£

8770 060 020 81°0 050 £5'0 800 ‘awnjoA g
$6 9€1 691 L91 Uz £IE 8/,w ‘vasy Qoeping
L€ vl 80 L0 ‘b ¥l
£s €T "4 Al £s gy IS
0y ov 20 80 £ A4 p!|
T 6'vs 9'¢S 6'8S ?'09 09 8y n)
3
(%in) sasdpeuy JRjuawojg
b LS Is 0S 8y % vb l€ 3wy uny 4of
od dn-
SIEOAN rums d v 0 CITITEITRYITT sApEie)
siskjeie) DN
SOLLSIHAJLIVUVHD ISATVLYD
I '14Y.L




TABLE 2
MATERIAT BALANCE FOR RUN 31 AT 240 JOS

Run Nc: 3i HOS: 249 catalyst: RURRE CHEM:C
ICetalys: Compeostiicn, Oparating Condlitions M2/CO Retios,
/005 e y Rx 7. C 265 rnole/moie
Copger 5.07 K 538 { Intat, & 0.7G2
Potassium 5.92 | Rx P, psig 260 { Outlet, O 0.750
! Silicon 10.96 k~a 2101 ¢ Us.‘ige. u Q0.681
Wt of catalvstin R, g 7270 | Tonveralon and Salociivity
MolFeinRx, g 41.20 § CO Coaversion 71.0
Wt % Fe in catalyst 56.65 | H2 Convarsion €9.1
Wi olstan-up oil, g 290.00 { H2+CC ConveTsion 702
Wit of Siurry, 9 382.70 | Selectivity to CO2 43.0
Vol of Sluny, em ™3 458.69 | Seloctivity to CH4 52
Wt % Sciids in Bx 20,04 | Selectvity to C2HE 2.5
Sclids Conc., g/em ™3 0.1584545
Syrig2s Feed Rate, g Matoria! Balances, mol/hr -
nih/gte 2.255 j In Dut Converted
12-5 moie/s/gFe 2702€ 1 CO 2.4389 0.707 1732
moihr 4148 § H2 1.727 D.528 1.1789
Lm/gFe C.214 § Hz + CD 4.1d5 1.236 2.211
weisr-Gas Shiit Equiiibrium Caleulations
Ecum.Cons. K = ICO2][H2]/[CC)[H20] = exp{4577.8/T-4.33]
K= 65141 H20 out = 0.008 mol/h:
mol/fhr Atomiz Exzlmnca, mol/hr
CO tc CO2 0745 ! C.in 2.439 H, in 3.415 C,in 2.439
0w HC 0.987 out 2.439 Out 3.415 Out
CO o CH4 0.051 } as CC2 0.745 | as H2O D.017 | &s H20 2.008
CC o C2H5 0.049 as HC 0.987 as HC 2.341 as CO2 1.489
H2 to H2T 0.009 § asCDO 0.707 as H2 1.057 as CO 0.707
§H2 10 HC 1171 asHCO  0.234
3 Muas Balance In g/hr HCa Distribution, g/hr
: IN OUT | Mathane 0.823
kco 68.320 | €O 19.813 | Ethane 0.742
H2 3.442 | H2 1.0685 | Cthers 16.393
co2 32.772 | Total 17.958
HeO 0.154
HCs 17.958 § Product H/C mtio 2.372
TOTAL IN 71.762 | OUT 71.762 O/C ratio 0.237
HC Yield HCs C1+C2({p]| CO Convarsion Rate. gmole/kg Fe/hr 42
gMm/gFe 0.436 0.038 { Syngas Converted, Nm ~ 3/hr/m ~3 Rx 142
 g/nL syn 0.193 0.017 |STYof C3+in 24 hrs, kg/m ™8 853




TABLE 3
MATERIAL BALIANCE FOR RUN 44 AT 475 HOS

¥ Run No: &4 HOS: 475 Catalyst: uci *c*
Catalyst Compaosition, 6porttlng Concitions H2/CC Ratics,
_- a/190 a Fe RxT.C 285 mols/mole
- i Copper 4.32 K £38 finlet, | C.700
! Potassium 363 ] Rx P, psig 280 §Outiet, O 0.840
Silicon 7.82 | kFa 2101 Usage U £.61¢
Wi of catalystin Rx, g 72.7C | Converalen and Solectivity
WiolFeinRx, g 41.37 t CC Conversion 83.0
Wt % Fe in catalyst 56.87 | H2 Conversion 557
Wt of stari-up oil, g 280.00 f H2+C0O Convarsion 80.0
Wict Slurry, g 862.70 {Selactivity to CO2 43.0
Vol. of Slurry, sm =3 453.55 ¢ Selectivity to CH4 8.1
¥/ % Sclids in Rx 20.04 | Seigctivity to C2HS 1.0
Solids Conce., %/crn ~3 D.1584945
Syngas Feed Ralz, Mazterial Balenceg, mol'nr
nl/h/gFe . 2.255 in Cu Cornivertec
1E-5 moie/s/gFe 2.736 § CC 2.450 0.806 1.843
molfhr 4164 | H2 1.715 0.75% £.955
Li/gFe 0.2id i HZ + CO 4.164 1.668 2.45%
Water-Gas Shirf'.?..:au':!ibrium Caiculations
Equm. Cons. K = [COZ][H2)/[CO][H20] = axp[4577.8/T4.33]
K= 65.141 H20 oyt = 0.010 molfhr
mol/hr Atomic Bajanece, moi/hr
COto CO2 0.741 C.in 2.450 H,in 3.429 O.in 2450
COtc HC 0.802 Out 2.450 Out 3.429 Out
CQ to CH4 0.033 fas CO2 0.741 sr H2D 0.015 | es HzC 2.010
CO to C2H6 g.0186 as HC 0.802 as HC 1.892 | asCO2 1482
H2 to HZO 0010 ] asCO 0.906 as M2 1.819 as CO 0.50€
H2 to HC 0.946 as HCC: 0.052 |
Mazs Balance in g/hr HCs Distribution, g/hr
IN ouT Methare 0.528
cc 68614 | CO 25.387 | Ethane 0241
H2 3.457 : H2 1.531 | Cthers 11.611
| coz 32.600 | Total 12381
HzO 0.172
HCs 12.381 {Product  #H/C mtio £.357
TOTALIN 72.071 | OUT 72.0M1 O/C ratic C.055 ¢
HC Yield *iCs C1+C2{p; CC Conversion Reate, gmole/kg Fehr 37
amigFe 0.25% 0.219 | Svngas Convertad, Nm <~ 3/r/m ~ 3 Rx 122
a/nl syn 0.133 0.008 ASTY of C3+ in 24 hry, kgfm ~3 Rx S08




TABLE 4
ANALYSIS OF FEED FOR RUN 44

Component Feed A Feed B n
CO, mele % 56 56
H H,, mole % 37 37
A, mole % 6 6 H
N, mole % 0.17 0.32 i
K Total S, sppm <1 | <1 _j
=
L]
u;.l

