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Equilibrator

Equilibrator

S5 oot AAHAZ | 2% A4

PYHSING X T YA} ZN)

D, + T, <=>2DT
Equilibrium constant : K, = [DT]?/ [D,][T,]
Reaction rate : Ryt = rpt f(Ppm Ppas

Pr2)
Reactions in the equilibrators

(EQ) *HT+D, — DT+ HD
*2DT—~D,+T,
A 2z (K)
equilibrium
ez 0 2731 | 2981 | 400 500 600
[HD]%/[H,1[D,] 0 3.18 3.25 3.48 3.62 3.72
[HT1%/[H,1[T,] 0 2.42 2.56 2.97 3.24 3.44
[DT12/[D,1[T,] 0 3.79 3.82 3.88 3.92 3.94
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2. ITER ISS T HI-3T|

L459IRA% TIE YEES B4 DB

roperties of Hydrogen Isotopomers Relative volatility (@22K)

H,/HD : 1.6

H,/ HT : 2.1

R (K 20.39 22.14 22.92 23.66 24.38 25.04 H,/D, : 2.6
ESIE, H,/DT : 3.4
(mmbie) @25K 2483.19 | 1620.17 | 1346.05 | 1117.77 | 915.77 759 05 H,T, : 4.3

2DT <=> D,+T,
BIYT : Koy = [DTJ?/ [D,][T,]
284k : Rpr = rpr f(Ppr, Ppzs Pr2)

Equilibrator

22 (K)
PR
0 273 1 298 .1 400 500 600
[HD12/[H,1[D,] 0 3.18 3.25 3.48 3.62 3.72
[HT12/[H,11T,1] 0 2.42 2.56 2.97 3.24 3.44
[DT1%/[D,1[T,] 0 3.79 3.82 3.88 3.92 3.94




2. ITERISS §%

. Reactions
> ReaCtor 1 Ren Mo. | Specification type Stoichiometmy
1 Temp. approach | T2+ 02 <> 20T
2 Calculated equilibrium constants
_ [DT ] _ 382 HHWHS'EH': E quilibirivrn bernperature
* [B.]T] T [
1 38197368 / 23315
Stream Number R1-F R1-P
Stream Name Feed Product
w Temperature K 298.15 298.15
Pressure atm 0.70 1.00
REA-P Vapor Frac 1.00 1.00
Mole Flow mol/min 1.17 1.17
Mass Flow kg/hr 0.28 0.28
Flow rate Percents Flow rate Percents
(mol/min) (mol%) (mol/min) (mol%)
H, 0.00 0.00 0.00 0.00
—R2E HD 0.00 0.00 0.00 0.00
HT 0.01 0.85 0.01 0.85
R2-DT D, 1.16 99.06 1.16 99.06
DT 0.00 0.09 0.00 0.09
T, <0.001 0.00 TRACE 0.00

T, Removal




2. ITERISS §%

> ReaCtOI’ 2: Reactions
FBun Mo, | Specification type Stoichiometmy
1 Temp. approach  [HZ + D2 <-» 2HD
[HD[ — —
K — — 3 ) 26 FxnMo| Egquilibrium congtant  |Equilibrium temperature
[H ][ ] P =]
y > @ 298,15
Stream Number R1-F R1-P
— > Stream Name Feed Product
Temperature K 298.00 298.15

Pressure atm 0.90 1.00

RlE Vapor Frac 1.00 1.00

Mole Flow kmol/hr 0.09 0.09

Mass Flow kg/hr 0.34 0.34

Flow rate Percents Flow rate Percents
(kmol/hr) (mol%) (kmol/hr) (mol%)

H> 0.01 8.02 0.00 1.14
HD 0.00 3.34 0.02 17.09
R1-F R1-HD HT 0.00 3.34 0.00 3.34
D, 0.08 85.23 0.07 78.35
DT 0.00 0.07 0.00 0.07
T, 0.00 0.00 0.00 0.00
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Reformer Modeling

> A 33
e 1:CH,+H,0—->CO+3H, . Reforming Reaction
e ,:CO+H,0-CO,+H, : Shift Reaction

