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5-CONCLUSIONS

The aims of the present work are modeling and simulation of Fischer-Tropsch

slurry bubble column reactor as well as energy conservation in the FT process. The

two- class bubble model of Van der Lann et al. (1999) was chosen for simulation.

The model equations were solved analytically. An overall executive program that

calls different subroutines at request to calculate the hydrodynamic and kinetic

parameters and at the same time performs the necessary calculations needed for

model solution was developed

The developed software was used to reproduce the performance study of an

industrial scale slurry F-T bubble column reactor that uses iron based catalyst which

was undertaken by Van der Laan et al. (1999).

The operating conditions were varied s as to stdy the effect of superficial gas

velocity, solids holdup and H/ CO feed ratio on synthesis gas conversion and

reactor productivity. Ft was found that synthesis gas conversion decreases with

increasing superfcial gas velocity, decreasing solids holdup and decreasing H/ CO

feed ratio. On the other hand reactor productivity increases with increasing all three

variables.

The Sofiware results are similar to those obtained by Van der Laan et al.

[1999]. This confimmed the validity of the proposed method of solution

The same model but with cobalt catalyst based kinetics was used to simulate the

performance of the pilot scake slurry reactor ofthe FT AFDU demonstration plant at

l aporteم Teras USA. Simulation studies were performed under different operating

conditions.

Conversion of both hydrogen and carbon monoxide are slightly higher than the

pilot results. The reason of this discrepancy is thought to be due to diffusivity values

necessary to calculate mass transfer coefficients. Diffusivity and hence mass

transfer coefficients have strong influence on the reactants concentrations in the

bHble column slurry reactor and hence synthesis gas conversion
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The parameters of the ORPDM of Wan der Laan et al. (1999) were modifed
so as to suit selectivity obtained from cobalt catalyst. The model results are in
excellent agreement with the repcrted experimental results for gas holdup and
reactor productivity and in fair agreement with the reported conversion and
selectivity for light hydrocarbons.

Energy conservation in the pilot scale slurry-phase FT AFDU demorstration

plart at Laporte Texas USA has been attempted in this work. The transshipment

model for minimum energy utilization developed at the Egyptian Petroleum

Research Istitute has been utilized together with LDNDO linear programming

solver to establish minimum energy utilization.

Five assigned minimum temperatre differences, ATAمن namely; 10, 20, 30, 40

and 50 "C were utilized. The results indicated that hot utility was not needed until

٥T,\ =30 "C. Thus a total saving of the hot utility was possible. The minimum cost

heat exchanger network was chosen among the designed neTworks at different

minimum temperatre differences. That corresponded to, ATAi= 10%C showed the

minimum annualized cost.

120



REFERENSES



REFERENCES

• Abbot, J. "Advanced steam reforming technology in GTL flowsheets,
conference proceeding "monetizing trended gas reserves", 1998

• Adesina, A.A., Hydrocarbon synthesis via Fischer-Tropsch reaction:
travails and triumphs, Appl. Catal. A 1996, 138, 345.

• Agee, M. A., Stud. Surf. Sci. Catal. 1998, 119, 931.

• Ahmed S. and Linnhoff B., overall cost targets for heat exchanger
networks .1. Chem. E. annl. Res. Mtg, Bath, 1984.

• Akita, I., Yoshida, F., Gas Holdup and Volumetric Mass Transfer
Coefficients in Bubble Columns, lnd. Bng. Chem. Process Des. Dev. 1973,
12, 76.

• Anderson, R.B., Catalysts for the Fischer-Tropsch sythesis, vol. 4, Van
Nostrand Reinhold, New Yor 1956.

• Anderson, R.B., The Fischer-Tropsch synthesis, Academic Press, New
York 1984.

• Atwood, H.E.; Bennett, C.0., Kinetics of the Fischer-Tropsch reaction
over iron, lnd. Eng. Chem. Process Des. Dev. 1979, 18, 163.

• Bell, A.T., Catalytic synthesis of hydrocarbons over group VIIl metals. A
discussion on the reaction mechanism, Catal. Rev.-Sci. Eng. 1981, 23, 203.

• Berge van, P.J.; Everson, R.C., Cobalt as an alternative Fischer-Tropsch
catalyst to iron for the production of middle distillates, Stud. Surf Sci.
Catal. 1997, 107, 207.

• Bhatt, B. L. "Liquid phase Fischer-Trposh (I&IV) demonstration in
Laporte Alternative Fuels Development Unit-Topical report, Final
(Volume I/II: Main Report)-1999

• Biloen, P.; Helle, J.N.; Sachtler, W.MH., Incorporation of surface
carbon into hydrocarbons during Fischer-Tropsch synthesis: mechanistic
implications, J. Catal. 1979, 58, 95.

• Bub, G.; Baerns, M., Prediction of the performance of catalytic fixed bed
reactors for Fischer-Tropsch synthesis, Chem. Eng. Sci. 1980, 35, 348.

• Bukur, D.B,, Some comments on models for Fischer-Tropsch reaction in
slurry bubble column reactors, Chem. Eng. Sci. 1983, 38, 441.

،

121



• Calderbank, P.H.; Evans, F.; Farley, R.; ،Jepson, G.; Poll, A., Rate
processes in the catalyst-slury Fischer-Tropsch reaction, Catal. in Practice
1963, 66.

• Chanenchuk, C.A.; Yates, 1.C.; Satterfield, C.N., The Fischer-Tropsch
synthesis with a mechanical mixture of a cobalt catalyst and a copper-based
water gas shift catalyst, Energy Fuels 1991, 5, 847.

• Chaumette, P.; Courty, Ph.; Kiennemann, A.; Ernst, B., Higher alcohol
and paraffin synthesis on cobalt-based catalysts: comparison of
mechanistic aspects, Top. in Catal. 1995, 2, 117.

• Chemical Engineering Journal (April 2003).

• Chichen, G.C.; Mansfield, K.; Spencer, M.S., The methanol synthesis:
How does it work?, CHEMTECH 1990, 241.

• Choi, G.N.; Kramer, S.J.; Tam, S.T.; Fox, ,.M. ل Design/economics ofa
natural gas based Fischer-Tropsch plant, in Spring National Meeting,
American Institute of Chemical Engineers, Hlouston, 1996,

• Choi, G.N.; Kramer, S.J.; Tam, S.T،; Fox, J.M.; Carr, N.L; Wilson,
G.R., Design/ economics of a once-through natural gas based Fischer­
Tropsch plant with power co-production, in Coal liquefaction and solid
fuels, Pittsburgh, 1997

• Chuang, S.C.; THian, Y.H.; Goodwin, Jr., J.G.; Wender, I., The use of
probe moelcules in the study of CO hydrogenation over SiO,-supported
Ni,Ru, Rh, and Pd,J. Catal. 1985, 96, 396.

• De Swart, J.W.A., Scale-up of a Fischer-Tropsch reactor, Ph.D. thesis,
University of Amsterdam, Amsterdam, The Netherlands 1996.

• De Swart, JW.A.; Krishna, R.; Sie, S.T., Selection, design and scale up
of the Fischer-Ttopsch reactor, Stud. Surf. Sci. Catal. 1997, 107,213.

• Deckcwer, W. D.; bubble column reactor, Wiley & Sons, LTD. 1992.

• Deckwer, W. D.; Kokuun, R.; Sanders, E.; Ledakowiez, S., Kinetic
studies of Fischer-Tropsch synthesis on suspended Fe/K catalyst. Rate
inhibition by CO and HO, Ind. Eng. Chem. Process Des. Dev. 1986, 25,
643.

• Deckwer, W. D; Louisi, Y.; Zaidi, A،; Ralek, M., Hydrodynamic
properties of the Fischer-Tropsch slurry process, Ind. Eng. Chem, Process
Des. Dev. 1980, 19, 699.

• Declwer, W, D.; Schumpe A., Lmproved Tools For Bubble Column
Reactor Design And Scale-Up, Chem. Eng. Sci. 1993, 48, 889.

122



• Deckwer, W. -D.; Serpemen, Y.; Ralel, M.; Schmidt, B., On the
relevance of mass transfer imitations in the Fischer-Tropsch slurry
process, Chem. Eng. Sei.1981,36, 765.

• Deckwer, W.-D.; Serpeman, Y.; Ralek, M.; Schmidt, B., Modeling the
Fischer- Tropsch synthesis in the slurry phase, Ind. Eng. Chem. Process
Des. Dev. 1982, 21,231.

• De-Swart, J.W.A., Scale-up of a Fischer-Tropsch reactor, Ph.D. thesis,
[niversity of Amsterdam, Amsterdam, The Netherlands 1996.