27




IA.;‘

TAKLE S

MATERIAL BAILANCE FOR RUN 48 AT 140 HOS

Aun No: 48 HOS: 140 Cetalyst: ucl "0
Catalyst Cornponition, Oparating Conditions : H2/CO Ratios,
5/700 g Fe AxT,C 265 moloe/mole
Copper 4.32 K &£38 1inlet, | 0.700
Potassium B8.83 | Rx P, psig 280 §{ Outlet, O €.850
i Silicon 7.92 kPa 2101 f Usage U 0.580
] Wtiof catalystin Rx, g 72.70 | Converzion and Sslectlvity
e Wicirein Rx, g 41.37 } CO Conversion g2.0
Wt % Fain catalyst 56.91 § H2 Conversion 52.3
Wt of start-up oil, g 280.00 I H2+CO Conversion 58.0
Wi ol Slurry, g 382.70 | Selectvity to CO2 435
Vol of Siurry. em ™3 458.659 | Selectivity to CH4 €.5
Wt % Solids in Rx 20.04 | Selectivitv to C2H6 2.8
Solids Ccnc.,_g/crn ~3 0.1584245
Syngas Feed Rate, Material Balances, mol/hr
nl/h/gre 2256 In Out Convartad
1E-5 mole/s/gFe 2796 | CO 2.450 0.831 1.519
maol/hr 4164 | H2 1.715 0.518 0.897
JhigFe 0214 &t H2 + CO 4164 1.748 -2.415
Water-Gas Shit Equilibrium Caiculstions
Zzum. Cons. X = {COZ)H2])/[COI[H20)] = exp[4577.8/T-4.33]
=  £5.14] H20 out = 0.009 mol/hr
meifhr | Atomic Balsnce, mel/hr
CC 10 CD2 CES1y C.in 2.450 H, in 3.429 O, in 2.450
COto HC 0.BE8 Out 2.450 Out 2.429 Out
COto CrHae C.05¢ | as CO2 0.661 as H20 C.C18 | as H20 o.0c9
CO to C245 C.048 £ es HC C.B58 as HC 1775 | asCO2 §.321
M2 to H20 0009 § asCO 0.931 &s M2 1.636 as CO 0.931
H2 to MC 0.888 . as HCO 0.189
Xass Balarce in g/hr HCTs Distributlon, g/hr
N | CUT | Methane G.B95
co §8.614 | CO 26.07Z [ Ethane 0722
H2 3.457 j H2 1.645 ;| Others 13.455
coz 29.675 | Tota! 15112
[ H2C C.161
: HC:z 165112 yProduet /G mtic 2.069
TOTAL IN 72.071 | OUT 72.07% O/C ratig c.220
RC Yia's HCs . C1+C2(p| CO Conversion Rate, gmole/kg Fa/nr 57
g/h/gra 0.365 0.039 | Syngas Converted, Nm = 3/Mr/m =3 Rx 118
g/nL syn D162 G.017 | STY of C3+ in 24 hry, kg/m ~3 Ax 706




TABLE 6
MATERIAL BALANCE FCR RUN 48 AT 130 HOS

“ Run No: 4B HOS: 180 Catalyst: uci "o’ &
}rC;:taly.-..i Compecaltior, ! Cperating Condlticna : H2/CO Ratics, 1
#/100 g Feo { ~xT,C 265 molie/mole 5
Copper 4.32 K 558 & injet, 0,706 i
Potassium 383 | RxP, psig 280 §Cutlst, G 1.90C |
L Silizen 7.€2 kPa 2161 | Usage. U 0.853
{ Wt of cataiystin Rx, g 72.70 1 Corversion 2nd Selastivily _
fwiofFeinRx. g 41.37 j CO Conversion 803§
Wi % Fe in cataiyst 56.91 § K2 Conversicn 68.4
Wit of start-up oil, g 2950.00 | H2+COQ Conversion Te.0
Wt of Slurry, § 362.70 § Salectivity to CO2 5.0
Vei. of Slurry, em = 3 458 .59 { Selectivity 1o Tré 7
Wt % Solids in Rx 20.04 | Salectiviy to C2HE 3.2
Selids Cene., g/em =3 0.1584943
Syngas Feed Rate, ] Matarial Balances, mol/nr
nL/h/gFe 2.258 n Out Convarted
1E-5 mole/s/gFe 2.786 | CO 2.450 0.475 1.874
mol/hr 4164 § H2 1.715 0.524 1.190
LMmaFe 0222 t H2 + CO 4.164 0.35%9 3.165 3
Water.Gas Shift Equilibrium Calculations
Equm. Cons. K = [CO2]{H2}/[CO)[H20] = exp[4577.8/7-4.33]
K= 48.026 H2S put = £.020 meci/hr
molmr Atomic Baiznce, mol/hr
COto CO2 0.888 C.in 2450 '  H,in 3.429 C, in 2.450
CO w1 HC 1.085 Ourt 2.450 Out 3.429 Out
CO 1o CH4 0.084 | as CO2 0.588 as H20 0.041 as H20 0.020
CO to C2HE 0.069 as HC 1.085 as HC 2347 | asCO2 1.777
H2 to H20 0.020 25 CO Q.475 as H2 1.0648 as CO 0.475
H2 to HC 470 , i | as HCO 0.177
Mass Balanze in g/hr 5 HCs Distribution, g/hr
IN QuUY Methane 1.341
co 68614 | CC 43.211 } Ethene 1.045
=2 3457 | He 1.057 t Othere 15.843
co2 23.101 | Totai 18.234
=20 0.368
HCs 18.234 1 Product H/C ratio 2.155
TOTAL IN 72.071 | OUT 72.071 O/C ratio 0.163
HC Yield HCs | G1+C2(n CO conversion Rate, gmola/kg Fe/mr 48
gmh/gFe 0.441 c.05% §3yngas Converted, Nm ™ 3/hr/m ~3Rx 155
g/nL syn 0.195 0.025 §STY of C3+ in 26 hrs, kg/m =3 Rx 829
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TARLE 3
MATERIAL BALANCE FOR RUN 50 AT 250 EOS

Run No: 50 HOS: 250 Calalyst: ugi "A"
Catalyst Composition, Operating Condllions H2/CC Ratios,
g/100 g Fe FAxT,.C 285 mole/moalo
Copper 2.00 X 538 { Inlet, ! 0.700 y
Potassium 1.73 | Rx F, osig 220 y Oultet, C 0.85C |
Siiicon 2.99 kPa 2191 l Usage, U 0.574
Wt of catalystin Rx, g 72.70 | Convaraion and Selectivity
iAol FeinRx g 47.22 § CO Cenvarsion 4.0
B Wt % Fe in cetalyst 84.95 | H2 Cenversicn 4.3
Wt of start-up cil, g 283.80 | H2+C0 Conversion 20.0
W of Siurry, g 362.70 § Selectivity to CO2 28.0
Vol. of Slusty, cm ™3 452,58 { Seluctvity to CH4 29y
W2 % Solids in Fx 20.04 | Swiectivity to C2HE o¢ i
Solids Cone., g/em ~ 3 0.1584945 | ,
Syngas Feed Rale, kiateriz] Baiances, mol/hr
nlL/M/gFe 2256 in Out Convearted;
1E-5 mole/s/gFs 2.798 ; CO 2.79¢ 1.286 1.519
molfir 4753 § HZ 4.857 1.090 0.857 3
1 LihigFe 0.214 j H2 + CO 4.753 2.375 2.375
} Watlor-Gas Shi% Equilibrium Calzulations
i Egum Cons K = IC02]H2]/iCO} [H20] = =xpid577.8/T-£.33]
j K= 65141 M2O cut = D00 molfr b
i mol/hr ) &lomic Balancs, moikr
20 1o CO2 0.725 C.in £.735 H, in 5.914 | O, in 2.738
CO o HC 0.785 Cut 2.795 Out 3514 Out
CO 1 CHs 0.023 { as COZ 0.725 | as H2D 0013 | as H2O 0.008
CCto C2HS 0.0%14 gs KC ¢.73c z2s HC 1.715 as CO2 1.449
HZ to H20Q C008 | asCO 1.285 as H2 24121 as CO i.286
H2 te #C 0.857 &8s HCO 0.051
Masa Balance In g/hr HCs I:T;trlbution, g/hr
IN oUT Methane 0.365
cC 78313 | €O 36.024 | Ethane 0.212
H2 3945 | H2 2.198 j Cthers 11.385
coz2 21.893 }Toin 11.873
=20 G17C
HCs 11.873 | Product  H/C ratio 2.184
TOTAL IN 82.258 | OUT 82.253 O/C ratio 0.065
HC Yigld HCs C1+C2(p; CC Conversicn Rate, grmoie/kg f-"a,r'hr 3z
ghigFe 0.254 0.01 21 Syngas Converted, Nm “3M:/m ~ 3 Rx 1i6
| g/nL svn 0112 0.C05 ESTY ot C3+ in24 hrs, kg/m ™8 Rx 586




