TABLE 26
COMPARISON WITHE LAPORTE SBCR RUN AF-R6.1F

PROFERTIES OF SOLID AND LIGUID

| Solid Jgquid Slurry
W% Solids in Slurry i 12.4 a7e 100
Density, g/cm~ 3 3.100 0.888 D738
Volums %% Sclids 2.85 97.05 100.0C
Viacaaity, g/cm/s - 0.0225 0.0282
Surtace Tersion, N/m - 165 .
Par. Size, microns 10.0 - - B
BUBEBLE COLUMN DIMENSIONS H
' Larore -
1D ot Rx, em 872
L of Aa. cm ana.e
Slutry Leval, fracion 0.30
Ax X-section. m™2 - 026
Slurry Valume, m =2 T4
Catalys! Weight, kg 1288
Cat icading. kg/m~3 vis
OPERATING CONDITIONS i
Rx Temperature, K 832
Ax Preasure. kPa 1480
inlet Gas Vei., cm/s 40
Fead FAata, am ~ 3/ hr as.s
nm=aMmr 2713
SY. am ~3/hr/m "3 260
nm 3 Mr/m =3I 192.8
nm =~ 3/h/kg Fe 3.
Corr factor for kla 0.805
2 Ditfhusivity, em ~ 2/t 0.00057

BUBELE COLUMN MODEL CALCULATIONS

RUN AF-R8.1-F

Plamt MWMODEL1 MODEL2

H2 Conversion, % 454 482 47.2
Ug em/aec 2.8 2.9
Gas hoid-up. eprg 0.138 0.1086 2.107
kLa {uncom). 1/s 0.a02 0308
ki-a (corr). 1/3 0.183 0.184
kr.eopal, 1/8 0.C2a D.02E
KR(=kr.opslR.T He) 0.005 0.005
KM=kl 8.R.T/r8) o031 0.032
Ki= KA.KM/KR +KM)) 0.004 0.004
H2+CO Conversicnr, % [ FX. %L 542
CO Conversion, % 525 &1.8 59.1
sSTY. Am=3M/m=™3 108.9 106.5
STY. nm*~2M/kg Fa 221 212
Mass Trarsfer Res.. % 12.11 13.00
CO Conv., gmole/kg Feh 527 .29 a7
-OH2 produced, g/kg Fem 47053 45138
g/nm ~ 3 syngas 12020 115.30

Mode! 1: Soth gas and Lquid in plug flow
Mode! 2: Gas In plug flow and quic compietsly mixed
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TABLE 27
COMPARISON WITH LAPORTE SRCR RUN AF-R6.1G

FROPERTIES OF SOL!D ANE LICUID

Sclid Ugud Sluy
Wrs Solids In Slurry 1245 &a7.55 100
Dansity. gfem ™3 3.100 0.868 [ndipge ]
Voiume % Solids 297 $7.53 109.90
Visceslty. g/lem/s - 0.0225 0.0z282
Surfaze Tension. M/m - 1L -
! Fart Size. microns 10.0 - -
BUBBLE COLURN DIMENSIONS
taPcrin
ID ot Rx. em 572
L of Rx, om 609.6
Slurry Level, fraction 0.9C
Ax X-3ection, m~2 028
Slurry Velume. m~3 1.41
Catatyst Weight, kg 1294
Ca Loading, kg/m*3 9.2
CPERZLTING CTNDITIONS
Rx Temperature, X ! £38
Ax Prassure, kPa | 1435
inlet Sas Vel cm/s 43
Feed Rate. am ~3/MNr ae4
nm~3/Mr 292.2
SV. am “3Mhr/m”™~3 28.0
nm“ 3Mmr/m =3 2078
nm~ 3/hkg Fe 420
Corr. tecter for kLa 0.605
H2 Dtﬂusig‘ .em™ 2/ 0.00057

