e |
i

-

St GPP &
National'Conference on Gas_ [
l

and P?chemica] Processest
B AN

Y guazo &9 595 30 (0) yaiio © i

Yo Y . Vo .
0 e T ply e ¢ Lloo Alao
S g 3 OIS o wiigen 0ASEINDS ¢ soundh s 09,5 o _smrdide &) ol IS el 8
s gy ,8 oliild ¢ cwadige 0aSLEINS ¢ cond cwdiges 09,5 ¢ comd cwdige )liol;‘wlr

5 A R P & e - - Y
A (g ,8 oKl ¢ pwdige 0aSLIlS ¢ comd swdigs 05,5 ¢ comd (owdige HLoliul

RV

F 5 g bl (i s Jolis (Gas to Liquids) gle slag S'sy0ee 4 (oanbs 55 o anl
350 Selgi 3w I8 5 oS5 3000 5| srmsg 03g9ms oy a8 (FT) (g5 pid 45551, sk 55 ]
Oz BB 5 (oo glacy )8 LS asl e 00l ol mle slagnSoyee 518 5 ilelir oy
RD) 25Ty ohais sl (si55 45 o095 10l S RSTy 0952 l3le )T 5 Gys i pied Y pams Siglis
Alie onl 5wl @ilolir (iw 5 Glagimpied ey Jeld anld ol (e 90 oSS cex
oy &y Jlaiml jeiSle el oud ploxl oyl Jl38le 5 b (g5 pad p2STy el (gjluand
@ bptagh ST 0 o8 Cudl Gl pid anld SVsame me 0 sl ntere (@) 2)S5)0e
sl s zr Jole 0 H/CO cod @b 5 pitte 0l siluaned 0 (Jy si0 (28 il &)j50
SGLRD 75 0 Hy g CO Lo lyme a5 a0 o0 lid (g5lwancd ol .ol ing - pied slo STy
Gk Oy 251y @2 b SBCR) (ol (olégs FT 9551, o po (hos polie 4 (> 0l
Ll S0

(oS wlols

o Gl H/CO Jgo s w0 oy oy Jozol GTL (o251 jolais

E-mail: mehdi.panahi@um.ac.ir, Tel.: 051-38805173 Lol 1o ouge (Sig mSUl oy 5




!

National Conference on Gas

and P?chemica] Processe
i 448

: |

-

5 !

doddo —)

5 Jl Jlasiol (sl 5 )l slocs 5lid 39 el il 202 (55 50 (6551 el s e ol S oS Ll
@olatdl gy S plsie 4 (GTL) mle sloge Ssy0ee 4 (b 55 has anlp wilaidly dawss o35 wlie Jos
3> By yeo (b Jold 515 Uil og goladl zd 5 5)le00 Conl aiilys (mle Coges ay (ab S5 Lo
ik Bk p g3k

52l e b ornb 515 23Ty 51 gl alpo 50 ) JSS Bllas ool (glal po 50 5 s o o] GTL iyl
I ipgs aloye y0 sl fame S b (S 0enS e g (39,008 5l (oS 5 e B 0o adg e I8 5enS]
o ty) jhesliial b aslol jo g oad oo cegian pls Cuii 4y pU (ed 4 (65955, 50 (g i paud (ASTy 5o
2355 0dgs g3l b Lk wiile ) (gl oles Y game Gli oo SS1S g platls o las

Natural Gas Syngas

: FT Product Final Product
| S Y11 theSES Gt prrep. > |

FT Synthesis Product Upgrading

N

H,,CO

[V GTL 0T 3 ool Suslois ) S

sloansa als jshie 4 olaideisSs anwg 5; cnl 5l g CaoVl jlews GTL lasisTp (slp ol aloyw asa
58T, Jols GTL ol b Lol (idu g0 pleol cjipsh opl Boa sl 4185 |18 az g5 050 ol8iils 5 Cario jo ol
olesee plxl Jold (p2STy ol ol (G2Sly plals @ Ojga (it Sy DY gaze gilular 5 (g i
bl mlo b uled 5o sl CandBlS G mlaws 1o b oo 5B )0 Yoamo ol sloiiSTy g ol ool 5 (oloand G2STg
S F S e 4 S5 Gher bl L slse I S5 Sy (gilelaz (oaiSTy bl cages )8 [Y] 050
and 93 ;5 (2iSly plais (gila e [¥] sl pbais T8 Jsb o Collacls (sla 2Ty g98g plan b g [¥] g 5055
Cesloss G55 oS Jlmr SIS g phad (iSly sabails 3590 50 [F] il S 15 s3b; 4z g 3,90 e
9 SdF Glagyimpied aul Gelul p lacn Sgyae ol jo o8 wlisle dblS plais abiime S )5 5 S
Gipog STy el 5l ool b 1) i 5 5l Jeilie g Lulpd s olSes 5 (ugies (0] Wed e silulos
s el vy 4 Aspen Plus 1530 a5l eoliinl b SVl dcgeme 10 50 ol Sed g (wlgais o 7] wilos S
4t 5 ildoe (i onl ol 5ysls (Y] wlanslsyy ol o ) eolial b g - pid anTd gl otaSTs
ool (i Sl b SV game @i (gt g oo QUL (o20STy el Oy 4 Glag g pded anld il
R NS N SN )