• Dietor, R.A.; Bell, A.T., Fischer-Tropsch synthesis over reduced and
unreduced iron oxide catalysts, J. Catal. 1986, 97, 121

• Dixit, R.S.; Tavlarides, L.L., Kinetics of the Fischer-Tropsch synthesis,
Ind. Eng. Chem. Process Des. Dev. 1983, 22, 1.

 د

• Donnelly, T.J.; Satterfield, C.N., Product distributions of the Fischer­
Tropsch synthesis on precipitated iron catalysts, Appl. Catal. A 1989, 52,
93.

• Dry, M.E., Advances in Fischer-Tropsch chemistry, Ind. Eng. Chem. Prod.
Res. Dev. 1976, 15, 282.

• Dry, M.E., Catalytic aspects of industrial Fischer-Ttopsch synthesis, J.
Mol. Catal. 1982 a, 17, 133.»

• Dry, M.E., hydrocarbon processing 1982 b, 61, 124

• Dry, M.E., The Fischer-Tropsch synthesis, in J.R. Anderson; M. Boudart,
eds.,Catalysis-Science and technology, vol. 1, Springer-Verlag, New York,
1981, 160.

• Dry, M.E.; Shingles, T:; Boshoff, L.J.; Oosthuizen, G.]., Heats of

adsorption on promoted iron surfaces and the role of alkali in Fischer­
Tropsch synthesis, J. Catal. 1969, 15, 190.،

• Dry, M.E.; Shingles, T.; Boshoff, L.J.; Oosthuizen, G.J., Rate of the
Fischer-Ttopsch reaction over iron catalysts, J. Catal. 1972, 25, 99.

• Erkey, C., Rodden, J. B., Algerman, A..," A Correlation for predicting
diffision coefficients in alkanes,, Can. J. Chem. Eng. 1990, 68, 661.

• Everson, R.C.; Woodburn, E.T.; Kirk, A.R.M., Fischer-Tropsch
reaction studies with supported ruthenium catalysts l. product distributions
at moderate pressures and catalyst deactivation, J. Catal. 1978, 53, 186.

• Feimer, J.L; Silveston, P.L; Hudgins, R.R., Steady-state stdy of the
Fischer-Tropsch reaction, Ind. Eng. Chem. Prod. Res. Dev. 1981, 20, 609.

123



• Fischer, F.; Tropsch, H., Uber die Herstellung synthetischer olgemische
(Synthol) durch Aufbau aus Kohlenoxyd und Wasserstoff, Brennst. Chem.
1923, 4,276.

• Fleisch T H, Sills R A and Briscoe M. D., Emergence of the Cas-to­
Liquids Industry: a Review ofGlobal GTL Developments J. ofNatural Gas
Chemistry 2002, 11, 1.

• Fox, IIl, J.M., "The different catalytic routes for methane valorization: an
assessment of processes for liquid fuels", Catal. Rev.-Sci. Eng. 1993, 35,
169.

• Frohning, C.D.; Kolbel, H. Ralek, M.; Rottig, W.; Schuur, F.; Schulz,
I., Fischer-Tropsch-Synthese, in J. Falbe, ed., Chemierohstoffe aus
Kohle, Georg Thieme Verlag, Stuttgart, 1977,219.

• Froment, G.F،; Hosten, L.H., Catalytic kinetics: modelling, in J.R.
Anderson; M. Boudart, eds., Catalysis. Science and technology, v0l. 2,
Springer-Verlag, New York, 1981 pp. 98.

• Galli M. R. and J. Cerda, Synthesis of structural-constrained heat
exchanger networks L: Series networks. Comput. dhem. Engng., 1998a 22,
819-839.

• Galhi M. R. and J. Cerda, Synthesis of structural-constrained heat
exchanger networks II: Split retworks. Comput. dhem. Engng., 1998b 22,
1017-1035.

• Gerard P. Vander laan and Antonie A. C. M. Beennacker "Intrinsic
kinetics of the gas solid Fischer-Tropsch and water gas shift reactions over
aprecipitated iron catalyst " Appl. Cat., 2000,  د.193,39

• Gerard P, Vander laan and Antonie A. C. M. Beennacker,
Hydrocarbon selectivity model for the gas-solid Fischer-Tropsch Synyhesis
on precipitated iron catalysts" Ind. Eng. Chem. Res., 1999, 38,1277.

• Gerard P. Wander laan and Antonie A. C. M. Beennacker; Krishna, R.
Multicomponent Reaction Engineering Model for Fe-catalyzed Fischer­
Tropsch Synthesis in Commercial Scale Slurry Bubble Columns Reactors.
Chem. Eng. Sci., 1999, 54, 5013.

• Gerard. F. van der Laan, "Kinetics, selectivity and scale up of the
Fischer-Trposh Synthesis", Ph. D. Thesis, the university of Amsterdam,
Amsterdam, Netherlands, 1999.

• Glebov, L.S.; Kliger, G.A., The molecular weight distribution of the
products of the Fischer- Tropsch synthesis, Russ. Chem. Rev. 1994, 63,
185.

124



• Graaf, G.H.; Winkelman, J.6.M،; Stamhuis, E..; Beenackers,
A.A.C.M., Kinetics of the three-phase methanol synthesis, Chem. Eng. Sci,
1988, 43, 2161.

• Gregor, J.H., Fischer-Tropsch products as liquid fuels or chemicals. An
economical evaluation, Catal. Lett. 1990, 7, 317.

• Grenoble, D.C.،; Edstadt, M.M.; Ollis, D.F., The chemistry and catalysis
of the water gas shift reaction, J. Catal. 1981, 67, 90.

• Hikita, H. S.; Asai, S.; Tanigawa, K.; Kita0, M., Gas Holdup in bubble
columns, Chem. Eng. J. 1980, 20, 59.

• Hikita, H. S.; Asai, S.; Tanigawa, K.; Kita0, M., The Volumetric Liquid­
Phase Mass Transfer CoefTicients in Bubble Colummns, Chem. Bng. J. 1981,
22, 61.

• Higman C. " Synthesis Gas Processes for Synfuels Production presented
at UROGAS '90 Ttondheim, .June 1990

• Hohmann E. C., Optemum networks for heat exchangers, Ph.D. Thesis,
Univ. of Southern California 1971.

• Hovi, J. P.; Lahtinen, J.; Liu, Z.S.; Nieminen, R.M., Monte Carlo study
of CO hydrogenation on cobalt model catalysts, J. Chem. Phys. 1995, 102,

 د

7674.

• Huff, Jr., G.A.; Satterfield, C.N., Intrinsic kinetics of the Fischer-Tropsch
synthesis on a reduced fused-magnetite catalyst, Ind. Eng. Chem. Process
Des. Dev. 1984, 23, 696.

• Idogawa, K, K. Ikeda; Fukuda, F.; Morooka, S., Effect of Gas and
Liquid Properties on the Behavior of Bubbles in Bubble Columns under
High Pressure. Int. Chem. Eng. 1987,27,93.

• Idogawa, K. K. Ikeda; Fukuda, F.; Morooka, S., Effect of Gas and
Liquid Properties on the Behavior of Bubbles in Bubble Columns under
High Pressure. KAg. Kog. Ronb. 1985,11, 432

• Iglesia, E.; Reyes, S.C.; Madon, R.J.; Soled, S.L., Selectivity control and
catalyst design in the Fischer-Tropsch synthesis: sites, pellets, and reactors,
in E.E. Eley; H. Pines; P.B. Weisz, eds., Advances in Catalysis, vol, , ي39
Academic Press, New York, 1993 a, 221.

• lglesia, E.; Reyes, S.C.; Soled, S.L., Reaction-transport selectivity models
and the design of Fischer-Tropsch catalysts, in E.R, Becker; C.J. Pereira,
eds., Computer-aided design of catalysts,Marcel Dekker, New York, 1993
b, 199.

125



• Iglesia, E.; Soled, S.L.; Fiato, R.A., Fischer-Tropsch synthesis on cobalt
and ruthenium. Metal dispersion and support effects on reaction rate and
selectivity, J. Catal. 1992, 137,212.

• Inga, J. R., Morsi, B. 1., "A noval approach for the assessment of the rate
limiting step in Fischer-Tropsch slurry process", Energy Fuels. 1996, 10,
566

• Jager, B.; Espinoza, R., Advances in low-temperature Fischer-Tropsch
synthesis, Catal. Today 1995, 23, 17.

• Joshi, J. B., Gas-Phase Dispersion in Bubble Columns. Chem. Eng. J.
1982, 24, 213.

• Kast W., Int. J. Heat Mass transfer, 1963, 5, 329.

• Kolbel, H; Ralek, M., The Fischer-Tropsch synthesis in the liquid phase,
Catal. Rev. Sci. Eng. 1980, 21, 225.

• Komaya, T.; Bell, A.T., Estimates of rate coefficients for elementary
processes occurring during Fischer- Tropsch synthesis over RuTiO,, J.
Catal. 1994, 146, 237.