BUBBLE COLUMN MODEL CALCULATIONS

RUN AF-RE.1-G
Model MODEL1 MODEL2
H2 Conversion. % 418 448.7 454
Ug. em/zec A a2
Gas hoig-ut. epg 0.137 o112 0.113
¥l (uncor?), 1/s 0.320 0323
K.a (corm). 1/z cas3 0.185
kropsi. 1/3 o.c2e 0.028
KR{~kr.apsl.R.T.He) 0.00% 0.005
M=kl a.R.T/He) 0.653 Q.04
K= KR KM/ KR+ KM)} 0.004 0.004
H2+CO Conversion. % 44 5 538 51.7
k 20 Convarsion, % ase 585 55.4
STY. nm ~3M/m~23 111.3 197.4
STY, nm ~3Mkg Fe 2.25 217
Mass Trenster Res.. % 12.52 1243
CO Conv., gmola/kg Fe/h 50.0 82 a1 a2 14
LCH2 produced, g/kg Fumh A7E. 34 482 00
g/nm = 2 gyngal 114.09 510.08

Mode! 1. Both gas ond lquid in piug fiow
Model 2. Gas in plug fow and bquid completsly moad
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TABLE 28
COMPARISCN WITH LAFORTE SBCR RUN AF-RC.1H

FPROPERTIES OF SOLID AND LIQUID

Soiid Liguid STy
Wi% Solids in Slurry 1.8 R34 100 §
Density, gfem =3 3.1C0 O.GAG 0733
Velums % Solics 274 7.2t 100.00
Vizcenity, g/em/s - 00225 G.c277
Surface Torsion. N/m - 4 -
Part. Size, microns 10.0 - -

BUBELE COLUMN DIMENSIONS

M2 Dlﬂuslvﬁ. em~™2/s

LaPorte
|10 of Rx, em 572
L of Ax, em [ - K]
Slurry Level. fraction 290
Ax X-sacton. m~2 026
Slurry Volume. m~3 T.49
Catalyst Waight. kg 1197 ¥
Cat Leoading. kg/m~ 12 85.0 J
OPERATING CONDITIONS
Rx Tamperature. K 538
Rx Pressure, kPa 1482
Iniet Gas Vel.. cm/s 43
Fasd Rate. am ~3/hr 394
nm "~ 3Mhr 202.2
SV. am“3Mr/m ™o 28.0
Aam~amr/m*3 207.6
nm "~ 3Mkg Fe 4.54
Corr. tacior for kla 0.807
0.00057

BUBBLE CCLUMN MODEL CALCULATIONS

AUN

AF-AR.1-M

L CH2 produced, g/kg Fa/h
g/mm ™ 3 syngas

Plam  MODELY MODEL 2 |
H2 Conversion. % a4 4.2 2.7
Q. cm/zec 32 32
Gas hold-up. spsg 0143 0.113 0.114
kLa (uncorr), 1/s 0.323 c.326
kla (zom), 1/a 0.198 0.188
kropzl. 1/3 0.026 €.C28
KR(=kr.aps! R.T.Hs) 0.004 0.004
KM{=kL a.R.T/He) 0.004 0.034
K(m KR.KM/ KR+ KM)) 0.004 0.004
H2+ CO Conversion. % 400 50.8 491
CO Corrrarsion, % 425 553 535
sSTY.am~3mm=d 1054 101.%
STY, nm ~ 3M/kg Fe 2.30 223
Mass Trensfer Res.. % 1152 11.48
CO Conv., gmola/kg Fem 455 €5.91 £3.72

490.01 4737
107.98 104 3%

Moce! 1: Both gas and kguid in piug flow .
Mode! 2. Gas n plug flow and liquid compiately mxed
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TABLE 29
COMPARISON WITH LAPORTE SBCR RUN AF-R6.2A