,_g}L.«J..\.o -y

O (Gelal il o) ¥ 58S G 1 ¥ g ) SVolae 3ok iy piud wl B dlsl g (bl SV gane
:[\] J_vj.w‘sn



St GPP % . F
National"Conference on Gas [ ?

and Petgochemical Processest
; ey e ' iy E

nCO+(2n+1)H, —C,H,,., +NH,O M)

nCO+2nH, -C H,,+nH,0O ™)

05 0956 el oais as 5 L 10 Copr lgre 4 Cos Jguammo op 31 g (N21) ol 05,008 o)l I x| o
Joe 51 (¥ alal) STy e acnle 5 V] o) Ken 5 aly bwg ot @l Slaslxe b silhe Seitiew 9ol

o 03,51 | Jgaz ;0 abgyye slayial)ly a5 wily o CO/TIO2 tacdblS witacns 51y [V o] S 5 b5 (Stiens

Reo = KCSZCgo )

[V 1oy g 95U 3 S b yiolyby Y Jgam

k a b Logk | Kj/kmol COLs | GamasD,Lus Sl

o) <IV¥ -+Iv¥ YIYA INZAK Yo K CaeS

20,5 olem ASF Jow aewsy 03 oo 1) Giag - piud 5955 5l oad adgi ¥ game @593
w =n(l-a) o™ )

Vs 25T s adlige oy [N a) Jlezsl j556 @ g conl S50 ojlad ja 55 wo 3 W, (N> 1) &5
by oS oo yis Ho/CO cors 1is b allie ol o Lol ol oas aid 3 L o ol 6 ymally olyie a0 O conds yiiie
dslore ol oas 2ol VY] (0 dolas) ol ISen 5 Siloo aliwg 0 a5 [V] 65051 5 155 Ly Joro abal, 51 ooliceal

2los olS cenm p eiST) Gled T g 55551, o Ha 5 €O (Jgo 003 Vi 5 Yoo 935
a=| 0.2332—YC 40,633 |[1-0.0039(T-533)] )
YeoYu,

Al oo pixe gl AT L EYY Sl g ¥ U -/ 5 H%Oc«....séos..\m 3 Jxe opl

S 3bw ds Y

g g el 3Gl RADFRAC z, 5o,k 5l Aspen Plus jl5sle 5 0 ooaSTly dads g5le anls oUlys

r,eSTy lp ambe ez &S W08 (gilwans CSTR [eST) o St Jaw lail (gilednd oo lel
pac 4 axg bt amlio DV ol5es 5 aly Joo b o] 5l Jol> gl g aib oo (SBCRS) olegs ol poms o
5551y Shhss ol awnlie CSTR 51 s b oSy uhails 7 (gilwdnd 5l Jolo ol ( o sboosls 3924
Ailse Shgm 3 YV X AA AF AE YL, H%o Iso sbians b el 5 Joo VYo o5 gl

Anderson-Schulz-Flory T



]