TABLE &

MATERYAL BALANCE POR KUN 51 AT 323 HOS

Pan No: 31 qOS: 320 Catalyst: UC!t "o [
Catalvst Composition, Oporat!ng Condltions H2/CO Rstios,
g/i00 g Fe RxT,C Z85 mols/mois
t Copper 1.24 K 538 1§ intet, i 0.7CC
a Ppoizssium 1.32 | Rx P, psig 290 § Outle:, O 0.750
Siiieon 423 kPa 2101 fUzage. U 0.872
Wt of catalysiin Rx, g 72.70 § Converslon end Seloctivity
WiofTainRx, g 4E 82 £ CO Cenvarsion 30.0
Wi % Fe in catniyst £4.40 j HZ Coriversicn 576 i
Wt of start-up oil, § 2€0.0¢ { H2+C0O Conversion 65.0
Wt o? Siumry. g 362.75 | Selectivity 1o CO2 476
Vol. of Slurry, em ™3 452.69 | Salestivity to TH4 &9
Wt % Sclids in Rx 20.04 | Seiectvity to C2HE a3
Solids Conc., grem ~ 3 0.1584945
Svngas Feed Rate, 4 Materiai Balancag, mol/hr
nL/h/gFe 2256 % in Out  Converted
1E-5 mole/s/gFe 2.796 E <0 2772 1.108 1.663
mclhr a712 | H2 1.940 0.323 1.117
Uh!gFe 0.214 ; H2 + CO L7712 5.932 2.780
Water-Ges Shift Equilibrium Caicuiatons
Equm. Cons. K = [CO2;'H2}/IC0]HR2O)] = exp[4577.8/T-4.33]
K= 65141 H20 out = ©.009 mol/hr
mol/hr Atomlc Eallnce. mol/ar
CO 1 CO2 0.792 C.in 2772 H, in 3.881 O, in 2772
COto HC CET1 Ot 2772 Ou a3.881 Gut
CO to CH4 0.0s1 § escO2 0752 | asH20  00i5 | esH2D  0.008
CO to C2HB 0.058 as HC 0.871 as HC 2.216 as CO2 1.583
H2 1o H20 0.008 | asCO 1.109 as H2 1.5486 28 CO 1.108
H2 to HC 1.108 ’ as HCO 0.071
Mass Balarice in g/hr HCsEIctrlbutlon,_g!hr
, IN ouT Misthane 0.B25
co 77.641 | CO 31.056 | Ethane C.365
H2 3912 | M2 1.660 | Others 12.144
coz 34.840 | Tota! 13.834
H20 0.163
HCs 13.834 ) Preduct  H/C matic 2.543
TOTALIN 81.552 | OUT 81.552 Q/C ratic 0.081
HC Yield HCs C1+C2{p]| CO Conversion Rata, gmole/kg Fe/hr 3G
g/h/gFe 0.295 D.OSBp! Syngas Convarted, Nm = 3/hi/m ™3 Rx 136
g/nL syn 0.131 0.016 {STY 0! C3+ in 24 hrs, kg/m ~3 Rx 635
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TASLE 10
MATERIAL, BALANCE POR RUN 53 AT 348 BEOS

3 Run No: 53 HOS: 149 Catalyst; UCi “START-UP- [1
jCataiyst Composition, Cpereting Conditions ' HCO Reliss.
g/190 ¢ Fe RxT,C 285 mols/mole
I Cepper 7.52 x 538 §inlet, ] 0.700
| Potassium 2.57 | Rx P, psig 205 1Cuthcet, © 8770
Silicen 4.28 kPa 1480 g Usage U 0.621 3
Wi of catalystin Rx, g 72.70 | Tenvorsion and Seicctivity ]
Wt of Fe in Ax, 9 %4515 Yy SO Convarsicn &%.5
Wt'% Fe in catalyst 50.73 § H2 Conversion 3.9 §
Wi of start-up oil, g 296.00 | H2+CO Conversicn e72 |
Wil Siury, g 362.7C | Seisctivitr o CO2 42.C
t Vel of Slurry, om ™ 3 456.69 [ Salectivity o CHA 3&
Wit % Solids it Rx 20.04 | Selsctvity to C2HE 12
Solids Cone., g'em ™3 C.1584545 I
§ Syngas Feed Rate. - Material Balancea, mol/hr
ni/h/gFe 2.256 F b Out convarted
1E-5 mole/s/gFe 2.79€ i co 2.814 1.320 1.204
mol/hr 4453 0 H2 4.830 1.026 0.804
th/EFE 0.304 § H2 + CO & .44 2.34C 2.088
Waigr-Gas Shift Equiliorium Celculations
Equm. Cons. K = [CO2iH2}/ICO}{H20] = exp[4577.6,/T-4.33]
K= 5514% H2C out = 0.008 moi/hr
moffhr Atomiz allanca, mol/he
CO 1o CO2 D.634 c.in 2574 Hin 3.66C O, n 2614
COwHC 0.850 Qut 2.614 Out 2.650 out
CO o CHa 0.025 | s CO2 C.634 &3 H20O 0.015 as H20 C.Coe
CO o C2HE 0.016 | as HC 0.650 ss KC 1.522 | =2 5Q2 $.268
H2 to H20 2.008 | s CO 1.32C sc H2 2053 as CO 1.82C
H2 to HC 0.796 ' as MCO c.018
M:u%alanci Iin g/he HCs E)is‘..'lbution,g[hr
IN CuUT Mathane w402
co 73.222 | CO 35.977 | Ethane 0.238
H2 3.889 { H2 2.068 2 Others 2.184
co2 27.505 1 Tetal 9.824
] Rr20 0.136
HCs §.824 f Product  H/C ratio 2.412
TOTAL 1N 75.811 | OUT 78.611 w/C redo 0.028
HC Yigid HCs ci1+C2p CO Conversion Fats, gmole/kg oMt 25
g/higre £.223 C.015 4 Syngas Converted, N = 3/hr’/m ™3 Rx 102
 a/nL syn 0.095  D.006 {STY 0! C3+ in 24 hrs, kg/m = 3 Rx 481
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TABLE 11