vy

PROPERT:ZS OF 50LIND AND LIQUID

Solid Liquid Slurry ¥
W% Soligs in Siury 10.45 2g51? 100
Conalty. gflem =3 3100 0.&55 0.726
Voiume % Solids 2.46 97.54 100.00
Viscosity, g/em/a - o.cz2s 0.G271
1 Surface Tenzion. N/m - 185 -
Part. S2e. microns 100 - -
BUBSLE COLUMN DIMENSIONS
LaPorts
1D of Rx em 572
LotRx. em 8086
Slurry Laval fraction C.52
Rx X-sectich m~™2 028
Slurry Volurme, m=~3 1.41
Catatyst Waight kg H 1072
Cat Loadirg ke/m~3 | T8.2
OPERATING COND: TIONS
Rx Tormperatire, K 5358
Bx Prezsurs, kFa 1480
Iriet Gas Vel.. em/s 82
Fesd Rate. sm ™ 3/Mr- 76.0
mm ™ 3/Mr 563.8
SV.am "~ 3/hr/m~3 54.0
am ™ 3fr/m T3 400.4
mm = 3/M/kg Fe 8.77
Corr. factor for kla 0.811
H2 Di'ffu:'nill em ™2/ %.00057
BUSBELE COLUMN MODEL CALCULATIONS
AUN AF-RE.2-A
Plart MODEL1 MODEL 2
Hz Conversior, % 23 252 250
Ug. cm/zec 7.3 7.1
Gas hold-up. eps-g 2es 0.178 Q178
kla (uncorr). 1/s c.531 0.531
klLa (efT). /8 0324 0324
Kkr.epal. 1/s 0.025 0.025
KR(=kr.sps!.R. 7. He) 0.004 0,004
KM{wikl a R T THa) 0.056 0.058
K({=KR.IKM/ (KR + ¥M}) 0.004 0.004
H2 +CO Converaion, % 2% 288 z8.4
CO Converyion, % 202 278 27.4
STY, om“ 3/M/m ™2 1085 1057
STY. nm ~3Mfkg Fe 280 2.58
Mass Trareieor Res., % 725 T25
o0 Conv.. gmow/kg Fa/Mh 436 o 7019
LCH2 produced, g/kg Far 81887 512.00
/nm 3 syTons 32.80 £2.40
Mcdsl 11 Bot: gas and liquid in plug flow
Mcciel 2: Gas in plug flow and liquid compistely mixed
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TABLE 30

COMPARISON WITH LAPCRTE SBCR RUN AF-R62B

PRCPERTIES OF SOLID AND LIQUID

| Solig dquid Slurry
W% Solida in Siurry 845 oC 55 100
Donstty. gfcm=3 3,100 0.865 0.72C
Volume % Solids 2.19 7.3 10C.0C
Viscosity. g/cm/s - 0.c225 C.0266
Surtace Tension. N/m - 185 -
Par. Size. microns 100 - .

P —————— ——
BUSSLE COLUMN DIMENSIONS

LaPorte
D of Ax, ¢m £72
Lol Rx, em 6028
Siurry Laval, fractca 0.8C
Rx X-secton, m™~2 02t
Slurry Volume, m~ 3 1.41
Catalyst Waight. kg 5.7
Ce!. Loading. kg/m~3 02.0
QOPERATING CONDITIONS
Rx Temperatire, K ' £3m
Rx Precaure, kPa 1480
inist Gas Vel cm/s 8.2
Fesd Rats. &m ~ 3/hr 768.0
nm ~ 3/hr 5€3.6
SV, am = aMmrm 3 54.0
nm S 3Mrim =3 400.4
oo~ 3/M/kg Fe | 10.54
Corr. tactor tor kia | 0.813
H2 Difnavity. em ~2/s | 0.00057
BUBS_E CCLUMN MDDEL CALCULATIONS
RN AF-RE.2-B
Plam MODEL 1 MODEL 2
H2 Conversion, % 1.4 229 227
Ug. em/aec 72 7.2
Gas hold-up. speg ] 025 0179 0.17%
kla (UhcorT), 1/8 0535 05358
kLa (corm). 1/s 0328 0328
kressl, 1/s 00z23 co023
KR(wkr.epslR.T Ha) 0.004 C.004
KM (=kl_a R T/He) c.058 0.056
K{= KR KM/ (KR + KM)) £.004 C.004
HZ+CO Conversion, % 182 Mz 240
CO Conversion, % 17.3 251 249
STY.rm~23M/m 2 psa 8.0
STY. nm ~3M/Xg Fs 285 z.82
Mass Tramafer Ras., % G428 B.45
CO Conv.. gmole/kg FeM 5.9 71.98 71.41%
LCH2 produced, g/kg Folh 525.01 520.8%
g/nm "™ 3 syngas 47 28 A7 80
Moce! 1: Both gaz and liquid in plug flow
Mcdel 2: Gas in piug flow and lquid compistety mixed
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TABILE 31
COMPARIZ'ON WITH LAPORTE SBCR RUN AF-R6.3A