» Total Reaction: fym :CH, +2H,0 <> CO, +4H,

> 8] B
e Stoichiometric Reactor: 3| B3 =2 M2AE& 2 A|H
e Gibbs Reactor: HI3A2 HA| 25l= HE Gibbs Free Energy
Minimum @S ZHE H-g HY
. tE“cl)uilibrium Reactor: Gibbs Free Energy of Formation2 =5
(o]

Hye W

e Kinetic Reactor: Kinetic Data(Pre-exponential Factor<}
Activation EnergyE 28519 g2 H{M)
v Batch Reactor
v PFR
v CSTR

ioyin




Material Balance for Reformer In & Out

IDStream 165 170
Component  |lbmol/hr| mole% |lbmol/hr| mole%
1H2 1.36 7.26] 11.11) 45.97
2|CH4 583 31.13 3.11 12.87
3ICO 0.00 0.00 1.12 4.63
4/CO2 0.50 2.67 2.10 8.69|
5H20 10.97] 5857 6.66 27.55
6IN2 007, 037 0.07  0.29
7|02 0.00 0.00 0.00 0.00
Total Flow 18.73] 100.00, 24.17| 100.00|
Temperature, F 1,129 1,060
Pressure, psia 16.8 15.92
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Thermodynamic Model Selection: SRK

M FProperties — Data Browser

A Fropetts B E =l =] <o =1 | gles| @ v 2]2]X]
(M) Setup J'Eluhall Flowzheet Sections ] Referenced ]
+- Components
-I-igfy Properties Property rethods & models Froperty method:
& GCpecifications Process e ALL - | |RK-SDAVE = | .
-Gy Property Methods vRe: | , J J
-0 Estimation Baze method: RE-SOAVE - [ Modify property models
+- Maolecular Structure
+ Parametars
% Data Petroleurn calculation options | 3
| Analysis Free-water method: | |
(¥ Prop-sets "wWater zolubility: | | 3
+-] Advanced I—_|
£ CAPE-OPEM Packages Electralyte calculation options I—_|
+ - Flowsheet .
H E CHreamms Chemigtry [0 vl -
R [+ Lse true-components I
+ E G [
-3 165
& Input
Results
{4 EO Variables
Custamn Strearmn Resu
+ 170
. E 171 All process types, Use the Property Method Selection Assistant for help,
+-5f 172 hl
£ >
Input Complete
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Reformer: reformer Temperature & Pressure

M Block BEFOBMER (BStoic) - Data Browser

e o] @lE fe_ 3 elo] i »] clsl 9] vl

Setup J5 per.:lflr.:atlunsl JHeactlnnsl Combustion ] Heat of Reaction ] Selectivity ] FsD ] Cod
Components
Properties Dperating conditions

Flowsheet | Preszure ﬂ 1592 | psia -
atreams
Blocks |Temperature j 1060 |F -

BZ YWalid phazes

| =

+

T

pwwww RERRRERE

BRERE

CATHODE
REFOREMER
Setup
Convergence
Dynamic
Block Options
Results
EQ “ariables
ECQ Input
Spec Groups
Portg
Stream Results
Custorn Stream Resu
+ (3 REFORMIN
. Utilities
+--"7 Heactions b
£ >

Results Awvailable

B QB
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Reactions: Rreactions in Reformer

M Block BEFOBMER {BStoic) - Data Browser

e @IE pe_ < elo] «Ja I »] sl o] vl

setup o Specifications 'R eactmnsl Combustion ] Heat of Reaction ] Selectivity ] PsSD ] Co 4
Components
Froperties Reactions

Flowsheet Fan Mo, | Specification type | Stoichiometns

streamns 1 Frac. conversion  |CH4 + H20 -» 3HZ2 + CO

Blocks
AMODE 2 Frac. conversion  [CO + H20 -» H2 + COZ

B2 F 12|

CATHODE
BEFORMER
Setup
Convergence
Dynamic
Block Optiong
Results
EQ Yariables
EQ Input
Spec Groups Mew. .
Ports
strearn Results Iv Reactions occur in sefies
Custorn Stream Resu
+ (& REFORMIN