MATERIAL BALANCE FOR RUW 53 AT 228 HOS

Run No: 53 =08 220 Catalyst: UCi "START-UP"
Catalyst Compoaition, Oparsiing Condltions H2/C0 Ratics,
; /100 g Fe RxT.C 285 molo/mole
Ccppar 7.52 4 538 §Inlet, | 2.729
Potassium 2.57 § Rx P, p3ig acc | Oullet, 0.820
Silicon 4.29 kPa 2859 { Usage, U 0.573
Wi of catalyst in Rx, g 72.70 | Conversion and Seisctlviiy
Wio!Faein Fx, g 4415 ¥ CO Conversion &5.0
W1 % Fa in catatyst 60.73 : H2 Convarsion 33.3
Wt cf start-up oil, 290.00 ; H24CO Conversion £4.4
Wt of Siumy, g 362.70 i Selectivity o CO2 47.0
Vol of Siumry, em ™ 3 45B.69 | Salectivity ivo CH4 2.9
Wt % Soiids in Rx 20.0% § Selectvity to C2H5 0.6
Solids Conc., g/em ™ 3 0.1584845 :
Syngas Faed Rate, ¥.atarizl Balences, inci/hr
nL/h/gaFe 4.790 in Out Converted
1E-5 mcle/s/gre 5825 CO S5.446 2.832 2.614
mol/hr 8258 § H2 2.812 2.315 t.457
LmigFe 0.328 || H2 + CO 8258 5.14% 4.111
water-Gas Shift Equilibrium Caleulations ,
Equm. Cons K = [CO2][H2)/[COIH2O; = exp[4577.8/T-4.33
K= 65141 H20 out = 0.015 molhr |
mol/hr Atomic Balance, mol/br !
COis COZ 1.229 C,in 5448 H, in 7.625 O.in 5.446
COto HC 1385 ou 5446 Ot 7.€25 Out
COw CH4 C.040 § ms CT2 3.225 | as H20 0.631 as H20 0.075
COto C2HS C.017 es HC 1.335 as HC 2962 as CO2 2.457
H2 to 520 0.015 es SO 2.832 as K2 4.531 s CO 2.822
H2 to HC 1.481 ' a3 HCO 0.141
H Mazs Exlance i g/hr HCs Distribution, g/Mhr
N ouT Mothane 0.545
co 152.547 | CO 75.324 | Ethane 0250
rie 7.€86 | =2 4.568 | Others 20.9935
co2 54.072 | Total 21.B20
H20 0.278
HCs 21.820 g Product H/C matio 2.138
TOTAL IN i160.232 | OUT 160.232 ©/C rato 0.102
HC Yielz HCe C1+C2ip| CO Conversion Rate, gmole/kg ~e/hr E
ghigFe 0.496 0.020 § Syngas Converted, Nm ~ 8/hrfm =3 Rx 201
 g/nl syn €.105 0.004 |STY of C3+ in 24 hrs, kg/m =8 Ax 1099
]
PE |



TABRLE 12
MATERIAL BALAMCE FGR RUN 53 AT 360 BOS

Fun No: 53 HOS: 360 Ceatalyst: uc!1 “START-UP"
Catalyst Compoaltion, Opersting Conditior:s ‘I-L‘Z!C?ﬁ_llﬁos.
g/100 g Fe RxT,C 255 mele/mola
Copper 7.52 K 538 | inlet, | 0.700
Potassium 2.57 | Rx P, psig 290 JOutiet, O 0.800
Silicon 4.25 kPa 2101 f Usage U 0.630
Wt of catalystin Rx, g 72.70 | Conversion and Selectivily
WiofFein Rx, g 44 .15 § CO Conversion 81.C
Wt % Fe in cztalyst 60,73 | H2 Convarsion 54.9
Wieofstart-upoil, g 290,00 | H2+CO Conversion 52.5
Wt of Slurmy, g 362.70 [ Seiectivity to CO2 42.0
Vel of Slurmmv, sm~ 3 458.62 | Seiectivity to CH4 3.0
Wt % Solids in Rx 20.04 1 Selectivity to C2ME 6.7
Solids Conc., g/fem ™3 0.1584845
Syngas Feed Rate, Material Balancea, mol/hr
nL/Mh/gFe 2.256 In Out Converted
1E.5 mole/s/cFe 2735 | CO 2.614 1.020 1.595
mol/hr 4444 f H2 1.830 0.825 1.005
L/higFe 0214 | HZ2 + CO 4.444 1.844 2.630
Water-Gas Shift Equilibrium Calculations
Equm. Cons. K = {0021 [H2]/ICO][H20] = axp[4577.8/T-4.33)
K= 65141 HZ20 out = 0.010 rnol/ht
maifhr Atomic éalanco, mol/hr
COto CO2 0.765 C,in 2614 H,in 3.660 O.in 2814
CO o HC 0.829 Ot 2614 Out 3.660 Out
SOt CH4 0.025 | as CC2 0.765 | as H20 0.019 | =ms H20 0.010
CO 1o C2HE 0.012 | as HC c.829 as HC 1991 as CO2 1.531
H2 to H2O 0.01¢ | asCO 1.020 as H2 1.650 as CC 1.020
H2 to HC 0.996 ) as HCO 0.054
Mass Balance In g/hr HCs Distribution, g/hr
IN ouT Mstharie 0.399
co 73.222 | CO 28.557 | Ethane 0175
H2 3.683 | M2 1.663 § Others 12.281
co2 33.686 | Total 12.B35
H20 o1
HCs 12.835 | Product H/C ratio 2.4
TOTAL IN 76.911 j OUT 76.911 OfC ratic 0.065
HC Yield HCs Ci1+C2{pl CO Convcrsion}:te. gmole/kg Fa/hr 36
ghigFe 0.291 0.013 ] Syngas Corverted, Nm ~ 3/nr/m =8 Rx 127
3 g/nL syn 0.125  0.006 | STY 61C3+ n 24 hrs, kg/m =3 Rx 642
as
- -RE I I




TAELE 13
MATERIAL BALANCE FOR RUN 54 AT 175 HOS

Run No: b4 HOS: 175 Cetalyst: ucCi "COMPC3ITE" §
Catalyat Composition, Operating Conditions H2/CO Ratiea, !
g/iCC g Fe axT,C 28% molo/mole
Coppar 7.86 K E38 | Iniet. i e.7ce
Polassium 7.868 | Rx P, gsig 200 § Oullet, O 1250
Silicon 11.62 kPa 1480 ¥ Usage, U 0.559 1
Wi of catalystin Rx, g 72.70 ;. Convarzion anc Seiectivity -
Wiof Fein Rx, 9 39.92 | CO Conversion 75.6 ¢
Wi % Fe in catalyst 5387 | H2 Convarsion €32.5 3
Wt of start-up cil, g 290.00 | H2+CO Conversion 73.0
Vit ot Slurry. @ 362.70 | Ssiectvity 10 CO2 &7.0
Voi. of Siurry, cm ™ 3 455.65 | Selactvity o CH4 5
Wt % Solids in Rx 20.04 ! Selectvity to C2HE Q.7
Solids Conz., g/cm ~3 0.1584345 ¢
Syngas Facd Rate, ' Mazterial Bgiances, mol/hr
nL/h/gFe 2322 Im Out Converted
1E-5 mole/s/gFa 2877 | CO 2.384 0.486 1.897
mol/r 4052 k¥ M2 1.668 0.608 1.061
L/h/gFe 0313 | H2 + €O 4052 1094  2.958
Water-Gas Shitt Equilibrium Calculations
Equm. Cons. K = [CO2]{M2i/[CO] [H2Q] = exn[4577.8/T-4.33]
K= 565141 H20 out = 0.017 mol/hr
mol/hr Atcmic Balance, mol/hr
CO to TOZ 3.892 C.in 2384 | Hin 3.337 0. in 2.38¢
CO 1o HC 1.008€ Out 2.384 Ot 3.337 Out
COto CH4 £.035 | as CO2 0.892 | =aa H20 0.034 | ms Hz0O 0.017
CO 10 C2H6E Cc.014 as HC 1.006 as HC 2087 ; as co2 1.783
H2 to H20 c.017 as CO 0.486 as H2 1216 as CO 0.486
M2 te HC 1.C44 as HCO 0.057
Mezz Balance ln g/hr HCa Diatribution, g/hr
IN ouT Methane C.565
cc 66764 | CO 13.620 | Ethans G.212
H2 3.364 | M2 1.225 | Othars 14,953
co2 39.245 | Total 15,729
i H20 p.3o8
HCs 15.729 | Product  H/C ratio 2,076
TOTAL IN 70.128 | OUT 70.128 O/C ratio 0.058
RC Yiaid HCs C1+C2(pjCO Conversicn Rats, gmole/kg Fe/hr 49
gMigFe 0.402 0.020 | Syngas Converted, Nm = 3/hr/m = 3 Bx 144 3
| g/nL syn 0.173 0.002 §STY ot C3+ in 24 hrs, kg/m =3 Rx 782 §