St GPP X . F

National'Conference on Gas

and Petsochemical Fgocf'.ﬁseﬂ N B
Sl ',E[ § :1' A, -
e = 2

9

S PETO V- St N S WU B W N P AP 7/ QU RSN
S Gilodoe Ll b gl (5551, Glles Lulyl o RD gy 0 (iSTy slogion o2 JS) oo e +/0¥
iy g gl g el bl cpl il eal Gl Siiie s £95 9 e cile Vo diw 90 12 oo alol ol
DY el onss ailoe 10 V5 e 6l VWY
3B obml sl Cos Sl ools ol jom 4y LCSTR 251, > b asline SThos 5 Sloe Ll yd 25Ty ol & 0 sl
e Foolass oo oo plis |y ol gilwand gy Soled F S ] oad aid )T s STy sl Ce asle
¥ aS ol o ab T L s Job alo e Ky Glsie a4 phS o 5T s 5 eaidlEe luzsl b Jol s e A Jolae
s> ¢ Partial-Vapor soid&s> asb o (iiSTy (i5u olgie 4 caSeyio /4 0 L plp Olala L (F B Y Jolhe)
@ plober 6999 GloyS 5 (ST p S ol osds Bl 0adl8z o b ofiT O bz g conl Kettle g5 51 5]
opdle # al>ya 5l s dlys e (Sl by o DVF] wlons 485 s ) Ses Caz eite slaytall s
Sl dilaie Gl 5l e SThsE plyz Cel ead a8)F S 0l o mbe Gz 5 Vb o ST b sl

‘@ Light Product

il ety Diesel

v
-

Wax

O P pled (S Tg gudadli & (5 (g Ly Sl (Y S

Co g b -

VOIS o ed (gilwand gl ol gjlwand CSTR jauST, o laml g - pied slo STy ol 53 oS jglailes

Jowe yo Y¥game x595 b alie g oS oo Cond ASE Juwe 5l pols Jow )0 (lgg 5 pied OV guases @595 o o0 5Lis
b 1S Ty )93y SO 50 (St Joho (ziw Hlitel 3l oy ol o (FUS) Cs5-Crp ¥ game sl [V oS 5 ool
38 0 U5 i plnil Sgs o B/ il glacind )5 (g3l ol 0 Jlol 2351y okl £ Sy 53

a5 Ny S5 se sanlive a5 jshilan ams e s |, H%o Glide S oz 55 oiiSTy obis 7y oY sas




St GPP
National"'Conferenge on Gas

and Petrochemical Pro

 FiL

3 Gilwdnd ol Kan ;0 39250 srCusguze Cle @ cwl wline (9551, 0 OVgaxe a6 Loz yo DY gaxe
9 C1-Cy Y game 4y by o gull g oo oQJST Cs-Ciq Y gazo &% 4N % 5 ] 00 r:l.’;d‘ YNNG V/E IRTRED
Mgy (et 4laT o o2STy plal 7 e 9 CSTR H5iS1) 5o oo bagjluand (@l wiloe 7 S5 L alive o2 Gt

Ao oo i 1) ASF Jaw 5l ¥ game 2598

== (1
=2
——(3+(4

— (5-C11

—=C12-C20

——(21+

— o . am@m ) S g sl

a ©

OCOOOO0O000
O W NG~ 00 W =

W (32,9 00 (39 yamS

CSTR 551, ,5 godgi Cs-Cyy ¥ S5

b 2 9 CSTR 551, j0 Ol g (0,550 SYsame JS adgi 5 oaams iiSTly s wops ol ¥ Jga 5o
w‘ [ S OW) MLM %O=Y Glywb‘s.w_flj



St GPP

National'Conference on Gas
and Petsochemical E'roce?,ses?
7 el 141

1
"{ 09
08
D 07 =e=(1
Y 06 ——(2
, 05
1 04 . ——(3+(4
o
"_:3 g; e —% e (5:C11
‘5 0.1 —4=—(12-C20
0 b — = — 5
14 16 18 2 =il

H2/co

Sy plalli 7y 50 g - pled OY gao (Jig pwS 1B S

——(STR ==e==RD

1.2 14 16 18 2
H2/co

RD cy SCSTR )535‘) )é CS' CII‘SM,J UYM :9 J&u}

pyes ,aH%O =ahii ¥ j0 WY gamo adgi 50 9 onsdo STy Jowd duoy0:Y Jeuo

il e L slpe STy s gy | el ki, | CSTR g5, el
5§15 DAY s0/8 (iisried Jaoss
sYIY avIv Y10 (D)ot demS 50 s
Ngams g IS 45
AYY Y - AOA Ty ol
kg/hr) ol s 255,00




St GPP

I National'Conference on Gas §
and Petyochemical Eroc:t?ses‘? .
Sy i q 4.