PROCERTIES OF SOUID AND UQUID

Sohd Lgwid Slurmy
Wi Scilds in Slurry 284 g1.56 100
Dansity. g/om *3 3.1¢00 O.885 9.714
Volume % Solids 1.84 9208 100.00
Viscoalty. glem/s . Do 0.0261 A
Surtace Tension, N/ - 185 -4
Fan. Size. microns 10.0 - _-!,
BUBRLE COLUNSN DIMENSIONS
LzPors
0 of Hx. otn 52
L ot Ax, em Lie K.}
Slurry Lavel, fraction ol
Rx X-agction, m ™2 <&
Siurry Volume, m* 3 1.41
Cuaialys! Waight. kg 848
Cel LogZing. kg/m ™3 80.2
OPERATING CONDITIONS
Rx Tamperaturs, X sae
Rx Proasure, kFa 2859
iniet Gas Val.. cm/a 4.2
Feed Rate. s *3I/Mr 284
nm~3Mnr 564 .4
SV.am~3Mrim*3 280
nm~AMhrm =3 401.0
rm~3/h/kg Fe 1238
Cor. factoriorkle 0.815
H2 Dittusivity, cm ~ 2/s 0.0C0O57
BUSBLE COLUMN MODEL CALGULATIONS .
RUN AF-RE.3-A
Piar MODEL 1 MODEL?2
H2 Convarsion, % 2.0 27.7 269
Ug. cm/sec 38 37
QRar Fold-up. eps-g c202 0.1214 6122
kim (unzom). i 0.35C 0.3%1
kla (eor). 1/2 0215 0.218
kr.epsi, /9 0.014 D014
KR(mk: ops!. A T M) 0.002 0.002
KM/ =kl e A.T/He) o.caz 0.a7
K {w= KR XM/ KR+ KM)) .002 0.002
M2+ CO Conversion, % 302 285 287
CO Conversion, % 288 0.7 299
STY.nm < 3AM/m~3 1182 1150
STY. nm ~ 3Mkg Fe aa8s as5
Maxs Transfer Res.. % a2 827
CC Corniv., gmole/kg Fe/h B2 4 26.81 97 .05
H2 procuced. g/kg Fam 574,98 850.23
g/nm ~ 3 syngas 70.70 B8 .75

Wodel 1: Both gas and liquid in plug flow
Model 2: Gas in plug flow and iquid completaly mbed
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TABLE 32
COMPARISON WITH LAPORTE SBCR RUN AF-R53E