TABLE 4
MATERIAL BALANCE FOR RUN 54 AT 24¢ EOS

Run No: 54 HOS:! 240 Catalyst: UCl “COMPOSITE" |
[Cetalyst Compesltion, Oporating Condiltions H2/CO Ratics,
$/100 g Fe R«Y, C 285 mele/mole
Copper 7.86 K 538 §inlat, | 0.700
Fotassium 7.86 § Rx P, psig 200 § Cutiet, O 0.75C
Siticon 11.02 | kPe 1430 § Usage, \J 0.840
Wit ot catalystin Rx, g 8570 | Ceonversion and Seloctivity
Wio!FeinRx. g 35.25 {1 CO Conversion 42.0
Wt % Fain catalyst 53.B1 | W2 Convarsisn 41.1
Wt of start-up oil, 8 290.00 | H2+CO Conversicn 43.4
Wit ot Sierry, ¢ 355.70 § Selectvity to CO2 480
Vol of Slurry, em ™3 456.43 | Selectivity io CH4 38
Wt % Solids in Rx 18.47 I Selectivity to T2ZHE 02
Solids Conc., g/em =3 0. 1439423
Syngas Feed Rate, Mate:lal Bal=ncos, mot/hr
nlh/gFe 5201 i Cut Cosaverted
1E-5 mole/s/gFe §.445 § CO 4 825 2.654 2.171
mol/kr 8.202 § W2 3377 1.989 1.389
L/h/gFe 0.701 | H2 + CO 8.202 4543 3.560
Water-Gas Shift Equilibrium Calculations
Equm.Cons. K = [CO21[H2)/[CO}[H20] = exp|4577.8/T-4.33]
K= £5141 HeOcut = 0.012 mol/hr
mol/he Atemic Balance, mol/br ]
CO e CO2 1.042 C.in 4.825 | H, in 6.755 O, in 4.825
COto HC 1.129 Out 4.825 Out §.755 Out
CO o CH4 0.044 | as CO2 1.042 | as H20 0.024 | as H20 0.c12
COto C2HE 0.005 { as HC 1.129 as HC 2.753 as 02 2.084
H2 1o H2QC 0.012 1 asCO 2654 asH2 3.978 as CO 2.65%4
H2 to HC 1.577 as HCO D.C75
Muas3 Balance in g/hr HCs Distribution, g/hr
IN ouUT Methane 0.706
co 135.150 | CO 74.332 L Ethare D.068
=2 6.809 | H2 4.010 | Cthers 16.760
co2 45857 | Tot! 17.534
H20 0.216
HCs 17.534 |Produst H/C ratio 2.439
TOTAL IN 141,958 | OUT 141.959 O/C ratic 0.0€6
HC Yield HGe | Ci+C2(pl CO Convarsion Rate, gmole/kg Fe/hr 61
g/h/gFe 0.496 0.022 ! Syngas Cenverted, Nm = 3/hr/m = 3 Rx 178
g/nL syn 0.095 0.004 J STY of C3+ in 24 hrs, kg/m ™3 Ax B81
37
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TABLY 1%
MATERIAY, BALANCE FOR RUN 54 AT 360 HOS

Run No: 54 HQS: 380 CTatalyst: ucCi "COMPOSITE"
Caialyst Compesition, Operating Conditions H2/CO Ratioa,
g/19%0 ¢ Fg R«T,C 285 mole/mole
Copper T.B3 4 S2E finiet | £.70¢
Fomssiurm 7.88 )} Rx P, poig 400 | O et & 0.78C
Silicon 11.02_[ kPa 2858 Lb‘srﬁg, U 0.631
Wt of eatalystin Rx, g 87,15 § Tcnversioh snd Selectivity
Wtof Fain Rx, g 32.80 § 2O Conversion 842
Wt % Fe in catalyst 53.87 j H2 Conversion 429
Wt of ztart-up oil, @ 280.00 4 H2 +CO Converaion 22.C
VR ot Slurrty, g - 351.15 | Sasectivity to CO2 37.5
Val. of Slurry, em ~ 3 454 97 | Selacivity tc CH4 2.8
Wt % Solids in Rx 17.41  Selacivity to C2H8E 0.5
Solidzs Conc., g/em ~3 0.13440595
Syngas Feed Flats, ] Mziarial Balences, mol/hr
nlh/gre 2.8626 n Out Converted
1E-5 mole/s/gFe 3.255 | CO 2.268 1.035 1.228
mol/r 3.855 | H2 1.587 bei2 0.778
Lh/gFa 0.183 } H2 + CO 3.855 1.850 2.005
Water-Gas Shitt équilibrium Calculations
Equm. Cons. K = [CO2][H2]/[CO[H20] = exp[4577.8/T-4.33]
K= 65141 H20 nut = 0.006 molt/hr
mol/hr Atomliz Ealanes, mol/hr
CO 1w CO2 0.451 C.in <.268 H. in 3.175 T O.in 2.268
COto HC 0.768 Out 2.268 Cut 3175 Out
CO to CH4 0.020 f a2z CO2 0.451 as H20 ooty as H20 0.006
COte C2HSE 0.068 | asHC 0.768 as HC 1.540 | 23 CO2 0.922
H2 to H20 0.006 | asCO 1.039 as M2 1.624 as CO 1.033
H2 o HC 0770 as HCO 0.302
Mass Bslance In g/hr HCa Distribution, g/h?
IN our Mathane 0.320
{a) €3.520 1 CO 25.092 | Ethane 0.115
H2 2.20C | H2 1.637 | Cthers 15.171
co2 20.285 § Total 15.607
H20 0.100
HCe 15.607 & Product H/C ratio 2.005
TOTAL IN 66.721 | OUT 66.721 Q/C ratio 0.383
HC Yield HCs C1+C2(pj CO Conversion Rata, gmclofkg?w’nr 37
g/h/gFe 0.474 0.013 | Syngas Convertad, Nm ~3/fr/m~3 Rx g9
g'nL syn C.181 0.005 3 STY of C3+ in 24 hrs. kg/m = 3 Rx 800 |
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TABLE 16
MATERIAL BALSNCE FOR RUN 54 AT 5¢0 HOS