• Krishna, K.R; Bell, A.T., Estimates of the rate coefficients for chain
initiation, propagation, and termination during Fischer-Tropsch synthesis
over Ru/TiO, J. Catal. 1993, 139, 104.

• Krishna, R.; De Swart, J.W.A.; EIlenberger, J.; Martina, G.B.;
Maretto, C., Gas holdup in slurry bubble columns: effect of column
diameter and slurry concentrations, AIChE J. 1997, 43,311.

• Krishna, R.; Ellenberger, Gas" ل holdup in bubble column reactors
operating in the chumn-trbulent regime" AIChE J., 42, 2627-2634,1996

• Krishna, R.; Marett0, C., Scale up ofa bubble column slurry reactor for
Fischer-Tropsch synthesis, Stud. Surf. Sci. Catal. 1998, 119, 197.

• Krishna,R., Sie, S.T., Design and Scale Up of the Fischer-Ttopsch
Bubble Column Slurry Reactor, Fuel Processing Technology, 2000, 641-
3).73.

• Kuipers, E.W.; Scheper, C،; Wilson, J.H.; Oosterbeek, H., Non-ASF
product distributions due to secondary reactions during Fischer-Tropsch
synthesis, J. Catal. 1996, 158, 288.

• Kuipers, E.W.; Vinkenburg, I.H.; Oosterbeel, H., Chain length
dependence of a-olefn readsorption in Fischer-Tropsch synthesis, J.
Catal. 1995, 152, 137.

126



• Kuo J.C.W. Slurry Fischer-TropschMobil Two Stage Process of
Converting Syngas to High Octane Gasoline, Final Report; DOE Contract
NO. DE-AC22-80PC30022, June 1983.

• Kuo J.C.W. Two-Stage Rrocess for Conversion of Sythesis Gas to High
Ouality Transportation Fuels, Final Report; DOE Contract No. DE-AC22-
83PC60019, Oct. 1985.

• Ku0, J.C.W., "Slurry Fischer-Tropsch/Mobil two stage process of
converting syngas to high octane gasoline", Final report DOE-PC-3022-10,
DOE 1983.

• Ledakowicz, S. ,Nettelhoff ي H., Kokuun, R., Deckwer, W. D., Kineties
of the Fischer-Tropsch synthesis in the slury phase on a potassium­
promoted iron catalyst, Top. Catal. 1985, 24, 1043.

• Letzel, M. H.; Schouten, J.C. ,Krishna, Van den. Bleek, " Cas holdup
and mass transfer in bubble columns reactors operated at elevated pressure,
CheR. Eag. S3ci. 1999, 54 2237.

• Lewin D. R., A generalized method for HEN synthesis using stochastic
optimization-IL. The synthesis of cost -optimal networks. Comput. chem..
Engng., 19980, 22, 1387-1405.

• Lewin D. R., H. Wang and O. Shalves, A generalized method for HEN
synthesis using stochastic optimization-l. General framework and MER
optimal synthesis. Comput. chem.. Engng.. 1998a, 22, 1503-1513.

• Linnhoff D., User guide on process integration for the efficient use of
energy.,1982

• Lox, E.S.; Froment, G.R., Kinetics of the Fischer-Tropsch reaction on a
precipitated promoted iron catalyst. 1. Experimental procedure and results,
Ind. Eng. Chem. Res. 1993 a, 32, 61.

• Lox, E.S.; Froment, G.F., Kinetics of the Fischer-Tropsch reaction on a
precipitated promoted iron catalyst. 2. Kinetic modeling, Ind. Eng. Chem.
Res. 1993 B,32, 71.

• Madon, R.J.; lglesia, E.; Reyes, S.C., Non-Flory product distributions in
Fischer-Tropsch synthesis catalyzed by Ruthenium, Cobalt, and Iron, in
S.L. Suib; M.E. Davis, eds., Selectivity in Catalysis, ACS Symposium
Series, American Chemical Society, 1993, 382.

• Mangartz, K. H; Pihofer, T., Untersuchungen aur Gasphasendispersion
in Blasensaulen Reaktoren, Verfahrenstechnik, 1980, 14, 40

• Marano, J.J. Property Correlation and Characterization of Fischer­
Tropsch Liquids for Process Modeling; Ph.D. Dissertation: University of
Pittsburgh, 1996.

127



Maran0, J.J.; Holder, G.D. A General Eauation for Correlating Theه 
Thermophysical Properties of n-Paraffins, n-Olefins and Other
Homologous Series, Part 2: Asymptotic Behavior Correlations for PVT
Properties. Ind. Eng. Chem. Res., 1997, 36, 1895-1907.

• Maran0, J.،; Holder, G.D. The Prediction of Bulk Properties of Fischer­
Tropsch Derived Liquids. Ind. Eng. Chem. Res,, 1997, 36, 2409-2420.

• Maran0, J•.; Holder, G.D. The Prediction of Bulk Properties of Fischer­
Tropsch Derived Liquids. Ind. Eng. Chem. Res., 1997, 36, 2409-2420.

• Marettoa C. Krishna, R Modelling of a bubble column slurry reactor for
Fischer-Tropsch synthesis Catalysis Today 1999, 52,279

Martin-Martinez, J.M.; Vannice, M.A., Carbon-supported iron catalysts:
Influence of support porosity and preparation techniques on crystallite size
and catalytic behavior, Ind. Eng. Chem. Res. 1991,30, 2263.

• Mills, P. L., Turner, J. R., Ramacchandran, P. A., Dudukovie, M., P."
the Fischer-Tropsch synthesis in slurry bubble column Reactor , analysis of
tle reactor perfommance using the axial dispersion in K.D.P. Nigam ;A.
Schumpe , eds., three phase sparged reactors, Gorden and Breach,
Amsterdam, 1996, 339,

Nettelhoff, H., Kokuun, R.; Ledakowicz, S.; Deckwer, W. D., Studiesه 
on the kinetics of Fischer-Tropsch synthesis in slurry phase, Ger. Chem.
Eng. 1985, 8,177.

• Newsome, D.S., The water-gas shift reaction, Catal. Rev.-Sci. Eng. 1980,
21, 275.

• Nishida N., Stephanopouls and Westergerg A, W., A review of process
synthesis. AIChE J1., 1981,27, 321.

• Novak, S.; Madon, R.J.; Suhl, H., Models of hydrocarbon product
distributions in Fischer-Tropsch synthesis, J. Chem. Phys. 1981, 74, 6083.

.ODowd, W, Smith, D., N., Ruether, J., A., Saxena, $., C., AIChE, Jه 
1987,33 012), 1959.

Oki, S.; Mezaki, R., ldentification of rate controlling steps for the waterه 
gas shift reaction over an iron catalyst, J. Phys. Chem. 1973, 77, 447.

.;Ovesen, C.V., Clausen, B.S.; Hammershai, B.S., Steffensen, Gه 
Askgaard, T.; Chorkendorff, L. ,Norskov و J.K.; Rasmussen, P.B.,
Stoltze, R،; Taylor, P., A microkinetic analysis of the water-gas-shift
reaction under industrial conditions, J. Catal. 1996, 158, 170.

128



• Ozturk,S. S. Schumpe, A:; Deckwer, W. D., Organic Liquids in a Bubble
Columns: Holdups and Mass Transfer Coefficients AICHE J. 1987, 33,
1473.

• Papoulias S.A. and l. E. Grossmamn, A structural optimization approach
in process synthesis -L. Hleat recovery netorks. Comput. chem. Lngng.,
1983, 27, 702-721.

• Peter M.S., K. D. Timmerhaus, Plant design and economic for chemical
engineering. Third edition 1981.

• Pichler, H.; Roelen, 0.; Schnur, F.; Rottig, W.; Kolbel,
Kohlenoxidhydrierung, in: ullmanns enzyklopadie der technischen vhemie
3 rd., v0l. 9, urban a schwarzenberge munchen-berlin, 1957, 685

• Prakash, A. On The Effects of Syngas Composition and Water-Gas-Shift
Reaction Rate on FT Synthesis Over Iron Base Catalyst in A Slurry
Reactor. Chen. Eng. Comm. 1994, 128, 143-158,

• Prakash, A.; Bendale, P.G. Design of Shurry Reactor for lndirect
Liquefaction Applications, Final Report; DOE Contract No. DE-AC22-
89PC89870, 1991.

• Prakash, A.; Bendale, P.G. Design of Slurry Reactor for Indirect
Liquefaction Applications, Final Report; DOE Contract No. DE-AC22-
89PC89870, 1991.

• Ra0, I.R.P.M.; Huggins, F.E.; Mahajan, V.; Huffman, G.P.; Rao,
V.U.S.; Bhatt, B.L.; Bukur, D.B.; Davis, B.H.; OBrien, R.1.,
Mossbauer spectroscopy stdy of iron-based catalysts used in Fischer­
Tropsch synthesis, Top. Catal. 1995 a,2, 71.