e
PROPERTIES OF SOUD AND UQUID

Liquid Siurry

1 Sond
Wi Solids in Slurry 7.95 g2.01 10
Denatly. g/em ™3 2.100 0.88€ 6T
Volume % Solids 1.83 *8.17 100.00
Vcotly, gfem/s - 0.c225 0.0259
Syurfacs Tension. N/m - 85 - i
Parnt. Size, mizrons 1C.0 - - i
[ S oEEE GO ovR DMEREIONS
LaPona
iD o Ax, em Y h<d
LofRx, cm 3085
g Slurry Lavel. fraction oW
Ifiz Xsoction. m~ 2, 522
£ Sicrry Volume, m ™2 <21
Cazalyrt Vislght, kg 74.5
Cat Lozding. kg/m 3 56.8 |
OPRPERATING CONDITICNS
Fx Temperature. K 538
Ax Praszure. kPa 2859
inlet Gan Val.. cm's 43
Feed Fats, am ™ 3/hr 284
am =3 L1 o)
SY. ara "M~ 3 280
nm=3dMm =2 £01.5
nm~ 3™y Fa 13.14
Corr. factor for kLa 0.615
| H2 D*Musiviey em ~ 2/s £.00057
BUSBLE CO_UMN MCDEL CALCULATIONS
RN AFREaD
Plant MODEL1 MODEL 2
H2 Conversion. % ao.y 6.3 25.6
Ug. cm/fssc 2.7 az
Gas hold-up. apt-g o221 0.122 0.122
kLa (uncorr). i/s 0.351 0352
kia (corT). 1/8 0218 0217
kr.opsl. 1/a 0.C14 0.01¢
KR{=kr.e«ps!.R.T.He) 0.002 0.2
KM (wkia R.T/Ha) 0.037 0.c37
K (= XR, KM/ (KR + KWD) 0.002 0.002
H2+ L0 Conversion, % 27.3 280 273
CO Convenlon % 28.1 282 284
STY. nm“~3Mm/m~3 1124 1095
STY, nm ~3f/kg Fe a.ez 358
Masz Transter Rat.. % 582 290
Co Conv., gmola/kg Fs/h 852 10058 92.03
FCH2 prodused, p/kg Fe/Mh sa1.84 A5 44
g/nm “ 3 syngas 57.13 85.42

Moda! 1. Both gas and liquid in plug fiow
Model 2. Gas in plug fiow and liquid complatsly mixed
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TABLE 33
COMPARISON WITH LAPORTE SBCR RUN AF-RG.4A

1 FPROPERTIES OF SOUD AND LQUID
Solg wHaud Sy
- W% Solida in Slurry 7.42 9257 100
Density. g/fem =3 At 0.c8% c.702
. Voiume % Solids 1.70 $3.20 100.00
- Viscoshy, g/em/s - p.b2es 0.L256
Surtace Tension, N/m - 85 -
— Part Size. microns 10.0 - -
i BUS 5.F COLUMN DIMENSIONS

. LaForts
- §iD of Ax. em 572
bLofAx. em coR.e
i Siury Lovel. fractior: 0.51
Rx X-saction, m*2 026
Slurry Volume. m~ 3 1.42
o— Catahys? Waight kg 746
' Cat. Loscing. !;,’.‘n ~3 £2.6

QFERATING CCNDITIONS
Ax Temparature, K 538
Px Prassura, kFa 1580
Inigt Sas Val., em/s 4.0
FesC rRate, am = 3/Mr 3B8e
rm "~ 2 2713
SV, am“ 2Mr/m ~ 3 257
am* 3/hrfm ™3 1925
am =~ 3Mkg Fe €73
Corr. tactor for kla c.e&15
2 Dithasivity, cm™2/s | 0.00057
BUSEBLE COLUMN MODEL CALCULATIONS —

RAUN AF-RS. 4-A
Plart MODEL 1 MODEL 2
H2 Convarsion, % 283 17.7 17.4
Lg. emnfsec 3.5 3E
Gas rold-up. eps-g 0.157 0.120 0.120
kia (UncetT). ifs ] 0.348 0.348
kL3 (corm), 1/s 0.213 o212
) k- apsl 1/s 0.008 o.co8
KR{=ki.opslP.T.He) c.m0" 2.001
KM=}t n. R T/He) 0.c37 0.037
R K (e KL M SR -+ KM)) 0.0 0.001
H2 + S0 Conversion, % a8 e 13.0
CO Corwvarsion, % 82 205 20.1
sST™.am~3Mim~3 s agz2
STY. nm~ 3/h/kg Fe 130 128
Mass Trarsler Rec., % 353 359
1coO Conv.. gmole/kg Fe/h 457 asze as sy
— LCH2 produced, g/kg Fe/h 284,55 27533
I g/nm 3 syngas 42.30 41 48

Mode™ 41 Beth gan and ilguid in plug flow
Modsl 2: Sas in plug fiow and HQuid somalelely mixed
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TABLE 34
COMPARISON WITH LAPORTE SBCR RUN AF-RS.4B

