 195515

S s9ua> 33 pos 93551,

S5 eSS g p90 5951y

wd ==
a2, \Y—-
3 ,.] —
3’5 A 4 B s AL al]
A
Re)
£ 4
Y A

SIS e Jal 0e5ST)

S5 g 50 JglHe3T)

R Y Y AR

TN YL

(m) glas
39Sy 0 Shes (59, S5 JSCas 1P Sl

oz 5951y 9 TYYIY poms 5581, 1Y+ pgo 5551,
5 ol sl aglio Ly el 5o il o /0T
e L Lo s slaslely glaal o g5lwans
A e wiles SIS el VEE LaygiST, oS
Mo JBlS mha cg, S5 LSis s 4y as
09=S815 03 PNl 55815 5o s n dmos Ol
10 ez 5551 50 5 TN pow joST) 40 VD pgo

Al oo Lials

&k oMe

CendblS el

CadBlS yiws B

(mg Coke.(mg Cat.)") &Y & SS clale :C
(mg Coke.(mg Cat)") S ,lade aiin :C,
(KIkg'K) 055 la S i 5 C,
(kJkmol") (s;lw Jled (5550 :E

(kJ.kmol") Sy slo 5 AH
(kmol.kg ' hl, kPa) _2iSly s s coli

& 5 4o
A 5= g py—z Yol e la0l gt ol jo
oy —SeS OYolso 5 (S SledMbl ol oo
b=t ol bS]y lm el adgl Ll -0
Polymath.v6 I3 38ls 5 ;o logn —loj059,0m2
Sledbl L g5l I ol ol g 0 o
i liel g aislae 090 ciliio SYLas o 2dly
8o 5l Glas YVIY s o Sloa S s 1,38
ols i (gilwand mols ol g5lwas YL
Jolws cdls 5ol galold | Jo an Jol ST, 4 s
oS m)lz je=S1, g Les ol o i (6l
oS el g e rem a3 l0 | Les el
25l 2> oo s il g oY
SLaSe S il esam j9S1, an 35,9 Sz 951,
) L_J O Zro JHLSA ool 6_:l.~o
A o (odlae Jomamme) dusy g mdoll
Ol 45 0B (ade i ;oST) ;8 4 (60959 Olasn
SAID Jsl 1951, 5> e S s n 6ol

Archive of SID.ir



Archive of SID.ir

Bl 5o 5 5958 (s ol w881y Sileand 5 53l
(kJ kmol".K") oI5 Sly> <ol R (kPa) Jobss &l K,

K) Lo :T (m) ,g51, Job L

() e # (kmolh)i 552 53> b,z e 7,

(M) ,e:51) w1V, (kmol.h™) S o> n,

(kg.m?) J&> p (kPa) i s3> Lud P,

e S gl 8, (m) 15351, o 5 ela

(m) 51, S5l glads o,

&l
[1]. Bhasin M M, McCain J H, Vora B V, Imai T, Pujado P R (2001) Dehydrogenation and oxydehydrogenation
of paraffins to olefins, Applied Catalysis A: General, 221, 1-2: 397-419.
[2]. Vafajoo L, Khorasheh F, Nakhjavani M H, Fattahi M (2014) Kinetic parameters optimization and modeling
of catalytic dehydrogenation of heavy paraffins to olefins, Petroleum science and Technology, 32, 7: 813-820.
[3] .Farsi M, Jahanmiri A, Rahimpour M R (2013) Optimal operating conditions of radial flow moving-bed reac-
tors for isobutane dehydrogenation, Journal of Energy Chemistry, 22, 4: 633-638.
[4]. Farsi M (2015) Dynamic modelling, simulation and control of isobutane dehydrogenation in a commercial
Oleflex process considering catalyst deactivation, Journal of the Taiwan Institute of Chemical Engineers, 57:
18-25.
[5]. Bijani P M, Sahebdelfar S (2008) Modeling of a radial-flow moving-bed reactor for dehydrogenation of
isobutane, Kinetics and Catalysis, 49, 4: 599-605.
[6]. Hu Z P, Yang D, Wang Z, Yuan Z'Y (2019) State-of-the-art catalysts for direct dehydrogenation of propane
to propylene, Chinese Journal of Catalysis, 40, 9: 1233-1254.
[7]. Chin S'Y, Hisyam A, Prasetiawan H (2016) Modeling and simulation study of an industrial radial moving
bed reactor for propane dehydrogenation process, International Journal of Chemical Reactor Engineering, 14, 1:
33-44.
[8] Miraboutalebi S M, Vafajoo L, Kazemeini M, Fattahi M (2015) Simulation of propane dehydrogenation to
propylene in a radial-flow reactor over Pt-Sn/A1203 as the catalyst, Chemical Engineering and Technology, 38,
12: 2198-2206.
[9]. Farjoo A, Khorasheh F, Niknaddaf S, Soltani M (2011) Kinetic modeling of side reactions in propane dehy-
drogenation over Pt-Sn/y-Al O, catalyst, Scientia Iranica, 18, 3: 458-464.
[10]. Darvishi A, Davand R, Khorasheh F, and Fattahi M (2016) Modeling-based optimization of a fixed-bed
industrial reactor for oxidative dehydrogenation of propane, Chinese Journal of Chemical Engineering, 24, 5:
612-622.
[11]. Hu R, Li X, Sui Z, Ye G, Zhou X (2019) Process simulation and optimization of propane dehydrogenation
combined with selective hydrogen combustion, Chemical Engineering and Processing-Process Intensification,
143: 107608.
[12]. Sheintuch M, Liron O, Ricca A, Palma V (2016) Propane dehydrogenation kinetics on supported Pt catalyst,
Applied Catalysis A: General, 516: 17-29.
[13]. Lobera M P, Tellez C, Herguido J, Menéndez M (2008) Transient kinetic modelling of propane dehydroge-
nation over a Pt-Sn-K/Al O, catalyst, Applied Catalysis A: General, 349, 1-2: 156-164.