RAun No: EA HOS: 506 Catalyst: UC! "COMPOSITE" |
[Catalyst Campos!tion, Operating Ccnditions \ H2/CO Ratios,
g/100gFe RxT.C 265 | mola/moie
Copper 7.86 K 558 | inlet. } £.700
Potassium 7.8¢ § RxP, psia 220 § Outiet. O 0.7790
Silicon 11.02 kPa 1480 § Usage, U 0.604
Wi of catalystin Rx, g 61.15 | Conversicn and Salactlvity v
Wtiof Fein Rx, g 52.60 I CO Convarsion 424
Wt % Fe in cztalyst £3.61 | H2 Conversion 35.6
Wt of start-up oil, g 236.06 | H2+CO Conversion /0.0
wt of Slurrty, g ' 351.15 1 Selectvity 10 CO2 44.0
Vol. of Siumry, cm ™3 454.97 Selectvity to CH4 3.9
Wt % Solids in Bx 17.41 )} Selectvity tv C2HE 0.6
Solids Conc., g/em ™3 0.134<£059
Syngas Feed Rate, Maierial Baignces, mol/ht
. al/m.gFe 2.754 In Out f.‘n:mm.'o:‘:at:!J
. 4 1E-S mole/s;gFe 3.483 || CO 2.412 1.390 1.023
F mcl/hr 4,101 § H2 1.689 1.071 0618
. L/h/gFe 0.277 | H2 + SC 4.101 2.461 1.640
Watar-Gas Shift Equitbrium Calculations
Equm. Cons. K = [Co21{H2)/|CO;iH20] = exn[4577.8/T-4.33]
K= 55141 H20 out = 0.005 moi/hr 1
mot/fr iomic Baiance, mal/hr
CO to CO2 0450 | C.in 2412 H,m 3377 O.in 2412
CC to HC 0.573 Out 2.412 Out 3.377 ot
CO o CHé 0.022 | as CO2 0.450 | as H20 0.011 ms HZO C.005
COto CZHB 0.007 | asHC 0.573 as HC 1225 | asCQO2 0.800
H2 to K20 0005 | asCO 1580 ; msH2 2142 ss CO 1.390
M2 to HC 0612 ! as HCO €.117
Mass Balence In g/hr HCs Distribution, g/hr
IN cuT Methane 0.358
co 67.575 | co 55.223 { Ethane 0.103
H2 5408 | H2 2.159 § Others 9.531
ce2 19.808 jTotal 9.953
H2C 0.096 |
HCs= 5.893 § Product H/C ratio 2.138
TOTALIN 7¢.979 | OUT 70879 & Q/C ratio 0205
HC Yield S C1+C2(pi CC Conversion Rate, gmole/kg Fa/h: 31
gmh/gFe C.304 0.014 Syngas Corverted, Nm~ 3for/m ™ 3 Ax 81
g/nL syn £.109 0.005 § STY ot C3+ in 24 hrs, kg/m ™3 Rx 03
39
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TABIE 17
EINETIC PARAMETERS FROM KUN 54 (175 BOS)

Run No.: 54 HOS: 178
Catalyst: UCi "COMPOSITE"

Catalysat 5ompasmon, Opsreting Conditions

§/100 g Feo Reactor T, C 285
Copper 7.88 X 538
Potassium 7.88 | Reactor P, psig 20C
Silicon 19.92 kPa 1480
Wi of catalyst, g 72.70 -§yngas Feed Hate,
Wtof Fein Rx, g 3212 | nlh/gFa 2.322
Wt % Fe in cataiyst. 53.81 | 1E-5 mola/s/gFe 2.877
Wit of start-up oil, § 250.00 | mol/hr 4052
Volume of Slurry, em~ 3 458.69 | L'h/gFe 0.312
Wit % Sclids in Rx 20.04
Volume % Solids in Rx 5.11 i

o

H2/C0O Ralios, moie/moile

1 Convarsion and Selectvity

iniet, |
Outlet, D
Usage, U

0.700
1250
0.555

CO Conversion

H2 Conversion

2+ C0O Conversion
i Selectivity 1o CO2
Selectivity to CH4
Selectivity to C2HE

79.8
52.6 ;
73.0 §
47.0
3s
0.7

Alpha -0.50C
Alpha* -0.574
Da 3.080
Henry's Constant,
Fa*m = 3/mai 25979
fata Paramnmster, kp
1E-11 mel/s/g Fe/Pa €.01
Raaction Rate, -r(CO +H2)
1E-5 mol/s/gFe 290
1E-5 moifs 8217
Rate Constant, l
1E-3 m = 3/kg Fe/s 0.5596 |




TABLY 1%

XINETIC PARAMETERS FROM RUN & Q4¢ HOS)

Run No.: 54 HOS: 240
Catalyst: UC! "COMPOSITE"
Czaialyst Coempozition, 5perating Conditions
3/1CC g Fe Reactor T, C 285
| Conper 7.86 K 538
Potass:ium 7.85 | Reactor P, psig 200
Silicon 1.2 kPa 1480
b Wi of catziyst, g 65.70 | Syngas Fesd Rate,
WtofFeinRx. g 33.35 | nl/h/gFe 5201
Wi % Fe in catalyst £3.81 § 1E-£ mole/s/gFe 6.445
Wt of stan-up oil, g 290.00 I mci/hr 8.202
Voiumae of Sturry, cm ™ 3 45€.43 | L/h/gFe 0.7¢C1
W1t % Sclide in Rx 18.47
L Volume % Sords in Bx 4.64
§ H2,C0 Raucs, mols/moie Converzlen and Selectivity
CO Conversion 45.0
Iniet, i 0.700 | H2 Conversion 41.1
Cutlet, O 0.750 § H2+CO Conversicn £3.4
Usage, U 0.640 { Selsctivity to CO2 48.0
Selectivity to CH4 - 3.9
y Selectivity to C2+6 0.2 ;

" alpha -0.500
Alpha* -0.528
Da 1.401
Henry's Constam,

Pa*m* 3fmaol 25978
Rate Parameter, kp
1E-11 mol/s/g Fe/Pa 6.10
Reaction Rate, -r{CO+ HZ)
1E-5 mol/s/gFe 2.80
1E-5mol/s 98 89
Rate Constant,
1E-3 m~ 3/kg Fe/s 0.€184
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TABLE 19
KINETIC PARAMFETERS FROM RUN 58 (360 HOS)

Run No.: 54 HOS: 3680
Catalyst: UCl *COMPOSITE"
_Cata!yst Composition, Operating Conditions
g/100 g Fe Raactor T, C 285
Ccpper 7.88 K 538
Potassium 7.88 | Rsactor P, psig 400
Siliecn 19.02 kPa 28532
Wt of catalyst, g S1.15 § Syngas Feed Ratse,
WtotFs inRx, g 32.90 | nl/n/gFe 5.588
W1 % F2 in catalyst 53.81 { 1E-5 mole/s/gFe £.925
Wtolstant-upeil, g 232.60 | moil/nr 8.202
Volurne of Slurry, cm~ 3 454 97 § Un/gFe 0.38%
3 Wt % Solids in Rx 17.41
Volume % Seolids in Rx 4.24
H2/CC Ratos. mole/mole Conversion and Selectivity
§ CO Conwvsrsion 54.2
fnist, i £.70C¢ i H2 Conversion 438
Oulle:, & 0.730 } H2+CO Conversion £2.0
: Usags, U 0.631 § Selectivity to CO2 37.5
Seiectivity to CH4 - 2.8
) Selectivity 10 C2HS 0.5

