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Temp C  Form of H,0 AG$(KJ/mole) E°(V) 3A&E %

25 liquid -237.2 1.23 83

80 liquid -228.2 1.18 80
100 Gas -225.3 1.17 79
200 Gas -220.4 1.14 77
400 Gas -210.3 1.09 74
600 Gas -199.6 1.04 70
800 Gas -188.6 0.98 66
1000 Gas -177.4 0.92 62
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E (Volts) 1.2 1.0
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St Maoy 2
Hai maysy’ —mayf - 55 =0 n=1- TEhE <085 (12)
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O : Oz _ Oz _ ﬁ =0 13
2! Me1lYer” — Me2Y o 4F (13)
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dT,
Stack : Mcsd_ts = (CalmalTal + Cclmcchl) - (Ca2ma2 + Cc2mc2)Ts - UA(TS - Tw2)

S ! AHH2O RS2 (14)

Coohng coilo] g3t = F ehthalpys= Mycy(Tws —Ta) + MypgeAol B, o]u] Tyt 4ol o8] 244
Ao ALY ol T 717 FRE EE Fo A 7 o] 22 Rate of accumulation> M, A(dgs /dt) 7}
?J_ 7ol th. 2= cooling coil®] heat balance:
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M, )\ wcw(Twl - ng) - qzmw)\ + UA(TS - ng) (15)
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Methane reforming

Methane reforming ¥H-&2 NiAl g Zujjol A o}ef o} o] dojtrt. (16),(1
o] t}. Reformero| A o @& AA §h-g-o] A| 2tx] = Fitol A €] gase] 25+
W e HAL Mes) RN FR A FL Heo] FA AT ol shae] £x
Aeete] 800% ©]/%+e] syn gas7F ¥H-&7] & WA 7o)

N &9 vhgolx (18)2 &Y ks
700 C 7}#Fo]t}. Methane reforming
7} 278 Dol Arhh Al L0}

Tyt CHy + H,O
Tyt CH, +2H,0

CO + 3H, (16)
COs + 4H, (17)
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3 CO+HO = Hy;+COs
21 Al WEEe] WSS EA 2 vy o] ¥EH T
P,
1 H, 1 CO
r = @25 (PCH4PH20 — K, > /_DE']\T2
Pt P
2 H,1CO
To = @(PCH4PI2{20 K1K22>/DEN2
k3 PHz-POOz 2
= Peo P DEN
r3 P, ( coPm,0 e ) /
71 A
Ky,0oP
DEN =1+ KcoPco + K, Pu, + Kow, Pow, + w
S E O3 2ok
28879.0 kmol - kPa%>
_ 16 _ - - -
ky = 9.490x 10 emp( T > [ kg T ]
29336.0 kmol - kPa%>
_ 16 _ - - -
ks = 2290 x 10 e;vp( T > [ kg h ]
8074.3 kmol - kPa ™!
= 4. 104 = e S
ks 390 x Oexp( T ) { kg h ]
598 35 vew 2o
4604.2
Ko, = 6.65x10 %eap ( 60T 8) [kPa™"]
1 .
Kmo = 1.77x 10%exp (— 066 35)
Kp, = 6.12x10 " exp (997;'13> [kPa™']
Kco = 823x10 Texp (849;‘71> [kPa™"]
Y A5 e gk
K, = 10266.76 x exp (— 268;:0'0 + 30.11> [kPaQ]
4400.
K, = D (% - 4.063)
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Methanol reforming

Methanol reforming ¥+-&2 CuOQ/Zn0O A 4 —-—HH °ﬂ /ﬂ obgf) oF o] dojdrt. (19),(21)2 & Bk-g-o] i, (20)=(shift
reaction) %% vl-&-o]t}. Methanol reforming ¥-3-2 300 C B 9] W2 2o A Uojytt). &3t methanol re-
forming W32 shift reactor7} W2 & Q8}A @3 reformer7} o] &% &7 8 3t}

CH3OH = (CO+2H, (19)
CO+H,0 = COs+H, (20)
CH3;0H + H O = (CO,+ 3H, (21)

Methanol reforming®] ¥H-$-<4%2412 Asprey 5 (Applied Catalysis A: General, vol. 179, pp. 51-70, 1999)°l
o] = ARE o] &3

Modeling

Reformer9] plug flow ¥+3-7]¢] 242 distributed parameter Al A U &7129] F5F9F A&glo] 1 109 dz
ul A 7k o sl ol o o] Ry o

Tw

feed r I

29 10. 14 2 ¥ 2 9138 plug flow ¥H3-7]

&3 4% 4] (methane reforming)

*

S-e-dz” aact =0-S-Clly—v-8S-Cf|svgaz +pp-ni- R} -S-dz*

o] 7] A e void fraction, ni= effectiveness factor (x0.001), ppi= bulk density, vE &%=, 2
Zo] B AL o st effectiveness factor7} TE ¥ RI = ida] FEo] TOIAI ©¢ Hu) AP HESE
(mol/gcat sec)o] t}.

52| normalizationg ¢138te] thi3} o] A WFES ol skt

Cf * R}
Ci= L z:% RZ:C;
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0Ccw, v 0Ccn, | ppRcu,

= —— R = — -
B Ie 92 + B CH, mry — 1212
(90002 v 30002 PbR6’02
—_ . R =
ot Le 0Oz + € 00z =TTz + 173
aCCo v aCCO PbRCO
= —— —_— = —
N Ie a2 + B Rco =mr1 —n3r3

BA5A 0] FASHE A5A el uate] oS w2mz §AE A (pesudo-steady state) 714 & =9 Bk,

oC;

ot 0

G _ Ll i _ o, 0o, cO
dz v

oA 74

. ~ oT _
S-dz" - (- pyCp,g + Pbcp,cat)a_ =05 pg-CpgT|s

t
3
—v-S-pg-epgT|seydasr +2mrdz"U(Ty —T) — Zpb -S - dz*nyr; AH; (22)
i=1
Let a = (g pyCp,g + PvCp,cat), then
OT  w-py -Gy 0T 2UTw—T) [pp <
et Y ot i 2 e Wt Sl A (s} i AH; 23
ot La 0z * ar i ;nm ’ 23)

2.4 Shift Reaction
Reformero) A} Y2= 7H 2 7A S0 = 10% 39 5% CO 7ta7F 350 9t CO 7tAa= s d 84
Aol A A Zue] 9 H5EARZ 2HE3le] AX TS A7) 7w Eell o1& 1% ¢ 3= A A Fo]ofut Shl

7N A 7} 27} shift converter 2 £ ¢} Ni,MoZ A Zuj =& E3s 53 COZF A AR NA7tAE 2o =
Fath o] vk wdRkgoln WSS Tt uf§- Wl AN FFLHE AL E 2 A

CO+ H,O = Hy+CO,
2.5 wjgd3|¢ #Ax|
AT duAA S LA = A7 A9 darbs W ARAA WA o= Wi E2 Ao 7]u) &

I ;l—‘é— A BEd dart glo] dEA o sy Y LR il Ak d o] S EA T ¥ dY T
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