a>ly STy 0,95 (g5lmaings 5 Suitinmw (gl Joe (\WAF) g osliond ) i (goaw (x5 (o <)1; [yel
FIV-VF A2V VY s Gipgh o635 sloollioVl 0,555 cdl sl

Archive of SID.ir



Archive of SID.ir

Petroleum Research
Petroleum Research, 2022(June-July), Vol. 32, No. 123, 26-28
DOI: 10.22078/pr.2022.4697.3109

Modeling and Simulation of Propane
Dehydrogenation Radial Flow Reactors and
Investigating the Effect of Coke Formation

Amirhossein Oudi !, Majid Hajatipour*?, Shiva Yarmohammadian®

1. Chemical Engineering, University of kashan, Kashan, Iran

2. Electrical Engineering, University of kashan, Kashan, Iran

3. Chemical Engineering, University of Razi, Kermanshah, Iran

hajatipour@kashanu.ac.ir
DOI: 10.22078/PR.2022.4697.3109

Received: January/04/2022

Introduction

Dehydrogenation of hydrocarbons is an important
commercial process because there is a high
demand for dehydrogenation of hydrocarbons in
the manufacture of various chemical products.
Dehydrogenation of paraffins is done by both catalytic
and oxidative methods. Catalytic dehydrogenation is
an exothermic reaction and oxidative dehydrogenation
is an exothermic reaction with water production.
Catalytic dehydrogenation of paraffins has been used
commercially to produce olefins since the late 1930s,
while oxidative dehydrogenation of paraffins has not
yet been commercialized. During World War 11, butane
catalytic dehydrogenation was used on alumina-based
chromium catalysts to produce butane, and then
dimerized to octane, and finally dehydrogenation
to octane to produce high-octane aircraft fuel [1].
In recent years, much research has been done on
modeling, simulation and optimization of paraffin
dehydrogenation reactors [2-10]. In this research,
modeling and simulation of propane dehydrogenation
process was performed based on the laws of mass and
energy and based on the main kinetic relations of the
reaction, and then the effect of coke formation on the
performance of reactors was investigated.

Methodology

Main three reactions in propane dehydrogenation
reactors in presence of alumina-based platinum
catalysts are propane dehydrogenation (reaction
1), propane cracking (reaction 2), and ethylene

Accepted: March/13/2022

dehydrogenation (reaction 3) [11].

CH,&CH, +H, @)
C,Hy—>CH,+C,H, ()
C,H,+H, —>C,H, 3)

The propane dehydrogenation reactor consists of two
coaxial cylinders between which the catalyst moves
slowly downwards under the influence of gravity. The
gas feed consists of a mixture of alkanes and hydrogen
entering from below and passing through the catalyst
bed, with the products leaving the reactor [5].

Product E
H_=Hesr

R-04
FeedGas Deactivated
Catalyst

H-01 H-02 H-03 H-04

R-01 R-02 R-03,

== wCatalyst line
= Gas Proces line|
R =Rexctor

Fig 1. Schematic of the reaction part of the propane dehydro-
genation process.

Applying related assumptions and conditions, the
kinetics of the reactions [7,12,13] can be solved in
Polymath.v6 software by the Rang-Kata method of the
4th order [14].

Results
Figure 2 shows the radius conversion of propane for
each reactor. Due to the endothermic nature of the
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reactions, a heat exchanger is provided at the inlet
of each reactor to preheat the feed. As it is known, in
each reactor the conversion rate of propane increases
and the fourth reactor has the highest conversion
rate, but in the first reactor, the slope of the profile
changes is higher than the other reactors, which causes
the maximum equilibrium conversion rate in is next
reactors.

Propane Conversion(%)
S
!
28

Reactor1 (1)
Reactor2 (2)
2 Reactor3 (3)
Reactor4 (4)

T T T
055 060 065 070 075 080 085 090
R (m)

Fig. 2 Changes in propane conversion rate with reactor radius.

According to Figure 3, the maximum selectivity of
propylene relative to the input propane is 53%, which
occurs in the fourth reactor.

As can be seen from Figure 4, the performance of the
reactors was compared at the start of operation and
after 144 hours of operation, which it shows reduced
catalyst activity and reduced propane conversion due
to coke formation.
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Fig. 3 Selectivity of propylene to propane.
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Fig. 4 Effect of coke formation on reactor performance.

Conclusion

In this study, mass and energy equations along with
kinetic information and auxiliary equations with suit-
able initial conditions for propane dehydrogenation
radial flow reactors were solved in Polymath.v6 soft-
ware and the simulation results were compared and
validated with real information in similar articles. The
average error of 7.2% indicates the high accuracy of
the simulation.

The simulation results showed that the first reactor has
the highest temperature drop due to the large distance
from the equilibrium state and the fourth reactor has
the lowest temperature drop. For this reason, interme-
diate heaters are used to provide the necessary heat to
increase the outlet temperature of each reactor to enter
the next reactor. Also, by examining the selectivity of
propylene to the propane input to each reactor, it was
found that the selectivity of propylene in the first reac-
tor is 9.5%, the second reactor 20%, the third reactor
33.3% and the fourth reactor 53%. Finally, by compar-
ing the simulation results at the beginning of the reac-
tors with the reactors operating for 144 hours, it was
found that due to the coke formation on the surface of
the catalysts, the propane conversion rate in the first re-
actor was 61%, in the second reactor 15%, in the third
reactor 11% and 5% in the fourth reactor.
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