• Ra0, V،U.,S.; Stiegel, G.J،; Cinquegrane, G.J.; Srivastave, RD., Iron­
based catalysts for slurry-phase Fischer-Tropsch process: Technology
review, Fuel Process. Technol. 1992, 30, 83.

• Reilly, 1. G.; Scott, D. S.; de Brujn, T.; Jain, A.; Diskor, J., Correlation
for gas holdup in trbulent bubble columns, Can. J. Chem. Eng. 1986, 64,
705.

• Rethwisch, D.G.; Dumesic, J.A., Adsorptive and catalytic properties of
sup-ported metal oxides. IIL. Water-gas shift over supported iron and zinc
oxides, J. Catal. 1986, 101, 35.

• Ribeir0, F.H.; Schach von Wittenau, A.E.; Bartholemew, C.H.;
Somorjai, G.A., Reproducibility of turnover rates in heterogeneous metal
catalysis: compilation of data and guidelines for data analysis, Catal. Rev.
Sci. Eng. 1997, 39, 49.

• Roe, G.M.; Ridd, M.J.; Cavell, K.J.; Larkins, F.P., Role of supports for
cobalt-based catalysts used in Fischer-Tropsch synthesis of hydrocarbons,

129



in D.M. Bibby; C.D. Chang; R,F. Howe; S. Yurchak, eds., Methane
Conversion, Elsevier Science, 1988, 509.

• Roper, M., Fischer-Tropsch synthesis, in W. Keim, ed., Catalysis in C1
chemistry, D. Reidel, Dordrecht, The Netherlands, 1983, 41.

• Saboo A. K. , Morari K. and Colberg R. D., RESHEX-an interactive
software package for the synthesis and analysis of resilient heat exchanger
networks-I Program description and application. Comput. Chem. Bngng.,
1986a, 10, 577.

• Saboo A. K., Morari K. and Colberg R. D., RESHEX-an interactive
software package for the synthesis and analysis of resilient heat exchanger
networks-II Discussion of area targeting and network synthesis algorithms.
Comput. Chem. Engng., 1986a 10, 591.

• Sachtler, WH.M., Mechanismus der katalysierten Synthese von
Kohlenwasser-stoffen, Chem. lng. Tech. 1982, 54, 901.

• Sarup, B.; Wojciechowsli, B.W., Studies of the Fischer-Tropsch
synthesis on a cobalt catalyst. Il. Kinetics of carbon monoxide conversion
to methane and to higher hydrocarbons, Can. J. Chem. Eng. 1989, 67, 62.

• Satterfield, C.N.; Huff, G.A., Effects of mass transfer on Fischer-Tropsch
synthesis in slurry reactors, Chem. Eng. Sci. 1980, 35, 195.

• Satterfield, CN.; Huff, Jr., 6.A., Usefulness of a slurry-type Fischer­
Tropsch reactor for processing synthesis gas of low hydrogen-carbon
monoxide ratios, Can. J. Chem. Eng. 1982, 60, 159.

• Saxena, S.C.; Rosen, M.; Smith, D.N.; Ruether, J.A., Bubble column
reactors and Fischer-Tropsch synthesis, Catal. Rev.-Sci. Eng. 1995, 37,
227.

• Saxena, S.C.; Rosen, M.; Smith, D.N., Ruether, J.A., Mathematical
modeling of Fischer-Tropsch slurry bubble column reactors, Chem. Eng.
Commun. 1986, 40, 97.

• Schulz, H., "Short history and present trends of Fischer-Tropsch
synthesis," Appl. Cat. 1999, 186,3.

• Schulz, H.; Beck, K.; Erich, E., Kinetics of Fischer-Tropsch selectivity,
Fuel Process. Technol. 1988 a, 18, 293.

• Schulz, H.; Beck, K.; Erich, E., Mechanism of the Fischer-Tropsch
process, in D.M, Bibby; C.D. Chang; RF. Howe; S. Yurchak, eds.,
Methane Conversion, Elsevier Science, 1988 b, 18, 457.

• SchuLz, H.; Van Steen, E.; Claeys, M., Olefin formation, hydrogenation
and isomerization in the kinetic regime of Fischer-Tropsch synthesis, in

130



Selective hydrogenation and dehydrogenation, DGMK, Kassel, Cermany,
1993.

• Shah, Y. T., Joseph, S.; Smith, D. N., Ruether, J. A, Two Bubbles Class
Model for Churn-Turbulent Bubble Column Reactor, Ind. Eng. Chem.
Process Des. Dev. 1985, 24, 1096.

• Shah, Y. T., Kelkar, B. G.; Declswer, W. D, Design Parameters
Estimation for Bubble Columns Reactors, AIChE J. 1982, 28, 353

• Shen, W.J.; Zhou, J.L.; Zhang, B.J., Kinetics of Fischer-Tropsch
synthesis over precipitated iron catalyst, J. Nat. Gas Chem. 1994,4, 385.

• Shroff, M.D.; Kalakkad, D.S.; Coulter, K.E.; Kohler, S.D; Harrington,
M.S.; Jackson, N.B.; Sault, A.G.; Datye, A.K., Activation of iron
precipitated Fischer-Tropsch catalysts, J. Catal. 1995, 156, 185.

• Sie, S.T., Process development and scale up: I Case history of the
development of a Fischer-Tropsch synthesis process, Rev. Chem. Eng.
1998, 14, 109.

• Snel, R., Supported iron catalysts in Fischer-Tropsch synthesis: Influence
of the preparation method, Ind. Eng. Chem. Res. 1989, 28, 654.،

• Stenger. H. G.; Satterfield, C.N.; Effects of sulpher poisoning of a
reduced fused magnetite catalyst the Fischer-Tropsch synthesis, Ind. Eng.
Chem. Process des. Dev., 1985, 24,415

• Stern, D.; Bell, A.T.; einemann, H., Bubble Column Reactors used for
Fischer-Tropsch synthesis, Chem. Eng. Sci. 1985, 40, 1665

• Stern, D.; Bell, A.T., Heinemann, H., Effects of mass transfer on the
performance of slurry reactors used for Fischer-Tropsch synthesis, Chem.
Eng. Sei. 1983,38, 597.

• Steynberg A P. Espinoza, R. Jager, A.C. Vosloo , Appl. Catal. A 1999,
186,41

• Storch, H. H.; Golumbic, N.; Anderson, R. B.,, The Fischer-Tropsch and
Related Synthesis, Wiley, New York, 1951

• Towensend D. W. and Linnhoff, Surface area targets for heat exchangers
networks. 1. Chem. E. annl. Res. Mtg, Bath, 1984

• Umeda T., Iarada 'T. and Shiroko I. A thermodynamic approach to the
synthesis of heat integration systems in chemical processes. Comput.
Chem. Engng. 1979a, 3, 273,

• Umeda T,, Niida K. and Shiroko K., A themmodynamic approach to heat
integration in distillation systems. AIChE J1. 1979B, 25, 423.

131



• Vandenbussehe, K.M.; Froment, G.F., A steady-state kinetic model for
methanol synthesis and the water gas shift reaction on a commercial
Cu/ZnO/Al,0و catalyst, J. Catal. 1996, 161,  د.1

Vermeer, D.J،; Krishna, R., Hydrodynamics and mass transfer in bubbleه 
columns operating in the churn-turbulent regime, hnd. Eng. Chem. Process
Des. Dev. 1981, 20, 475.

• Wachi, S.; Nojima, Y., Gas Phase Dispersion in Bubble Columns. Chem.
Eng. Sci. 1990, 45, 901.

• Whiters, Jr., H.P.; Eleizer, K.F.; Mitchell, ،J.W., Slurry-phase Fischer­
Tropsch synthesis and kinetic studies over supported cobalt carbonyl
derived catalysts, Ind. Eng. Chem. Res. 1990, 29, 1807.

• Wilkinson. M. P., Physical Aspects and Scale-Up of High Pressure Bubble
Columns, PhD Thesis, Univ. of Groningen, The Netherlands. 1991.

• Wilkinson. M. P., Spek P. A.; van Dierendonck L. L. "Design
Parameters Estimation for Scale Up of High Pressure Bubble Columns"
AIChE J, 1992, 38, 544.

• Wikinson. M. P.; van Dierendonck L. L. "Pressure and Gas Density
Effects on Bubble Breakup and Gas Holdup in Bubble Columns" Chem.
Eng. Sci. 1990, 45, 2309.

• Wilkinson. M. P.; van dierendonck L. L. A Model for Gas Holdup in
Bubble Columns Incorporating the Infhuence of Gas Density on Flow
Regime Transitions. Chem. Eng. Sei. 1991, 46, 2491.