Alpha «0.500
Alcha* -0.8532
Da 1.827
Henry's Constant,
Pa*m~ 3/mo! 25378
Rate Parameier, kg
1E-17 mol/s/g Fe/Pa 4.43
Reaction Rate, -r{CO+H2)
1E-5 mol/s/gFs 380
1E-5 mol/s 118.48
Rate Constant,
1E-Sm~ 3/kg Fe/s 0.4448
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TARBLE 29

k! KINETIC PARAMETERS FROM RUN §4 (500 HOS)
W
_ Run No.: 54 HOS: 500
Catalyst: UCl "COMFOSITE"
—- ! Catalyat Composition, Operating Conditions
) i e/100 g Fe Reactor T. C 265
i Coppar 7.86 K 538
-— f Potassium 7.86 | Reactor P, psig 200
Silicon 11.02 kPa 1480 |
— Wt cf catalyst, g 31.15 | Syngas Feed Rale,
! Wtof Fe inRx, ¢ 32.90 § nlL/h/gFe 2,794
' W+t % Fe in catalvst 53.81 | 1E-5 mcle/s/pFe 3.453
Wt of start-up oil, g - 290.00 § mol/hr 4101
Volume of Slurry, em ~ 3 45497 | L//gFe 0.377
W1t % Solids in Rx 17.41
Volume % Solids i Fix 4.34 l
) : H2/CO Ratios, mole/moie B Conversicn and Selectivity
_ CO Conversion 42.4
' inlet, i 0.700 ; H2 Conversior: 3€.6
Outlet, O 0.770 | H2+C0 Conversion 40.C
- Usage, U ©.604 } Selectivity 10 CO2 44.0 )
Selactivity 1c CH4 3.8
L Selectivity to C2H6 0.6
Alpha -0.500
Aipha* -0.547
Da 1.225
Henry's Constant,
Pa*m ~ 3/mel 25979

Rate Parametsr, kp

1E-11 mol/s/g Fa/Pa 287
Reaction Rate, -7({CO+H2)
1E-5 mol/e/oFe 1.39
1E-5 moljs 4557
Rate Constani,
1E-3m~8/kg Fe/s 0.2803




TASBLE 23
COMPARISON WITH LAPORTE SBCR RUN AF-R6.1A

PROPERTIES OF 50LiD AND LiQuID

sl e

Solid Liquid Slurry
Wit Solids in Sturry Y 33.4 100 §
Dermtity. g/fem =3 3.9%¢ 0.686 0.786
Yolume % Solics 4.10 95.9C 100.00
Viscoshty g/cm/s . a.0225 0.0308
Surtace Tersion. N/m - 10.5 -
Farl Size, microns 10.0 - -

T

BUBBLE COLUMN DIMENSIONS

LaFore
1D ot Rz, om 57.2
LefRx. em 03.6
Slurry Leve!. fraction 080
Bx X-sacton, m ™2 026
Slurty Volume, m~ 3 1.40
Zatatys! Weight kg 1786
Ce L~ading kg/m*~3 { 1272
OPERATING CONDITIONS
Ax Termperature. K 513
£ Rx Pragaurs, kPa 1480
inlet Gas Vel.. cmi/s 4.0
feed Rate, arm ~3Mr 1 X3
nm ~3/Mhr 271.3
SV.am“3/Mhr/m ~3 281
nm S 3Mrm a3 1932
nm ~ 3Mxg Fe 2.82
Corr. factorfer kla 0587
H? Diftusivity, cm = 273 — C.0L0057
BUB2LE COLUMN MODEL CALCULATIONS
RUN AF-RB.1-A
Plant  MODEL1 MOCDEL?2
H2 Corverion. % 61.9 K5 §7.0
Ug. sm/zsec 28 27
Gaz hold-up. epsg 0.15 0.0 0.1€C3
kla {uncor). 1/s c2s7 0292
kla (eorr). 1/s o158 oI
kr.apsl. 1/8 o.eas 0.03%
KR (=kropsiR.T.He) 0.007 c.007
KM(mk__aR.T/Has) 0.0z9 0.028
K (= KRS0/ (KR + KM)) 0.005 0.005
H2 +CD Convarsior, % 24 €95 es5.5
CO Conmverzion, % a02 5.2 Ti.4
STY.mm~3Mim =23 1342 1285
STY. rm“3/h/kg Fe : 1.8€ 1.8
Mass Trarster Res., % . 1855 18.27
CQ Conv., gmola/xg Fe/h L 58 14 52.91
LCH2 produced, g/ky Fa/h 41735 a3 32
g/nm * 3 syngas _347.50 139.32

Mocel 1: Both gas anc |

iquid in plug flow

Modsl 2: Gas In plug Sow and liquid complatsly mxed
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TABLE 22

COMPARISON WIZE LAPORTE SBLCE RUN AR-R6.12 _—
PROPERTIES OF SOLID AND LIGS: -

Solic Cowd Slusry i
VW Solidds th Siurmy 182 638 pl=e)
Oenshy. gfem =3 3,190 C.888 078

Veume % Solids 299 »e.00 10000 B
‘ : Viscoshy. g/cm/s - 0.0225 0.C308
- Surtace Tension, N/m - 155 -
' ! Part. Size. microns 10.5 - -

BUSBLE COLUMN DIMENSIONS
] AP orns

ID of Rx. cm | sT2

L of Ax. cm [ N I

Slurry Level. fraction C.E8 i
Ax Xwactor, M2 ofr-{3
Slurry Yolume, m~3 . A7

Catatys? Yeigh:, kg 1295
‘ Cat Loedng kg/m~2 L 123.7

CPERATING CONDITIONS 1

Rx Temperaturs, K 1 335 Y
Fx Pressurs. xPa 1400
fniet Gaz Vol . cm/s 4.0
Fez2d Raw. am~23/Mr JAsE
nm*~3nr 2713
SV.am*3Mr/m~3 287
mn ~3Mhr/m =3 187.9
nm~3Mkg Fe 287
Corr. factor tor kla c.589
i =2 Ditus .2 ™2/ 2.000E7

BUBBLE COLUMN MODEL CALCULATIONS
RGN AF-RE.3-B
1 Pant MODEL ¢+ MODEL 2
H2 Sonversicn. % 608 | 3 4.9 65.4
Ug. em/fsac 208 27
I Gas hold-up. eps-g 0.1% c1c2 0.104
kla (uncor), i/s o8 0354
kin {zorm, 1/e S.170 0173
krepsl, 1/s .37 C.037
KR{wkr.ops|.R.7 e} 2.008 0.008
KM=kl a R T/He) 0.029 0..55
K K3 KM/ (K + €M) 0.005 0.005
H2+ CO Donversion, % (.-} g87.2 &7
CO Convannion, % e 732 04
- ISTY. Am~am/m~2 1329 $28.0
. STY. nm ~3M/ks Fe 2.00 1.89 -

' | Mass Transfor Res., % 17.83 17.70
lzo Conv.. gmcio/kg Fe/h 359 57.18 B4.17
_ ri2 produced. g/kg Fa/h 424.94 RT3
- glrn =~ 3 syngas 142.92 12545

Mcodel 1: Both gas and Deuld in plug Tow
Mocal 2: Gas ir plug flow and lquic compatsly mixsd
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TABLE Z3
COMPARISON WITH 1A PORTE SBCR RUN AF-

