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1 Discretization
2 Continuously Stirred Tank Reactor (CSTR)
3 Ordinary differential equation
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Fig. 1. Schematic of plug flow reactor as a channel with cylindrical cross section
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Fig. 2. Schematic of transfer and chemical heterogeneous process between gas phase and catalyst bed [26]

Sl (S0 1Sy DS 5 &S (Senl (cod g it S5 )5 S

Al o Cawd 4 sl dels b 5 @ jg0a

puAd

d(y
(dk) +Y P S W, =AoW, +P5W, (v)
z k

tlhord pSenl p3lSe (IS £33 il St b)) sglaie,
g g0 485 Lo 53 (A) by oty G5 K g x2Sy 1L
ol 865 o b Lol i) STy < Jganylods

104

‘.{ Gla.w &9y 0..\.;3&:).3.? d‘Jb:U?f u):lam u,u.wy L;Lm )...uu ASwoLu.)
[Y2] 59800 ol (7) bty

do, s, o,
dt r

)
i b 6y Eolas s 4 (F) Ly s 23

P Sowgsy o8 5l oalial b (V) eyl ST K 0365 (Sl oo

dan ol 3 & (Son ord 3 dady py 9 ym B b o b



K -K po gg:‘/k’ HFO (Aaru)
c,i p.i RT P n (\\G)

el dplone L5 (10) daly silae AG,, 5 o] o &S

Ao, = Z(:)Vki Oy (n) (V)
ks(n

Do dnwlre (V) dbaly 3k K

(V%)

AS°,  AH®,
R RT

Kp,i =exp( ——

o)Ll &Y guase &y Waosims jiiSTy 5l JolS IS 4 B eyl o &S

:M)‘J ‘W ..))‘.)

AS®,

(V)

AH®, He,
=DV o
RT 4" RT

(M)

D9 e dple (V) by 3k 08y (uSly Colf )lge pi 5

S heied (o SodiS | pdn buug Gugs)] @l 26 L
s Gileld (5l 5 plesal colps (1) daly )3 Db
sl 01 Jlac dhslas )3 oyl dbas iy 5| ol e 4 oocdaws

NP

i E, 6.0,
k.. :A.Tﬁl ex [ 10‘%9/“ 9 My ex _ ki ki

SotiSly £ (Jlotsl) (Ssinuy ey il o g Sonl
4 oo oS Cawl o b 2ysd 5 Jlein] ladd dlasd & 5 loa b xdaws

Z"'kiXk = Z"Hm X, (i =1,....
P P

b3 8,8 e s yen (V) dlasly olkae k- 465 Jgo W55 &5
blioe Cand & $55 1 Jold (sla Sy S iy £ o

Sy :zvkiqi
7

g o Aol (V1) dlsly S0y Vi ol 3 &S

=V =V (\)

i i

275 0B bl (W) sl 3o d 2iSTy (6l Q cdpig &5

Ll CuiS ‘%/)_35&.‘5) }wS |9 ol Lg;).cu Juob \P)? );I

[x, ] ()

4 ) Sly b cmd o (L5 ol agas p 3 uss)] &
ol drwloro BB (VY) Jso,8 llas g Cunl dtunly Lo

. E.
- Bi _ i
k,,=AT exp[ RT) (VY)

Gy daw sl iSTy ol el gl sldblee Wb ¢ pimen
(V) dady e Sy (2STy ol opdy €uiSyy sl STy (sl 98
2, bl cé, sty el b

k,, == (\Y)

s s ol (bl 5 (VF) aaly 5l eslazwl U ) Kc,i Olg e &S
2,5 Al Hlid waly o (Seolidgeys oles

1 Mass-action kinetics

VOAY



VF 5 BADAY dorao V¥ ) Jlo ¥ ojlass F 090 ¢ pusS yuol SOl wiins 4 puis

Imput:

Ty, length, area, velocity, n

o
el
¥

Detailed mechanizm

Y

ke = A;TPlex (—E;
Fi = A P RT

o= Yaa

de, _ 5.0y
dr T No
Y
dipud) )
= P“Zs-\ W,

Convergence

Tes

(Zaz mole fractions

Surfare coverage

15Ty 43 4w b oylie Sige 8, wiuT 8 g3ae Jo Lo g, Y JSU
B oL

Fig. 3. Flow chart of steam methane reforming process
in a plug flow reactor
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Fig. 4. Thermodynamic schematic of steam methane reforming reactor
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Table 1. Initial conditions used in models to estimate Nickel and Rhodium performance
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Fig. 5. Validation results of steam methane reforming over Nickel based catalyst at 1atm and steam to car-
bon ratio of 3, simulation 1 based on reactions [29] and 2 according to mechanism [30]
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Fig. 6. Validation results of steam methane reforming over Rhodium based catalyst at 1atm and steam to
carbon ratio 2.8 simulation 3 based on reactions [27] and 4 according to mechanism [31]
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Fig. 7. Hydrogen production in temperature range of 600-1300 K and steam to carbon ratio of 2-4 over
Nickel based catalyst
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Fig. 8. CO and CO, production and surface coverage of C(s) in temperature range of 600-1300 K and steam to
carbon ratio of 2-4 over Nickel based catalyst

S gge () (g llasl ©yge

Weo BAYer )y )0 ol 4295390 JnS gig0 ()8 Mg oS

09> 9 CnglS Ve -
oD9J.’>u
Sy Jgd BB (o)hado (lgied Y=Y/ 1) 0 )bu cons ljl 4 opolS
i OYsase cuaS doun g dSTligd p)S il il J8le
wd)S ki
21y 2Sle ()5 9 JSgige (p)S ()59 (Jge S XSS
Yoo s ‘u;9l§ Weo lod jd IS0 cundblS (4lys )9;'5]) TS
Foo S e ol b ¥ /YO Gl glaylid o ¥ S
gy Loy )b ¥ LS U awsSliod (p)S g S gige (2)S (39,
) s Gl S anSgige (8 5 Giaren W5 <ol 5l o

9w|

oaduie Dyl (dgmo (o)ldy WSl 6> S S Il e e ol

VWWeo 2 cJLA l9"‘;4" ..\.m.)@u w;:\;ﬂ}owu‘w lJ

C(8) (o Sy 9 30mS1i0d ) S g0 (05 Jgo S kS
VIFAXY e g o foFF e [4A0 CS 5 A Y ) A )b cuws il 4
Cos ol FNAXN ™ g o[e0Y o[+ FV F )8 & 4150 Cuns g
2 e fl Bl anSles (8 Ll davly 4 SBL () 4 )l
0353530 LYL () 4y B Cond a5 (Jbb )3 0,135 0 ()]9) 08 A5
sagen b V¥ o o0 d9ut0 1y (olos Y guazes 2aSlied ()8 Wy
ojl plai )3 S5 gmy & 3,5 blitl 65l s (b s
Sy S5 CanndBlS iy (69, TV (0 4 Jl s il 4 oled
P393l 33 Cnlin 03930%0 93 g on e ol o Ly g 520

Jol (slod o3game a3l o Coley o] 13 598 by plas a5 3,8 s

10%A



VE 8 BVDAY doxis NF ) Jlo & o)losds DY 093 ¢ pusS yrol SOl wdins 4 s

N
° o o
Eal _
i H, ]
i —e— CO y ] &
. —e— (O, i B
B . &
:H | —|= o i b‘_\).ﬂ_,o
= L | @120
S = =
-‘:l"\.,“' | .E T _O
- ] - 'E
= B [* 5]
i ] &1 =
ot B | Ay
o - |&%
= 1 21 2
zh': | ;;."' § T §
B ] : b
ol 1 7
i le 4o
. 1 | | 1 I 1 | | 1 I | | I | | 1 | I Q\“‘) — Q\r
a0 1 2 3 4
Pressure(bar)

230 3 0¥ [V G L8 13T 12y @ )L Cd 9 (gl VY 00 (5Lod )3 w8163 5 MemSToi90 (255 (O F9)d Jgo S A UK
IS CanndG1S

Fig. 9. H,, CO and CO, mole fractions at 1100K, steam to carbon ratio of 3 and pressure 0.25-4 bar over Nickel
based catalyst
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Fig. 10. Hydrogen production in temperature range of 600-1300 K and steam to carbon ratio of 2-4 over Rho-
dium based catalyst
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Fig. 11. CO and CO2 production and surface coverage of C(s) in temperature range of 600-1300 K and
steam to carbon ratio of 2-4 over Rhodium based catalyst
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Fig. 12: H,, CO and CO, mole fractions at 1100K, steam to carbon ratio of 3 and pressure 0.25-4 bar over
Rhodium based catalyst
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Fig. 13. Comparison of methane conversion over Nickel and Rhodium based catalysts in temperature range of
600-1300 K and steam to carbon ratio of 3
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