• Wojciechowski, B.W.,, The kinetics of the Fischer Tropsch synthesis,
Catal. Rev.-Sei. Eng. 1988, 30, 629.

• Xu, J.; Froment, G.F., Methane steam reforming, methanation and water­
gas shift: I. Intrinsic kinetics, AIChE J. 1989, 35, 88.

• Yates, 1.C.; Satterfield, C.N., Lntrinsic kinetics of the Fischer-Tropsch
synthesis on a cobalt catalyst, Energy Fuels 1991,5, 168.

• Zhu X. X,, B. K, 0'Neill, J. R. Roach and R.M.Wood, A new method
for heat exchanger network synthesis using area targeting procedures.
Comput. chem.. Engng., 1995a, 19, 197-222.

• Zhu X. X., B. K. O'Neill, J. R. Roach and R.M.Wood, Area- targeting
method for the direct synthesis of heat exchanger networks with unequal
film coefficients. Comput. chem. Engng., 1995b, 19, 223-239.

• immerman, WH.; Bukur, D.B., Reaction kinetics over iron catalysts
used for the Fischer-Tropsch synthesis, Can. J. Chem. Eng. 1990, 68, 292.

132





Appendix: A

Solution of large bubble class differential mass balance equation (2-12)

The large bubble class differential mass balance was represented by Eg. (2-12)

-4 مهإبر مبل ا4 لإبرy'44,e !لR7"3 ]ز٣ اتمر إ = '(ر
+"a)P ni+4م( y,a[و) ا 

let

(K,a)'٤' RTLC,
 [ي م ب

(/،()(١+a)/

R TL,و(إ"" k)رز 
(a أ  لن ()م(م+2«

.40y٦ ء٣%/ر")٣% )%إ٠٠٠٠b(y, +a(<لإ'٣ a(y, +a y=٠٢٠٠٢-٠٠٠٠ لع،لZ

ge،٥ا تة ,y)= )-نز(١ae١aree2 ء +a y ( إ (a-by,})a2 ٠٠ '

a (yهإ e ( ء
dZ  '؟ء=

(Y«0 +a y3إ ) (a-83إبر )

(A-1)

(A-2)

(A-3)

(A-4)

Analyzing the term

Then

1

-(;'ay-٥ )%إبر (a+م a)لا، 
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1
(،a +a y%% (%١ ة-( إبر

٨ B c
(a-8 yلإإ ) (A-5)

 ، د د
(ay'3+)٣)٩ م%%a y+)،مم 

yإ١% a-8 y3إ )+ CGy,وب +ay'4° ج١(a-8y/3إ ) + BC,4+م 
 م،( +aً ؟آزF ر"7 ا-@ )ججر

(A-6)

Find the constants 7, B amdc

7a-76y/3إ +B « y+8 a a y'3 - B 8 yم y3إب % - B a 8 Gإ %)

C+ بد د y'+2C a y,3و إلا " +C a (y1=2لإإب( 

Then

7 a+5 ay,a +6 y%=1

- ٨8-B by,a +B aa +2Cay,=0

-Ba8 +C a°=0

Then

(A-7)

(A-8)

(A-9)

(A-10)

c-ج "
c

By substitution of equation (A-11) in equation (A-9)

 د ]ب
-٨b-8b y,E8+م aa +2B-0y,e0=م 

٠ C ٠

-٨6+B b y,مى +B aa =0
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(A-I2)

(A-13)



76=-B b y, +Baa

B[6yم + aa]
 أبر ج

 ن

By substittion of equation (A-11) and equation (A-15) in equation (A-8)

B] b  +مر [ه. ب8 و
31y' [ت + [} y[+ب -b ،0 ١60c

ba c %أة +.«ة]»a-[٥٧٠ م+ ا=ا« ''' '٠ ٠b

(A-14)

(A-15)

(A-16)

(A-17)

B =
aا 

L ا٤
1

٥ +د ا[ءه+  ن ه
aY, ٤o٠C٠ م;+ ب.،لأ

(A-18)

B7-ا. 
 {1م-}

 "أ\٤ ا٥ ا#ا ء
،c ٨ ه+a"±«١ -«اج-+8 ا,إ« ٠ ٠'b ٠ا

0

(A-19)
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13s

- A
a (y,مم +c y3إ ")

(A-20)
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(A-21)

 ق ي
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-٨4a ( ( إy- م
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'%(a y+,م a) (y+01ه)م( 

-A ( (% إبy-٧ م
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 ل {{ه
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FinAlly equation (A-1) becomes:
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(A-23)

(A-24)

(A-25)

(A-26)
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DECLARE SUB TIME ()
DECLARE SUB READATA ()
DECLARE SUB CARBONUM ()
DECLARE SUB HENER ()
DECLARE SUB ALFA ()
DECLARE SUB HeatCof ()
DECLARE SUB EngBL ()
DECLARE SUB RNx ()
DECLARE SUB PhyProp ()
DECLARE SUB HydPra ()
DECLARE SU3 Results ()
DECLARE SUB SaveData (١
DECLARE SUB PrintData ()
DECLARE SUB READDATA ()
DECLARE SUB InputData ()

1٩%9 MODEL CALCULATIONS 25

٥IM SHARED TR, TR$, TRI, TRI$, TC, TC$, P, P$, , ا L$, D1, D1$, DHR, DHRs
DIM SHARED RG, RG$, RGO, RG0$, ES, ES$, CF, CF$, U0, U0$, UG, UG$, G$, UGos
DIM SHARED US, US$, Rل , RL$, VL$, TCL$, EDOS, CpL$, DL0$, TCC$, CpCS,6, XI(50)
DIM SHARED VL, TCL, EDO, CpL, DL0, TCC, CpC, RP, RP$, RSK, RSK$, NC, UGo
٥IM SHARED YS(50), YL{50), YSI(50), ya(50), Y0\50), C$(10), HC(50), LRT
DIM SHARED DL(50), VD, EDF, UDF, ULB, EL, EG, RX, KLaL(40), KLaS(40), KC2
DIM SHARED 6(150), Z120), 22(20), 23(20), KA, RSL, DR(20), CpS, HE, F(20)
DIM SHARED V, adb(50), ED, edd, RFT, TCS, VS, ACC, RT(30), X1E, X2E, R$
DIM SHARED ACl(10), B(150), K, m, 9, SUM, DTitle$, HE1, UGl, 2I{100), MTOP (50)
DIM SHARED Tcat, CC(150), B(150), AC(120), R, CLM1(10), CLM2(10), CLM3(10)
DIM SHARED DT$, DM$, CLl(10), CL2(10), CL3(10), CLM(50), DFileName$, 60(50)
DIM SHARED MO{50), MP(50), W0(50), WE(50), WW1 (50), MT(20), WC0(50), WCP (50)
DIM SHARED XA(10), ELB, NCS, YLI'100), IT, YL0(50), A(150), KK, YG(20), KCo
DIM SHARED MCl, MC2P, MC20, KC1, KC24, KC26, X0(60), KP(60), YP(60), KH, KN2
DIM SHARED TNTG(50), SUM(50, X1E{50), X2E(50), 0(50), CL(50), PF1$, N, T7
DIM SHARED T0, PP, KR, ALF2, ALF(50), CT1, P1, TP2, C, MC(50), KC36, KC38,
DIM SHARED TT1$, TT2, T2$, TT3, TT4, T5, T6, TT1, X1(50), K2(50), Y1(50),
DIM SHARED MCNP(50), MCNO(50), SUMT, KI(50), FY(50), SUMP, SUMO, SUM1, SUMT2
DIM SHARED MCOP(50), MC2T, MTOT(50), Y2(50)

PRINT "DATE "; DATE$, "IME "; TIME$

'CALCULATIONS CONSTANTS
 ،د،دددددد»د«؟

MH$ = "MOL. WEIGHT OF H2;MH (g/mol):"
MCO$ = "MOL. WEIGHT OF C0;MCO(g/mol):"
R$ = "GAS CONST.;R(pa.m3/(mole.k):"
G$ = "GRAVITY ; G,(m2/s)"
R= 8.314: G= 9.8
PF1$ = "##٠### " 4ه
PF'5$ = "#### ٠####"
PRINT " REACTOR CONDITIONS"
PRINT "
TR$ = "Reactor Temperature (K):"
TRI$ = "1nlet Reactor Temperature ;TRL,(K):"
TC$ = "Cooling Temperature ;TC,(K):"