! PROFEATIES OF SOLID AND LIOUD 3
Sold Ligquid Slurry
W% Solids in Slury 717 ¥2.33 100
Censity. g/lem ~ 3 3.100 0.868 0.706
Volurne % Solida 1.83 9837 1C0.00
Vicesalty, gfem/a - 0.coss 0.0255 5
! Surteca Tension, N/m - 185 -
f Par. Sze. microns b 10.¢ - -
BUSSLE COLUMN DIMENS.ONS
Lx?-‘om
IE > Rz, em 572
LefRx cm 8098
Slurry Level, fraction 0.80
Rx X-aacton. m~2 028
Slurry Voluma, m =2 1.41
Castyst Weighs, kg : 71.2
Cat Loaging. kg/m~3 ! 50.8
CPERATING CONDITICNS
f Ax Temporature. K 538
i RAx Prezsura, kPg 1450
Y Inie; Gas Vel cmy/s 4.0
Fead Rate, om ~3/hr 386
am = 3mr 271.3
SY. am "~ 3/arm~3 28.C
A 3Mrm 3 1e2.8
mm ~ 3Mh/kg Fe 7.08 |
Corv. tactor for klLa 0.618
H2 Diffusvity em“ 2/s 0.00057
BUBBLE COLUMN MODEL CALCULATIONS
RUN ] AFFG.4-B
Plam MODEL1 MODEL 2
H2 Convzraion, % 283 16.0 16.¢
Uz, emm/ioc as 28
Gas hoid-up. eps-3 0.157 G.121 0.121
kit {unsorr). t/o 0.347 0.347
kia (corr). 1/a 0214 0214
xr.opel, 1/a 0.003 0.008
KRA(=ir.aps!.R.T.Ha) 0.004 G.D01
(=L & R T /Hs) 0.G37 o637
K(m KR KM/ICH + KM)} 0.001 0.001
rH2 +CO Conversion, % %8 184 18.1
CO Convamion,. % 282 168 10.2
STY. rm ~3M/m=~3 254 3as.0
STY. nm~3M/g Fe ! 130 128
Mass Trensfer Res., % .45 45
CC Cenv.. gmole/kg Famh I 2.2 3618 o5.73
FCH2 produced, g/kg Fef | 22421 2E0.89
Q/nm * 3 syneas ] 0,15 39.56 )

Modal 1: Both gcas an< liquid in plug fow

Modael 2: Gas in 2ug flow and liquid complotsly miad




FIGURE A-1
SUMMARY DATA FOR RUERCHEMIE CATALYST - RUN 31
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SUMMARY DATA FOR RUBRCHEMIE CATALYST - RUN 3i
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FIGURE A<
SUMMARY DATA FOR RUHRCHEMIE CATALYST - RUN 31
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FIGURE A-5
SUMMARY DAT4 FTOR RUHRCHEMIE CATAIYST -RUN 31
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FIGURE 46

SUMMARY DATA FCR RUBRCEEMIE CATALYST - RUN 31
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ST - RUN 31

FIGURE A-7

SUMMARY DATA FOR RUERCEEMIE CATALY
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FIGURE A-8
SUMMARY DATA FOR UCE-"G" CATALYST - RUN &4
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FIGURE A-2

4 SUMMARY DATA FOR UCI-"O" CATALYST - RUN 44
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FIGURE A-10

SUMMARY DATA FOR UCI-"O" CATALYST - RUN 44 \
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SUMMARY DATA FOR UCI-"O"

TEMP., °C 280
FEID, NL/HgFe 20
PRESSURE, PSIC 183

FEEDLOT §

-
()

6C2 Cl
SELECTIVITY

H2/C0
OUTLET

co + H2
CONVERSION

FIGURE A-11

CATALYST - RUN 44
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FIGURE A-12
SUMMARY DATA FOR UCI-"O" CATALVYST - RUN 4
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FIGURE A-i3
SUMMARY DATA FOR UCI-"O" CATALVST - RUN &4
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FIGURE A-15 .
SUMMARY DATA FOR UCI-"O" CATALYST - RUN 4§
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FIGURE A-i6
SUMMARY DATA FOR UCI-"O" CATALYST - RUN 48
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