- -

5 obz bolen aaSTy iy 7 g CSTR HguST) 50 hows olime a5 a2 oo i ¥ Jsaz o oo a3l)| ol

B o I9m 5 Joles oo (sles ¥-F

3 o 255ly sl b g 5, o T ey s oo b @t ol ol obes 5 o olales

23 e L &S sl o 48l STg5 o H%Ozv 2 il ol bolan aiSTy e 2 slos Ly ¥ Jpor
sl s 55T, sles 5l YL YFOC &5 (slo Lamugie

TR SNy G S slod F I

CC) s
Yo Y al> e
YY- f a> e
YY$ 0 al> zr
YYq % al> 1
YYf oSl
Y- CSTR ,¢s1,

Ll 00l djb‘ )l?uﬁéute )U)QCSTR)}‘S‘)ﬁw.»Slj LSLQG"’“" Ls‘)" H%O ‘sjycm).u\c de?)o

39551y 5 e 5% ol el 50 Ty b g 3912/ g0 o F Juz

] &zl

\IAS \YY Yy

VIAA V/FF ¥ a>

VaY Vo 5 al> e
\/as \/oY $ al> o

VIAA \IVE CSTR 451,




St GPP

National'Conference on Gas

and Petsochemical E'roce?,ses?
(et 141

Sl bz Lol yen o281y Subis 2y (S 5 S 3l F-F

&I 9 M‘j ‘_ngbw.M: Be %Odlﬁw 9 Loo ‘JJM Soy0 p ;s““f)’ S ]AJL 4 9 I\ J5|J> L

lAASMQkSA uL\M)jw‘ ol djl)‘ g_ﬂ)? 3o H%OZY B k5“"l> UL})}LIO‘)Q@ L5"‘"‘5‘5)"]a"uc]" B UYW
.,\ASGA ‘..\.u wl)sl zr L &Jb (_ngw ‘_gl.m) 9 LQOMQL)AMS‘S ‘_J.:d..u Qo )0 ‘M)J w.w.l ()“J‘)s‘

H; 5 CO o ol 0 (S 3 Connnd 3010 Jgor

AR T B VAVYNR IRVETA “IAF STy e
oA 00 | FAN | Yovo (Do3asoen Jioss
08 | oYY | fEIY | FYVO ()dnS g0 ,S Jyoss

(°C ) sy G o 3 STy b S sLod 5 Jguor

ARIA VIYAQ <10 < INF S S
YA Yo% Yo AR Y al> e
YY) vya YiY¥ Y\Y ¥ >
YY- YYA YYO yyy O a> s
Yy Y YYA YyYv # >0
Yyy YY) Y\v YYf Sl

Y gama IS (al38l o8 e amo oo oLt ) S game 595 5 0l 0 Glies 2 (1S S 36 A 5V sla IS

S g0l sl DY gaste @555 398 oo oddlive ¢ 188 Cod il38I L sulgs

= 0.86

= (0.95

= 1.185

m 1.315

< O N S o
G‘SJ &~ R

A
22
<«

@Y gazmo slgi 0500 5 (SIS a5 TV PSS

A



StGPP

National"'Conferenge on Gas
and Petgochemical Processest
= Pt

J g

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

u0.86

= 0.95

= 1.185
= 1.315

c1 C2 C3-C4 (5-C11 C12-C20 C21+ water

Y garmo @395 9 (S 1 S 3G A S

S5 ez -0

ol eite O aslons 9 [V o] (10 5 9)l5 St 5 oolainl b (g - pid jis (255 Ty el (gjluannd
Gl and gl 0,8 sl VY] o Ken 5 Silo Lawgs st 2ol § [V 055T 5 155l dangs oy a8l ala,

a ol by 59938 pizes S 0 Cexd ASF Jow ST HY/CO s b jol> Jaw )0 O¥ game x93 a5 ol lis
9 1EEIF @ TNV 5l ia,me had aoye jmaliEh) paaSTly dad 2 bad aope g o Sles S5y > ge z
(S denSgise 5 [EOIF (y5e,000) b hos awoy 4 Suop jlews aS 00,5 o (LEYIY & TAVIY Gl o SaS sige

il e 223515 e lod b 5,5551, 4 (LSYID

5 b oaias 1Sl o dwoys o] Gialidl b aS 0 3 sanlice § o oy g0 50 (S 5 S Lilpdl 5l Cules o

[1]
(2]
(3]
(4]
(5]

(6]
(7]

(8]
[9]

(10]

..\ASLSA.: ey H,/CO 615.0 S g C.»Yg.a;u &9 ‘C.»Yya;u A,Jy Q‘}:A Lol “.\.abs.e u.J)sl L:bw sl