£ Uilities
+--{7 Heactions hd
L >

Results &vailable

+

T-FH-F-F

oo w RERRKRKER
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ERLQAEEQQAR
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Fractional Conversion: eor cH4 & co

II_)Stream 165 170
Component |lbmol/hr| mole% |lbmol/hr| mole%
1H2 1.36 7.26) 11.11] 45.97
2|CHA4 5.83] 31.13 3.11] 12.87
3/CO 0.00 0.00 1.12 4.63
4/CO2 0.50 2.67 2.10 8.69|
5H20 10.97, 58.57 6.66] 27.55
6|N2 0.07 0.37 0.07 0.29|
7|02 0.00 0.00 0.00 0.00|
Total Flow 18.73| 100.00| 24.17| 100.00|
Temperature, F 1,129 1,060
Pressure, psia 16.8 15.92
r,:CH,+H,0 »>CO+3H, r,:CO+H,0 < CO, +H,
CO:5.83-3.11=2.72
. >83-3.11 =0.46655 77110
O:— —— =0.58824
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Fractional Conversion: eor cH4 & co

w Edit Stoichiometry

Reaction Mo |1 -

Reactants Praducts
Companent Coefficient Carmpanent Coefficient
CHA B HZ g
Hz20 -1 [ 1
* *

Products generation

" Muolar extent: | | J +/] Edit Stoichiometry

f* Fractional converzion:  |0.46855 of component |CH-‘1 j

Reaction Mo |J2 -

N> | Cloze |

Reactants Froducts
Component Coefficiant Component Coefficiant
cO -1 H2 1
Hz20 -1 Ccoz 1
* *

Products generation

" Molar extent: | |

i+ Fractional comeersion: | 0.58324 of component |I:EI ﬂ

M> ‘ Cloze |
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Reformer Result:

M Block BEFOBMER (BStoic) - Data Browser

@A REFORMER @l = 2] «reus < > Cilea| = N

+-Af Streams Summary l Balance ] Phase E quilibrium ] Reactions ] ] ]
--&f Elocks
+- (3 ANODE RStoic results
: % gi Cutlet temperature: |'IEIEEI |F j
: E CATHODE [ |1592 |ni.=|
- &% REFORMER Heat duty: |221165.215 | Btu/hr
Results

(4 EO Variables
stream Results
Custorn Stream Results 1t liquid # Tatal liquid:
+ - REFORMIN
+- & Results Summary

W apaor fraction:

hi'
—

Fesults Available
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Stream Reformer

B Block BEFORMER {BSioic) Stream Besulis - Data Browser

| Strearn Fesults j I i - ﬂ Results ﬂ (] 2 J E _‘_I_‘

- Streams Hateriall ] ] ] ] ] ]
-3 Blocks
-G ANODE
+ B2 .
- % B4 Dizplay: - Fu:-rmat:| ﬂ Stream T able
& CATHODE
-I-&ff REFORMER - - -
Results | J' J' J
@ EO Variables b ale Flows lbrmal b ﬂ
Stream Results HZ 1.360 11.120
- FDCHuhjtlﬁdm Stream Results CH & a0 110
-
+ 3] HResults Summary oo L
Coz 0.500 2100
Hz20 10,970 E.650
Mz 0.070 0.070
0z
Muole Frac

M= oo O dCo

Results &vailable
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Stream Result: Comparison between Design & Aspen Plus

II_J\Stream 165 170 170
Component  (lbmol/hr| mole% |lbmol/hr| mole% |lbmol/hr| mole%
1H2 1.36 7.26) 11.11] 4597 11.12 46.01
2/CH4 583 31.13 3.11 12.87 3.11 12.87
3/CO 0.00 0.00 1.12 4.63 1.12 4.63
4/CO2 0.50 2.67 2.10 8.69 2.10 8.69
5H20 10.97] 58.57 6.66] 27.55 6.65 27.51
6|N2 0.07 0.37 0.07 0.29 0.07 0.29
7|02 0.00 0.00 0.00 0.00 0.00 0.00|
Total Flow 18.73] 100.00, 24.17| 100.00| 24.17| 100.00|
Temperature, F 1,129 1,060 1,060
Pressure, psia 16.8 15.92 15.92
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Cathode Modeling:

Stream Reformer Out Leak To Anode Reforming In Cathode In Cathode Out
Stream Name 170 171 172 173 250 255
Component Ibmol/hr | mole% Ibmol/hr mole% | Ibmol/hr | mole% | lbmol/hr | mole% | Ibmol/hr | mole% | Ibmol/hr | mole%
H2 11.11 45.97| 5.5161E-02 45.97 0.00 0.00 11.05 45.97 0.00 0.00 0.06 0.04
CH4 3.11 12.87| 1.5441E-02 12.87] 0.00 0.00 3.09 12.87 0.00 0.00 0.02 0.01
cO 1.12 4.63 5.5608E-03 4.63 0.00 0.00 1.11 4.63 0.00 0.00 0.01 0.01
cO2 2.10 8.69 1.0427E-02 8.69 17.50 66.67| 2.09 8.69 24.03 14.08 6.54 4.52
H20 6.66 27.55 3.3067E-02 27.55 0.00 0.00 6.63 27.55 25.99 15.23 26.03 18.00
N2 0.07, 0.29 3.4755E-04 0.29 0.00 0.00 0.07 0.29 98.54 57.73 98.55 68.15
02 0.00 0.00 0.0000E+00 0.00 8.75 33.33 0.00 0.00 22.14 12.97] 13.39 9.26
Total Flow, Ibmol/hr 24.17 100.00 0.12 100.00 26.25 100.00 24.05 100.00 170.70 100.00 144.60 100.00
Total Flow, Ib/hr 317.9 1.6 4,995.1 3,946.1
Temperature, F 1,129 1,129 1,129 1,129 1,042 1,140
Pressure, psia 16.80 16.80 16.80 16.80 15.73 15.67

19



Stream Result:

Design Case

Stream Reformer In Reformer Out Leak To Anode Reforming In Anode Out Cathode In Cathode Out
Stream Name 165 170 171 172 173 175 250 255
IComponent Ibmol/hr | mole% | Ibmol/hr | mole% Ibmol/hr mole% [ Ibmol/hr | mole% | Ibmol/hr | mole% | Ibmol/hr | mole% | Ibmol/hr | mole% | Ibmol/hr | mole%
H2 1.36 7.26 11.11 45.97| 5.5161E-02 45.97| 0.00 0.00 11.05 45.97| 4.53 9.49 0.00 0.00 0.06 0.04
CH4 5.83 31.13 3.11 12.87| 1.5441E-02 12.87 0.00 0.00 3.09 12.87 0.02 0.04 0.00 0.00 0.02 0.0
CO 0.00 0.00 1.12 4.63| 5.5608E-03| 4.63 0.00 0.00 1.11 4.63 2.45 5.13 0.00 0.00 0.01 0.01
CO2 0.50 2.67 2.10 8.69| 1.0427E-02 8.69 17.50 66.67 2.09 8.69 21.35 44.74 24.03 14.08 6.54 4.52
H20 10.97 58.57 6.66 27.55| 3.3067E-02 27.55 0.00 0.00 6.63 27.55 19.30 40.44] 25.99 15.23 26.03 18.00
N2 0.07] 0.37 0.07] 0.29| 3.4755E-04] 0.29 0.00 0.00 0.07 0.29 0.07 0.15 98.54] 57.73 98.55 68.15
02 0.00 0.00 0.00 0.00{ 0.0000E+00| 0.00 8.75 33.33 0.00 0.00 0.00 0.00 22.14] 12.97 13.39 9.26}
[Total Flow, Ibmol/hr 18.73] 100.00 24.17| 100.00 0.12] 100.00 26.25/ 100.00 24.05 100.00 47.72] 100.00[ 170.70] 100.00] 144.60 100.00
[Temperature, F 1,129 1,060 1,060 1,140 1,060 1,139 1,042 1,140
Pressure, psia 16.80 15.92 15.92 15.67 15.92 15.84 15.73 15.67
Aspen Modeling
Stream Reformer In Reformer Out Leak To Anode Reforming In Anode Out Cathode In Cathode Out
Stream Name 165 170 171 172 173 175 250 255
IComponent Ibmol/hr | mole% | Ibmol/hr | mole% Ibmol/hr mole% | Ibmol/hr | mole% | Ibmol/hr | mole% | Ibmol/hr | mole% | Ibmol/hr | mole% | Ibmol/hr | mole%
H2 1.36 7.26 11.12 46.01| 5.5211E-02 46.01] 0.00 0.00 11.07 46.02) 4.53 9.37 0.00 0.00 0.06 0.04]
CH4 5.83 31.13 3.11 12.87| 1.5441E-02 12.87 0.00 0.00 3.10 12.87 0.02 0.04 0.00 0.00 0.02 0.01
CO 0.00 0.00 1.12 4.63| 5.5608E-03 4.63 0.00 0.00 1.11 4.63 3.73 7.71 0.00 0.00 0.01 0.00]
CO2 0.50 2.67 2.10 8.69] 1.0427E-02 8.69 17.50 66.67 2.09 8.69 20.05 41.48] 24.03 14.08 6.54 4.52
H20 10.97 58.57 6.65 27.51] 3.3017E-02 27.51 0.00 0.00 6.62 27.51 19.30 39.93] 25.99 15.23 26.02 18.00
N2 0.07 0.37 0.07 0.29] 3.4755E-04] 0.29 0.00 0.00 0.07, 0.29 0.07, 0.14 98.54] 57.73 98.54 68.15
02 0.00 0.00 0.00 0.00] 0.0000E+00)| 0.00 8.75 33.33 0.00 0.00 0.64 1.32 22.14 12.97 13.39 9.26
Total Flow, Ibmol/hr 18.73] 100.00 24.17] 100.00 0.12 100.00 26.25/ 100.00 24.06] 100.00 48.34] 100.00[ 170.70 100.00] 144.57 99.98
[Temperature, F 1,129 1,060 1,060 1,140 1,060 1,139 1,042 1,140
Pressure, psia 16.80 15.92 15.92 15.67 15.92 15.84 15.73 15.67
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Stack & Reformer Modeling: Adding Heat Balance

. Fuel_Cell_Oyerall_02 - Aspen Plus 2006.5 - aspenONE - [Process Flowsheet Window]

@Eile Edit Wiew Data Tools Run  Flowsheet Library  Window Help - a8
D|=(@| Sl =lal W) ih-o|a]s|¢le| v & W 5| B o B [eclel| @l

|a|8)| F-{=s|E|
el el <] 2la[a o] o) =

EATHODE B

E 170
REFORMER: _%
------------------------------------------
< >
For Help, press FI I sconAspen™Reports _Middle ML Results Available

hd
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Stack & Reformer Modeling: Adding Heat Balance