PROPERTIES OF SCLID AND LiQU!ID

Solid Liguid Slaurry |
W Salics i Slemy ] 15.43 84 57 100 §
Danshy. gicm ~ 3 I 2200  0sos o075 |
Volume % Sciica ST P23 *00.00
| Ycoety. p/om/s I - *o0z2S 0.0300
Swnasr Tersion, N/m - 165 -
Pant. Sze. microns [ 10.0 - -
BUBBLE COLUMN DIMENSIONS
' Laranra
I of Rx, em §7.2
LciRx. em 024
Siurry Level, fraction oLl
Rx X-secton m=2 "’ 028
Sty Yosume. m© 3 1.87
Catalyat Werght kg 1846
¢ Loading. kg/m~3 ' 1179
CPERPATING CONDITIONS
Ax Tempsratsre. X Eag ;J,
Ax Fresaure, kPa 1830 |
inlet Gaz Vai, em/c 40
Fead Rute, &= 3/Mr 38
nm = 3fhr T1.3 i
SY 2m~3Mrim "2 28.C
nm = 3Moim =23 ; 1928
nm*~ AMfkg Fe 206
Corr, tactor for kla c5%
H2 Dithusivity, em ™ 2/s 0.00057
S =
BUBBLE TOLUMN MODEL CALCULATIO NS_'
RUN AF-R6.1-C
Plav: MIDEL 1 MODEL 2
=z Converzion, % 53.0 E7.7 543
Ug. cm/aez 27 27
Gas hold-up. eps-g 0.134 0.1C3 050
kia (vmearT). /8 0220 Q285
Kot jeam) /s €172 0.175
kr.apel ife 0.035 0035
Al mir 2palR.T.He) 0.006 0.008
K=kl _a R.T/He) 0.030 0.630
K{m KR XM/ KR+ KM)) 0.005 0.005
M2+ CO Conversion, % 587 es2 a7
CO Conversion. % T T22 et 4
ETY. nm*~3M/m"~3 127.7 1208
STY, nmn ~3M/kg Fe 20 1.92
Vass Transter P & 1499 1877
CO Conv.. gmca/ky “eMm £2.1 58.04 5498
LCH2 produced, g/'kg Fe/h 42147 40878
g/nm ™3 synp=aa 140.58 133 45

Mode! 1; Both gas and liquid in plug fiow
Model 2: Gas in plug fow and liquid complstsly mixed
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COMPARISUN WETH LAPORTE SBCR RUN AF-R6.1D

oy

PROPERTIES OF SOLID AND UIQUID

Iy -

i
Scha uicuid Slurry
EW&% Soligs in Slurry 1435 85.85 100
Danaity, g/om *2 2100 o.ea3 0.751
3 Yolurns % Solich 48 Bp252 100.C0
Viszcaity. g/om/s - 02225 0.02%3
Surface Toension, N/m - 155 -
{par. Sizs. microns 0.6 - - f
BUBBLE COLUMN DIMENSIONS 3l
i La”Porte
1D of Rx, em i 572
L of Ax, =m ans.6
Siurry Lavel. fraction 050
Rx X-escton, m~2 a28
Siurry Volume, m =3 1.4
Catalyst Welght. kg 151.7
‘ Cat. Loading. kg/m ™3 “07.8 %
' COPERATING CONDITIONS 4
Ax Tempetature. X s38 |
Fx Prazaure. kPa 148D
inlat Gas Vel.. cM/s azr
Feec Fate, am 3/ 338
am = 3AMr 25CS
SV. am eSS 24.0 -~
nm~3Mr/m"3 178.0
nm~ 3/tvkg Fe 3o
Corr. tastor for kia 0587
gH2 Dithegivity. cm * 2/3 L 0.00057
‘ BUEBBLE COLUMN MODEL CALCULATIONS
i r——
RUN AF-R6.1-D
Piamt MITEL Y MODEL2
M2 Convarsion, % 54.7 sre 4.9
Ug. em/sec 2.4 25
Gas hold-up. am-3 o521 0.098 0.089
kla (uncom). 1/ 0276 a280
kla (com), 1/s 0.185 Q.ie8
kr.epsi, 1/2 2.032 L2832
KR(=kr.eps!.R.T.He) 0.003 9.00¢
KM(=ki_a.R.TAa) o.023 0.0Z9
{ = KR KM/ (KR +XM)) 0.005 0.005
H2 + CO Conversion. % 607 [ 627
CO Convenion, % 852 e X (S ¥ |
sTY.nm*3//m~2 1182 M7 -
STY. am“3/M/kg Fa 2.04 1.8
Maas Tranzter Nes.. % 18.45 %8.23
CD Conv., amoe/kg FeM 508 5834 55.11
2 produced. g/kg Fe/h 433 74 404 72
g/mm ~ 3 syngas 141,20 133 .48

NModel 1: Eoh gas and higuid in pivg flow
Mode! 2: Gas 'n plug flow and guld compistsly mixed
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TABLE 25
COMPAERISON WITE LARORTE SBCR RUN AF-R5.2E

V SSOPERTIES OF SOLID AND LIGUID
Solid Lqud Slarry
W% Soiica in Slurry 18.05 25.97 100 §
Senaity. g/om ~3 3.100 Qss8  D.743 E
Valume % Solics 339 $8.61 190.00 F
Vigcoalty, mformys - 0.022% 0.0295
Surface Tension, Nfm - Ms - i
Parl. 3ize. micrecnhs { 10.0 - |
BUSSLE COLUMN DIMENSIONS ‘
LaFans
A iD of Rx, em 572
:1; L of Rx, em &08.3
I Siyrry Level, fraction C.2C
. Rz X-sacticn, m~2 028
Slurry Volume, m =3 : 1.41
Calatyst Weight, kg 147.%
Ca Leading kg!/m ™3 1051
OPERATING CONDITIONS
ix Temperature. K f ~} ]
Rx Preszure kPa 1430
Inie} Gas Ve!.. cm/s 43
Feed Rate. am ™~ 3/Nr av4s
nm ~3/hr 2822
sv,am” 3Mhr/m =3 Z3.0
—_— . nm~3amhrms3 297.6
nm = 3/h/kg Fe a.87
Corr. tactor for kla 0.5v8
H2 Dittysivity. em = 2/z 0.00057
BUBEBLE COLUMN MODEL CALCULATIONS -
RUN AF-R6.1-E
Plamt MODELY MODEL2
H2 Converzion, % 46.0 1.2 £9.1
— . Ug. em/sac e 3.1
Gas hold-up, eps-g 0.137 0.110 D111
K.a (uncorT). 1/ | c.a14 0.317
klLa {com). 1/3 C.188 Q.10
kr.epsl. t/8 0.032 ©.032
_ KR{=kr.apsl.R.T.-He) ’ 0.005 0.055
_— KM=kl a R.T/He) 0.032 0.C33
K (m KR KM/ (KR -+ M) 0005 0.Cos
M2+ CO Conversion. % 505 58.8 S84
CO Conversion. % 537 641 z1.5
STY.Am~2M/m~=3 1221 117.¢
STY, nm* 3M/kg Fu 2.16 2.07
Mazxa Trarafer Res.. % 14.42 14.29
CO Conv., ¢moie/:g Fe/hn I 505 81.80 59.24
FCH2 produced. g/kg Fe/h 450 45 440 45
g/nm ~ 3 syngai l 12508 118.97 £ .

- Mode! 1. Both gas and liquid in Dlug flow
J Mode! 2. Gas in plug flow and kquid compistsly mixed
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