&=y
Mehdi Panahi, Ahmad Rafiee, Sigurd Skogestad and Magne Hillestad, A Natural Gas to Liquids
Process Model for Optimal Operation. Ind. Eng. Chem. Res, 2012. 51: p. 425-433.
J, S.J.D.a.H.E., Separation process principle. Wiley John Wiley & Sons.Inc, 2006.
Terril, D.L., L.F.Sylvestre, and M.F.Doherty, Ind. Eng. Chem.Proc. Des.Develop, 1985. 24: p. 1062-1071.
Doherty, M.F.a.M., M.F, Conceptual Design of Distillation Systems. McGraw-HillChemical Engineering
Series: NewYork.
York, KM, Keller, A. E; Wright, H ; Harrins, T. H, Catalytic Distillation Reactor. Patent No. WO
01/36066 A2, 2001.
Nemphos, S.P.G., W. A ; Adams, ]. R, Process for Production of Methanol. U.S Patent No. 588605, 1999.
S. Srinivas, RK.M., and Sanjay M. Mahajani, Feasibility of Reactive Distillation for Fischer-Tropsch
Synthesis. Ind. Eng. Chem .Res, 2008. 47: p. 889-899.
S. Srinivas, RK.M., and Sanjay M. Mahajani, Feasibility of Reactive Distillation for Fischer-Tropsch
Synthesis. Ind. Eng. Chem. Res, 2009. 48: p. 4710-4718, 4719-4730.
S. Srinivas, R.K.M., and Sanjay M. Mahajani, Feasibility of Reactive Distillation for Fischer-Tropsch
Synthesis. Ind. Eng. Chem. Res, 20010. 49: p. 6350-6361, 9673-9692.
Roberto Zennaro, M.T., Calvin H. Bartholomew, Kinetics of Fischer-Tropsch synthesis on titania-

%



1

St GPP

National Conference on Gas

and Pet

[11]
[12]

[13]
[14]

tochemical Processest

N

supported cobalt. Catalysis Today :44.¥ ¢+« p. 309-319.

Yermakova, A.A., V. I, Thermodynamic calculations inthe modeling of multiphase processes and
reactors. Ind. Eng. Chem. Res, 2000: p. 39, 1453-1472.

Hyun-Seob Song, D.R., Sinh Trinh and Harold Wright, Operating Strategies for Fischer-Tropsch
Reactors: A Model-Directed Study. Korean J. Chem. Eng, 2004. 21(2): p. 308-317.

Treybal, R.E., Mass Transfer Operation. McGraw-Hill Book Company. Third Edition.

LUYBEN, W.L., Reactive Distillation design and control. John Wiley & Sons, Inc publication, 2008.



1

St GPP

.
National'Conference on Gas [ "

and Pe}%zchemica] Processes’

Simulation of Reactive Distillation of Fischer-Tropsch Synthesis
with Variable Chain Growth Probability (a) for Products
Distribution

D

D

D

e

Mostafa Sabbaghi, Mehdi Panahif}, Ali Dashti

epartment of Chemical Engineering, Faculty of Engineering, Ferdowsi University of Mashhad,

Mashhad, Iran, E-mail:m.sabbaghee@yahoo.com

epartment of Chemical Engineering, Faculty of Engineering, Ferdowsi University of Mashhad,

Mashhad, Iran, E-mail: mehdi.panahi@um.ac.ir

epartment of Chemical Engineering, Faculty of Engineering, Ferdowsi University of Mashhad,

Mashhad, Iran, E-mail: dashti@um.ac.ir

Abstract

Gas to liquids process (GTL) has three main stages including of 1- synthesis gas (syngas)
production from rich carbon sources like natural gas, 2- Fischer-Tropsch (FT) synthesis
reactor where a wide range of hydrocarbons is produced from syngas and 3- FT liquid
products upgrading unit. Variation of relative volatilities of FT products and highly
exothermic FT reactions are inherently good driving forces for a reactive distillation (RD)
column to combine two stages of a GTL process, i.e. the FT reactor and upgrading
section. In this paper, simulation of the reactive distillation of FT reactions is done in
Aspen Plus. In most simulation studies related to FT synthesis, hydrocarbons chain
growth probability (o), which is the most important parameter in products distribution is
assumed constant, but in the present work a is function of H2 to CO ratio in the stages
and the temperature of FT reactions. The simulation results show that the CO and H2
conversion rates in the RD column with a side stream is very close to conversion rates in
a simulated traditional slurry bubble column FT reactor (SBCR) with similar reaction
volume.

Keywords:

Reactive Distillation, Fischer-Tropsch, Variable Chain Growth Probability, H2/CO, Aspen Plus

1ECorresponding author: mehdi.panahi@um.ac.ir

R