P$ = "Reactor Pressure ;P,(pa):"
L$ = "Reactor Length ;L,(m):"
D1$ = "Reactor Length ;D1,(m):"
DHR$ = "Reaction Enthalpy ;DHR,(J/mol)٤"
RG$ = "Density of Gas at Reactor Condition ;RG,(kg/m"3):"
RG0$ = "Density of Gas at Ambient Condition ;RGO,(kg/r%3):"
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TR$ = "Reactor Temperature (K):"
TRI$ = "Inlet Reactor Temperature ;TRI,(K):"
TC$ = "Cooling Temperature ;TC,(K):"
P$= "Reactor Pressure ;P,(pa):"
1L$ = "Reactor Length ;L,(m):"
D1$ = "Reactor Length ;Dl,(m):"
DHRS = "Reaction Enthalpy ;DHR,(J/mol):"
RG$ = "Density of Gas at Reactor Condition ;RG,(kg/m3)."
RGO$ = "Density of Gas at Ambient Condition ;RG0,(kg/m3)٠"
ES$ = "Slurry Hold up ;ES,(331/m"3r):"
CF$ = "Contraction Factor ;CF:"
UO$ = "Rise Vel. of the Small Bubbles at 0 Solids ;UO,(m/s):"
UG$ = "Inlet Superfacial Velocity ;UG,(m/s):"
US$ = "S1urry VelociTy ;US,(m/s):"
2RINT " LIOUID PROPERTIES"
RLS = "Liquid Density ;RL,(g/m"3):"
VL$ = "Liquid Viscosity ;VL, (pa-s):"
TCLS = "Thermal Conductivity of Liguid ;TCL,(w/m.K):"
EDOS = "Refrence Hold up at Pure Liguid ;EDO:"
CpL$ = "Heat Capacity of Liquid ;CpL,(j/kg.K)):"
DLOS = "Diffusivity at Reference Condition ;DLO,(m2/s):"
PRIN "CATALYST PROPERTIES"
TCC$ = "THermal Conductivity of Catalyst ;TCC,(w/m.K):"
CpC$ = "Heat Capacity of Catalyst :CpC,( ":((kg.K)/ ز
RP$ = "Catalyst Particle Density ;RP,(kg/m"3):"
RSK$= "Skelton Density ;RSK,(kg/M3):"
PRINT "FEED PROPERTIES"
NCS = "No of Component
'READ &PRINT DATA

;NC٠ "

INPUT "Enter 1 if you want to read the data from the keyboard &2 ---- diss
file;DIN:", DIN
SELECT CASE DIN
CASE 1:

CALL InputData
CASE 2:

CALL READDATA
END SELECT
CALL Results

CLS

INPUT "Enter -1 if you want to perform the calcn &0 if not ;CA--", C=­
OPEN "D: LMK.bas" FOR OUTPUT AS #1

"DATE "; DATE$, "TIME "; TIME$
TAB(25); "+++ INPUT DATA PRINT OUT +++٢
"7D}[د،-د،د،،،،---د-د، و)ر بد=بربد=تبددد"ا د بدت يد٢٩-،،،،،،،، 

"REACTOR CONDITIONS"
"Reactor Temperature ;TR,(K)="; TR
"Reactor Inlet Temperature ;TRI,(K):", TRI
"Reaction Enthalpy ;DHR,(J/mol)="; DHR
"Reactcr Length ;L,(m)="; L
"Reactor Diameter ;D,(m)="; D1
"Reactor Pressure ;P,(pa)="; P
"Inlet Superfacial Velocity ;UG,(m/s)="; UG
"Density of Gas at Reactor Condition ;RG,(kg/m3)=";  د-
"Density of Gas at Ambient Condition ;RGO,g/m"3)="; =O
"slurry Hold up :ES,(r31/m3r)=:"; ES
"Rise Vel. of the Small Bubbles at 0 Solids ;U0,(m/= =:";
"Cooling Temperature ;TC,(K)=٠"; TC
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PRINT #1,
PRINT #1,
PRINT #1,
PRINT #1,
PRINT #1,
PRINT #1,
PRINT #1,
PRINT #1,
PRINT #1,
PRINT #1,
PRINT #1,
PRINT #1,
PRINT #1,
PRINT , إ#1
PRINT #1,
PRINT #1,



PRINT #1, "Slurry Velocity ;US,(m/s)=:"; US
PRINT #1, "Diffusivity at Reference Condition ;DL0,(m"2/s)=:"; DLO
PRINT #1, "Gravity :G,(m/s2)=:"; G
PRINT #1,

"1IgUID PROPERIES"
٢  أ؟ د،د ه د«جي٠ دب» د4٣

"1iqid Density ;RL,(kg/m3)="; RL
"Refrence Hold up at Pure Liquid ;EDO=:"; EDO
"1iquid Viscosity ;VL,(m/s)="; V1
"hermal Conductivity of Liquid ;TCL,()="; TCL
"Heat Capacity of Liquid :CpL,( ;"=((kg.k/ ز CpL

"CATALYST PROPERTIES"
٤ ، ،دد ،ييند«د ددددد،،٠ د٩٢

 وسي
 ة

"Catalyst Particle DensiTy ;RP,(kg/m"3) ="; RP
"Skelton Density ;RSK,(kg/m"3)="; RSK
"Thermal Conductivity of Catalyst ; TCC,(w/m.K) :=";
"Heat Capacity of Catalyst :CpC,( /(kg.k)):="; CpC
• FEED PROPERTIES "

٢ م 8 ،،دددد«»،د د

"Gas Constant ;R,(pam3/(molK))="; R
"No of Component ;NC=:"; NC

Nc

PRINT #1,
PRINT #1,
PRINT #1,
PRINT #1,
PRINT #1,
PRINT #1,
PRINT #1,
PRINT #1,
FRINT #1,
PRINT #1,
PRINT #1,
PRINT #1,
PRINT #1,
PRINT #1,
PRINT #1,
PRINT #1,
PRINT #1,
PRINT , ه#1
PRINT #1,

FOR I = 1 To
 ، ، ، ، ، ، ، ،د

"C5("; I; ")="; C$(T  ر
"THe Mol.Fr.o٤ ";C$(I); " n ذ the Feed YO("; CSI); ") = "; YC -;
"Henery Co. for "; C5(I); ", HC("; C$(I); "),(Pa.m3/mc-.="; F- -)
"D٤ffusivity for DL ("; CS(I);") , (m"2/ s) = "; DL'-;; ٢٠

8 د،و

PRINT #1, TAB(27); 0٩++ RESULTS PRINT OUT +++0
PRTNT #1, TPB(23);  ،،د ،د، ،،د، =====د٢==========="

'SUB CALCULATIONS

CALL HydPra
CALL PhyProp
CALL RNX

' Calculation the ( ys ,Small Bubble Mole Fraction & Concentratior.
 ددد،، ، د،،، ،د،د،د،د، ،ددد دد د

LRT = 1+R+ R
FOR I= 1 TO NC
 ا

6 CLl(I) =-p+ YO(I) + UDF / (LRT + KLaS(I))
ya(I) = ULB YO(I)"2+(1 + CF)  ء'
YS(I) = .16+ Y0(I) 'ys mole fr. of component i gas in small Lroble
CL2(I) = (YO(I)- YS(I))/ (YO() + CF+ Y(I))
CL3(I) = P+ YS(I) / HC(I)

RELATED WITH YS= CL(I)'CALCULATION OF (CAL)
 بد،دد،،د،دل ، ،ن د،د ، ، د ،،،،ن، دد نجد،د،ددددي، هد ، د، لألأ

CL(I) = CL1(I) + CL2(I) + CL3(I)
PRINT #1, "YS("; C$(I); ")="; YS(I), ";CL1("; C$(I); ")="; CL1(I
PRINT #1, "CL2("; C$(I); ")="; CL2(I), ";CL3("; C$(I); ")="; CL3(-٦
PRINT #1, "C1("; C$(I); ")="; CL(I)

• Calculation YL ,mole Fraction of H2 in large bubble&relation wi= Z"
 ادد«،«،، »،٠ د»د،د٠ ،دد،د ،د،دد،«دي ،د،،ددد،د،دد،،»د،،
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·1 - Calculation of 2

1T = 0
10 A1=CL(I) + KLaL(I) + 1RT

a2 = ya(I) P
A(I) = A1/ a2
B1 = IRT + KLaL(I)
B2 = ya(I) HC(I)
B(I) = B1/ B2
adb(I) = A(I) / B(I)
BC1(I) = adb(I) + (A(I) C٤+ B(I) YO(I))
BC2(I) = B(I) / C٤+ YO(T) » 2
BC3(٤) = AE) YO(I)
BC(I) = 1/ (BCl(I) + BC2(I) + BC3(I))
CC(I) = BC() + B(٤) / CF
AC1(I) = A(I) +CF+BII) Y0(I)
AC(I) = BC(I) ACl(I)/ B(I)
W= adb(I)
g= W+ .03
SUM = 0
J = 0

FOR K= g TO .9999 + Y0(I) STEP .0001
 د، ، د«د، »د يادد ، ي د

"calc. of BC Const "

11calc. of a const"

1 "alc. of b const"

٢"calc. of CC Const"
١٠ calc. of AC Const"