Design Case

Stream Reformer In Reformer Qut Leak To Anode Reforming In Anode Qut Cathode In Cathode QOut
[Stream Name 165 170 171 172 173 175 250 255
[Component Ibmol/hr | mole% Ibmol/hr | mole% Ibmol/hr mole% lbmolfhr | mole% lbmolfhr | mole% Ibmolfhr [ mole% Ibmolfhr [ mole% Ibmolfhr [ mole%
H2 1.36 7.26 1111 4597 5.5161E-02 45.97| 0.00 0.00 11.05 45.97| 453 9.49 0.00 0.00 0.06 0.044
ICH4 5.83 3113 3N 12.87)  1.5441E-02 12.87] 0.00 0.00 3.09 12.87] 0.02 0.04] 0.00 0.00 0.02 0.01
IC0 0.00 0.00 112 463 5.5608E-03 4.63 0.00 0.00 1.11 4.63 245 513 0.00 0.00 0.01 0.01
IC02 0.50 2.67 210 8.69 1.0427E-02 8.69 17.50 66.67 2.09 8.69 21.35 4474 24.03 14.08 6.54] 4.52
H20 10.97] 58.57 6.66 27.55| 3.3067E-02 27.55 0.00 0.00 6.63 27.55 19.30 40.44 2599 15.23 26.03 18.00)
2 0.07] 0.37] 0.07] 0.29] 3.4755E-04 0.29 0.00 0.00 0.07] 0.29 0.07] 0.15 98.54 57.73 98.55 68.19
02 0.00 0.00 0.00 0.00] 0.0000E+00 0.00 8.75 33.33 0.00 0.00 0.00 0.00 2214 12.97) 13.39 9.264
Total Flow, lbmaol/hr 18.73 100.00 2417 100.00 0.12 100.00 26.25 100.00 24.05 100.00 47.72 100.00 170.70 100.00 144 60 100.00
Temperature, F 1,129 1,060 1,060 1,140 1,060 1,139 1,042 1,140
Pressure, psia 16.80 15.92 15.92 15.67 15.92 15.84 15.73 15.67
Aspen Modeling
Stream Reformer In Reformer Out Leak To Anode Reforming In Anode Out Cathode In Cathode Out
[Stream Name 165 170 171 172 173 175 250 255
IComponent Ibmolfhr | mole%% Ibrmolfhr mole% Ibmolihr mole% lbralfhr mole% lbralfhr mole% lbralfhr mole% lbmolfhr [ mole% lbralfhr mole%
H2 1.36 7.26 11.12 46.01|  5.5211E-02 46.01 0.00) 0.00) 11.07] 46.02 4.53 9.37] 0.00 0.00 0.06) 0.04
ICH4 5.83 3113 3.11 1287 1.5441E-02 12.87) 0.00) 0.00) 3.10 12.87] 0.02 0.04 0.00 0.00 0.02 0.0
IC0 0.00 0.00 1.12 463 5.5608E-03 4.63 0.00) 0.00) 1.11 4.63 373 7.7 0.00 0.00 .01 0.0g
IC02 0.50 2.67 210 869 1.0427E-02 8.69 17.50) 66.67| 2.09 8.69 20.05 41.44] 24.03 14.08 6.54 4.5
H20 10.97] 58.57 6.65 2751 3.3017E-02 2751 0.00) 0.00) 6.62 27.51 19.30) 39.93 2599 15.23 26.02 18.00
2 0.07] 0.37] 0.07] 0.29  3.4755E-04 0.29 0.00) 0.00) 0.07] 0.29 0.07] 0.14 98.54 57.73 98 54 6815
02 0.00 0.00 .00 0.00] 0.0000E+00 0.00 8.75 33.33 0.00) 0.00) 0.64 1.32 2214 12.97) 13.39 9.2
Total Flow, lbmal/hr 18.73 100.00 24.17] 100,00 0.12 100.00 26.25 100.00) 24.06 100.00) 48.34 100.00) 170.70 100.00 14457 99,94
Temperature, F 1,129 1,060 1,060 1,140 1,060 1,139 1,042 1,140
Pressure, psia 16.80 15.92 15.92 15.67 15.92 15.84 15.73 15.67
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" Process Flowsheet Window

e wiafor =] aalza @3] [ RN

o=

PCw-201
Fegulaks

P01 200-RR-1
"

ZEFRE-1 Z00FH-1
Desuldaizer Humldi®r

ZFRR-3 HL il Bl 40FEL-Z
Frecorwerker Healloss Zaper Heakr Fecycle Blower

FE L1 HFHE 1 3000 -1
Freshalr blower Irllre: Heakr Caldylc Oddizer
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Stack & Reformer &

PRO/1 with PROYVISION - Fuel_Cell_Overall_01 - [Flowsheet]

EIEiIe Edit Input Output Tools Draw Miew Options  Window Help b4
= B S B B & i idelE s —~Hn Summay R 1), 5 B 100 a =
.