YL(I) = K
20 21N= AC(I) + (YL{I)- YO(I))

21D = (1 + CF + YO(T) ٩ (YO(I) + C٤ YL(I))
Z1= ٥1N/ ٥1D
22N = (YO(I) + CF + YL(I))
Z2D= ((1 + CF) + YO(I))
٥2 = BC(I) / CF + 10G(22N/ 62D)
Z3N = (A(I) - BI) + YO(I))
23D = (A(I)- B(I) + YL(I))
23 =CC(I)/ B(I) + 10G(Z3N / 23D)
٥(I) = Z1+ 62 + 23
I٤ YL(I)=g mTHEN
Z0(I) =٥(I)

IF 6(I) > 1 THEN
GOT0 35
ELSE
GOTO 30
END IE

END IF
I٤ 2(٤١>1 THEN : GOTO 35
IF ABS(2(I) - m) <= ٠0001 THEN 30
GOTO 40

30 J= J + 1
YLI( ( ت = YLI)

(6I=)ت( Iة 
34 SUM = SUM + 2+ YL(I)
35 m=2(I) - .03
40 I٤(٥(I)- m) >0 THEN 60
50 IF (2(I) - m) <0 THEN 70
60 KK = YL(I)

GOTO 80
70 YL(I) = (KK+ YL(I)) / 2: GOTo 20

80 NEXT K
8 ب د، ، د

١ Z Calculations

'2 - Calculation of Modefied Liguid Concenteration ;CLM, (mol/m3)
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81
82

COEF.'BY HENERY
THEN YS(I) = K1E
THEN YS(I) = X2E
<= .0919 THEN 100

SUM = SUM-٥- YL(I)
INTG = (٠03/ 2) + SUM
CLM1(I) = KLaL(I) + P± INTG / HC(I)
RT(I) = F(I) RX
CLM2(I) = KLaS(I) + PYS(I)/ HC(I)
IF C$(I) = "٨2" THEN GOTo 81
CLM3(I) = KLaS(I) + KLaLI) + US/L) + (RT(I) / CL(I)) ١0
GOT0 82
CLM3(I) = (KLaS(I) + KLaL(I) + US / L) ٠
CLM(I)= (CLM1(I) + CLM2(I) / CLM3(T)
AE = CR + p
BE = P+ YO(I)- (HC(I) + (CL1(I) + C٤ + CLM(I)))
CE = YO(I) + HC(I) (CL1(I)- CLM(I))
SRE = SgR(BE BE- 4 AE CE)
X1E = (-BE + SRE) / (2 AE)
X2E = {-BE- SRE)/ (2 AE)
YSI(T) = CLM(I) HC(I)/ P
IF X1E >= YSI(I) AND X1E <= Y0(I)
IF X2E >= YSI(I) AND X2E <= YO(I)
IF ABS((CLM(I) - CL(I)) / CLM(I))
CL(I) = CLMtI)
IT = I+ 1
A(IT) = A(I): B(IT) = B(I): adb(IT) = adb(I)
AC(IT) = AC(I): BC(IT) = BC(I): CC(IT) = CC(I)
YS(IT) = YS(I): Z0(IT) = Z0(I): YL0(IT) = 0: CLMIT) = CLM(I)
YSI(IT) = YSI(I) INTG(IT) = INTG: K1E(IT) = X1E: K2E(1T) = X2E
SUM(IT) = SUM: 6(IT) = 6(I): YL(IT) = YLI)
GOTo 10

90

100 'PRINT #1,
]][]{] [إ#14 سد ب=سدسه=-ب=مد--سب-دد سب<هدهب=سب د ب اابي<ب-دهددهههد

'PRrMT # , أ
' PRINT #1, "NO OF ITERATION="; IT
PRINT #1,
PRINT #1, "FOR COMRONENT OF :"; C${T)

FOR TT = 2 T0 IT
8 ، ددددددد،ددو

NEXT TT
٢٢ ][N [إ مدد دد<بد <به مد<<بد<< د <بد بد ه سد بههه صد ددصبب ب ب ه "ادد  أب]نز3

INTG"; TAB(25);" SUM";PRINT #1, "IT"; TAB(10); "
YSE"YS"; TAB(70);"x1E"; TAB(55);"PRINT #1, TAB(40); "

 '["[[أ{نز1{{< ب<ب<ب<<<ه<ب<ب< ب<<ب أ<<<باب<ب<٩

FOR TT = 2no 1T
8 »د،د٠٥ د٥٥٥ دب

TT; TAB(10); INTG(TT);
TAB(25); USING PF1$; SUM(TT);
TAB(40); USING PF1$; K1E(TT);
TAB (55); USING PF1$; YS(TT);
TAB(70); USING PFls; YSI(TT)

٢٢  لا،دد،د،،،د«د»د» د،د،د، د دي، ،د، ، ،دي دد،، د٠ ، دي ددي8

20";CLM"; TAB(25); ""٤٠٤"; TAB(10); ٠
YLI"ZI"; TAB(70; "YL0"; TAB(55); "TAB(40);"

 »»ف4 ،،د٠ د«ددو،د،د،د،د،دد،،د،ادد،د١ ددو٥ د،ددن د،د،د،د لأن«د،

PRINT #1,
PRINT #1,
PRINT #1,
PRINT #1,
PRINT #1,

NEXT TT
3 د»ددد»

PRINT #1,
PRINT #1,
PRINT #1,
PRINT #}1,
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FOR T = 2 TO IT
8 د،»» دددددي

PRINT #1, T; TA8(10); USING PF1$; CLM(TT);
PRINT #1, TAB(25); USING PE1$; 20(T);
PRINT #1, TAB!40); USING PFl$; YL0(TT);
PRINT #1, TAB(55); USING PF1$; 2(TT);
PRINT #1, TAB(70); USING PF1$; YL(TT)

NEXT TT
PPTN] #], 1+4 + : + 4 + + + # +  ذ+++++##34#+¥+#4+# ذ+4+++#± ذ٢٢

PRINT #1, "PROFILE OF GAS OUTLET FROM REACTOR"
PRINT #1, "L"; TAB(20); "YLP("; C$(I); ")"; TAB(45); "2P("; C$(I); ")"

 ]{نزR[ أ2ع[ هبدبدددب=سد»سه ب ب د <به< ب=سدسه

HRINT #1,
FOR K= 1 TO

8 ،، ، ن،»

I٤ C$(I) = "N2" THEN YLI(KL) = YOI)
PRINT #1, KL; TAB(20); USING PF1$; YLI(KL);
PRINT #1, TAB(45); USING PF1$; ZI(KL)

NEXT KL
 8؟ جد دد«

'Calculation the Gas Conversio of the Component I

١ The Mass Balance of the Gas Phase at the Outlet of the Reactor

U1 = (ULBg YO(I))/ (YO(I) +CF + g)
U2 = (UD٤+ YS(I) YO(I))/ (YO(٤) + C٧٤ YS())
U3 = U1 + U2
YG(I) = (03+ Y0(I))/ (UG+ YOI)- (U3 + CF))
I٤ C$(I) = "N2" THEN YG(I) = YO(I)
XA(I) = YO(I) - YGII))/ (YOII) + CF + YG(I))
UG1 = UG+ (1+CF+ XA(I))
KHC(I) = ((UG1/ UG)-1)/CF
RT = R + TR
UT1 = ((ULB » ELB) + (UDF + EDF))/ (EDF + ELB)
YT(I) = ((٧S(I) + EDF) + (YG(I) ELB))/ (EDF+ ELB): CVT= 150

 أ{[أ{] أغ هدد<مد<ببتدددبا؟ بد<<سه<سب<ب عد اسد،

PRINT #1,"Outlet Mole Fr in the L Gas Bubbles of ("; C$(I);")=";2-(I)
PRINT #1, "Outlet Mole Fr in the S Bubbles of ("; C$(I); ")=";YS{I)
PRINT #1,"Avg.Outlet M.Fr in the (S+L) Gas Bubbles of(";C$();")=";YT(1)
PRINT #1, "The Liquid Phase Concn, (mole/m3) of ("; C$(٤); ")="; CLM(I)
PRINT #1,"V Conc.in the 1 Gas Bubbles, (mole/m3)of(";C$(I);")="; CLMl(I)
PRINT #1,"V conc.in the S Gas Bubbles, (mole/m3)of("; C$(I);")=";C1ت (I)
PRINT #1,"The Avg.Vap Phase Conc. in (S+L) Gas Bubbles,(mole/m3) of (";

C$(I); "١="; CVT(I)
PRINT #1, "Total Vapor Phase Concn. in the (Small+Large) Gas Bubzies ,

mole/m3="; CVT
PRINT #1, "Gas Outlet Velocity from krishna calcn ;UG1(m/s)="; U4-I
PRINT #1,"Gas Outlet Vel. from (Small + Large) Gas Bubbles,(m/s) ="; U2
PRINT #1, "Conversion % ;XA(";C$(I); ")="; XA(I)