[&]

< ¥
Add new Unitz/Streams from PFD Palette. D ouble-click on Urnits/Streams for input.
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Stack & Reformer Modeling: proni with PROVISION

Design Case

Stream Reformer In Reformer Qut Leak To Anode Reforming In Anode Out Cathode In Cathode Qut
[Stream Name 165 170 171 172 173 175 250 255
IComponent Ilbmolfhr | mole% Ilbmolfhr | mole% Ilbmol/hr mole% lbmol/hr | moled% Ibmolfhr | mole% Ilbmolfhr | mole% Ilbmolfhr | mole% Ilbmolfhr | mole%
H2 1.36 7.26 11.11 4597  5.5161E-02 45.97 0.00 0.00 11.05 45.97 453 9.49 0.00 0.00 0.06 0.04
ICH4 5.83 3113 in 12.87) 1.5441E-02 12.87] 0.00 0.00 3.09 12.87] 0.02 0.04 0.00 0.00 0.02 0.01
I_0 0.00 0.00 1.12 4.63] 5.5608E-03 4.63 0.00 0.00 1.1 4.63 245 5.13 0.00 0.00 0.01 0.01
IC02 0.50 2.67 210 8.69] 1.0427E-02 8.69 17.50 66.67] 2.09 8.69 2135 44.74 24.03 14.08 6.54 4.52
H20 10.97 58.57] 6.66 27.55(  3.3067E-02 27.55 0.00 0.00 6.63 27.55 19.30 40.44 25.99 15.23 26.03 18.00
12 0.07 0.37] 0.07 0.29] 3.4755E-04 0.29 0.00 0.00 0.07] 0.29 0.07 0.15 98.54 57.73 98.55 68.15
02 0.00 0.00 0.00 0.00( 0.0000E+00 0.00 8.75 33.33 0.00 0.00 0.00 0.00 2214 12.97] 13.39 9.2¢
Total Flow, Ibmol/hr 18.73 100.00 2417 100.00 0.12 100.00 26.25 100.00 24.05 100.00 47.72 100.00 170.70 100.00 144 60 100.00
Temperature, F 1,129 1,060 1,060 1,140 1,060 1,139 1,042 1,140
Pressure, psia 16.80 15.92 15.92 15.67 15.92 15.84 15.73 15.67
PRO/Il Modeling
Stream Reformer In Reformer Out Leak To Anode Reforming In Anode Out Cathode In Cathode Qut
[Stream Name 165 170 171 172 173 175 250 255
IComponent lbmolfhr | mole% tbmolfhr mole% lbmol/hr moled Ibrmolhr mole% lbrmolfhr mole% Ibmolfhr mole% lbmolfhr | mole% tbmolfhr mole%
H2 1.36 7.26 11.12 46.01)  5.5211E-02 46.01 0.00 (.00 11.07] 46.05 453 9.50) 0.00 0.00 0.06 0.04
ICH4 5.83 3113 311 1287 1.5441E-02 12.87] 0.0 0.00) 3.09 12.85 0.02 0.04 0.00 0.00 0.02 0.0
- 0.00 0.00 1.12 463 5.5608E-03 463 0.00) 0.00) 1.11 4.63 2.45 514 0.00 0.00 0.01 0.0
IC02 0.50 2.67 210 869 1.0427E-02 8.69 17.50) 66. 67| 2.09 8.69 21.33 44.71 24.03 14.08 6.54 4.59
H20 10.97 58.57] 6.65 2751 3.3017E-02 27.51 0.00) 0.00 6.62 27.51 19.30 40 48 2599 15.23 26.02 18.00
12 0.07 0.37] 0.07] 0.29)  3.4755E-04 0.29 0.0 (.00 0.07] 0.29 0.07] 0.15 98.54 57.73 98.54 68.19
02 0.00 0.00 0.00 0.00| 0.0000E+00 0.00 8.75 33.353 0.00) 0.00) 0.00 0.00) 2214 12.97] 13.39 9.29
Total Flow, Ibmol/hr 18.73 100.00 2417 100.00) 0.12 100.00 26.25 100.00) 24.05 100.00) 4770 100.00) 170.70 100.00 144,57 99.94
Temperature, F 1,129 1,060 1,060 1,140 1,060 1,139 1,042 1,140
Pressure, psia 16.80 15.92 15.92 15.67 1592 15.84 15.73 15.67
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