NET I
CALL HeatCof
CALL EngBL
CALL RNx
PRINT #1, TAB(17); "+++INDIVIDUAL HYDROCARBON PRODUCT FORMATION ±±TES++--
PRINT #1, TAB(14); CALL ALFA
PI = 3.14
A1 = Dl " 2+ PI / 4
WC1 = L A1 + 16 ٧ RX MC1
WC21 = LA1 + 28 RX + MC2o
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WC22 = L ٧A1 ٧ 30 RX + MC2P
WC2 = WC12 + WC22
MTOP = 0: MTO = 0: MTP = 0

FOR I = 3 TO 50
MO(I) = I ٧ 12+ I + 2
MP(I) = I ٧ 12+ I 2+ 2
WCOI) = A1 1 MO(I) ٧ RX+ MCNO(I)
WCP(I) = Al + 1 MP(I) RX MCNP{I)
M4TOP(I) = WCO(I) + WCP(I)
MTO = MTO + WCO(I)
MTP = MTP + WCP(I)
MTOP = MTOP + MTOP (I)

NEXT I
TOT MTOP + WC1 + WC21 + WC22
WC2 = WC21 + WC22
MO = MTO + WC21
MP = MTP + WC22
SOP = MO + MP

 ][{[ز]4٤ أ ا؟ساب-=-ه-=ههبسبدبهدههه<ب-""•

PRINT #1, "COMP"; TAB(10); "WT Ratio"; TAB(23); " Para /Tot "; --5(35);
"01ef/ Tot"; TAB(50); "olef/Para"

 ["[[أ]]3إل[ ؟٩ سدسه-س=بدسه<سه<=-ب--=-ه-سه=-سد<=-ب--د---ه--بد- ه ا٢

PRIN #1, "C(1)"; USNG PF5$; TAB(10); WC1 / TO
PRINT #1, "C(2)"; USING PF5$; TAB(10); WC2 / TOT; TAB(23); (WC22; / TOT;

TAB (35); WC21 / TOT; TAB(50); WC21 / WC22
FOR I= 3 TO N

PRINT #1, "C("; (I); "١"; USING PF5$; TAB(10); MTOP(I) / TOT; TA=:23);
WCP(I / TOT; TAB(35); WCO(I) / TOT; TAB(50); WCO(I) / CP(I) ة

NExT I
PRINT #1,"COMP";TAB(14);"M1";TAB(30);"Para selec "; TAB(50);"01e= =elc"

 'أ'[أ[]ن] أ -دم؟؟ -هس-ب-- دسه»ب=به=سه سه =هه< سه-ه-< =-ههب »ههدهه

PRINT #1, "C(1)"; USING PF5$; TAB(10); MC1
PRINT #1, "C(2)"; USING PF5$; TAB(10); MC2T; TAB(30); MC2P; TAB(=£}; Mc2c

FOR I = 3 TO N
PRINT #1, "C٢"; (I); ")"; USING PF5$; TAB(10); MCOP(I); TAB(30); 1/CNP(I);

TAB(50); MCNO(I)
NEXT 1

 [[]أيز]3{ أ ؟1 عد ب<» ب<ب <مد ب <<د <ب عب<< د دب ه ب و

PRINT #1, "Total production rates of hydrocarbons, kg/hr ="; TOT
PRINT #1, "oefin /TOT="; MO / SOP
PRINT #1, "Parafin /TOT="; MP/ SOP

['[[[[{] [إع ا4 دددم دمه ه بدبة< هه بد ه< عد<ه< ه<سه =مد دمه سب ددبهه د< ههبد٣٩

PRINT #1,
TT2$ = TIME$
PRINT #1, TT1$, TT2$
CALL TIME
PRINT #1, "operating Time="; TT7; "SEC."

CLOSE #1
END

SUB ALFA
FOR CT1 = .02 T0 .125 STEP .0001

٢1=٠4: ٢2=٠6: P1=3 ١" PRESSURE MPA" P+ 10-6 'F1,FZ =EED R±TIO
KR=٠17: TP1 = 6.5: TP2=1.7: C=٠35: N= 50':CT1 = .10439
T٥ = 3.71 + ((P1 + F1) "-.5) 'T0,P6,±R CONST
T0 = 5.6
PP = 14 ((P1+ F1)"-٠26) ((P1 F2) .4)
PP = 17.4
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MC1 = CT1 + TP1 ': KR= 0
KR2 = 17.6 KR EXP(2 C)
T2 = T٥"2/(1+ KR2)
ALF2 = PP/ (T2+ TP2 + PP)
MC2P = TP2 ٧ ALF2 ٧ CT1
MC20 = ALF2 + CT1 + 52
CTN = C1 + ALF2
SUM = 0: SUMP = 0
SUMT1 = 0: SUMT2 = 0
PRINT #1, "MC1="; MC1

 ["[[[ي]لز3إ[ ؟1 دداس بد ب<عه مدبب ب سه <ب ده ه مد به به=ب بدمه باعه د <د<دب عه <سب٥٦

PRINT #1, "N"; TAB(10); "MCNP (N)"; TAB(20); "SUMP"; TAB(30); "SUM-1";
TAB (40); "MCNO(I)"; TAB(50); "SUMO"; TAB(60); "SUMO1"

 [[[أ{] [إ}٢4 سب=صهب<=ددبدب<سه به اههد<سه<سه=سد1

PRINT #1,

FOR I = 3 TO N
8 د»د،د د»ا،د

T3= T٥/ (1+ KR+ EXP(I C))
ALF(I) = PP/ (T3+ 1 + PP)
CTN = CTN ALF(I)
MCNP(T) = CTN 'Calc. of Paraffin in Molar Sele-
MCNO(I) = MCNP(I) + T3 'Calc. of Olefin in Molar S=-ec
SUMP = SUMP + MCNP(I)
SUMP1 = SUMPl + MCNP(I) + I
SUMO = SUMO + MCNO(I)
SUMO1 = SUMO1 + MCNO(I) + I
SUMT = SUMOl + SUMP1
MCOP(I) = MCNP(I) + MCNO (I)
PRINT #1, I; TAB(10); USING PE1$; MCNP(I); TAB(20); SUMP; TAB(30) ;

SUMP1; TAB(40); MCNO(I); TAB(50); SUMO; TAB(60); SUMO1
NEXT I

{ د د د

SUM1 = MC1 + MC2P ٧ 2 + MC2o + 2
SUM = SUMP + SUMO + MC1 + MC2P + MC2
MC2T = MC2P + MC2o
IF SUM- .001 >= 1 THEN GOTO 333

NEXT CT1
3 P}]}]]' #] »>٢ ب-----سد-

PRINT #1, "Sum mi Selectivity ="; SUM; CT1
PRINT #1, "Sum mi Selectivity No of carbon ="; SUMT + SUM1

 أ"[[[ي]أ] أبع1٢ ==د<-<=ه---<ه---------سه-=ه---سد لا

END suB

SUB EngBL

 م ][[أ]لز [عع1٢ -د-د-د-د-سومر -ه-=ددد-» ،--<د=جد <<مب -عد ى٣

' Energy Balance Calculation ;ENG,(j /m3.s)
 د،اد،د،«د٠ د،د«د«د«د»د٠«44 ،،د، د»د«د

ENG1 = ES EL + Rh + DHR RFT
ENG2 = US/ L ((RSL CpS TRI)- (RSL " CpS TR))
ENG3 = HE + (TR- TC)
'Calculation of Specific Cooling Area ;ACC,(1/m)

 ،لأ ،، ،، ، ، ،،، ،، ، ،، ،، ، ، ، ، ،، ، د ،د، ، ،،،

ACC = (ENG1 + ENG2) / ENG3
PRINT #1, "Specific Cooling Area ;ACC,(1/m)="; ACC

END SUB
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'Cal of C2 in Paraffin Molar Selec
'Calc. of C2 in 0lefin in Molar Selec



 د،د،د،،، لا د«،د-د،د،د،د،د،،،د،د،،،،،د،

ACC = (ENG1 + ENG2)/ ENG3
PRINT #1, "Specific Cooling Area ;ACC,(1/m)="; ACC
PRFN]] #w+# [إ١٢# + ##%+ ¥ ¥++k +# +#+ ±¥-A## ٨#¥+±#+##++#+++٢4

٢

END SUB

SUB HeatCof

"Calculation of Heat Transfer Coef ,HE ;(w٠m"2/K)"

HE1 = ٠1+ RSL ٣ CpS+ UG1
HE2 = UGl" 3+ RSL/ (G+ VS)
HE3 = (VS+ CpS/ TCS) 2
HE = HE ! ((HE2 HE3) -.25)
PRINT #1,
PRINT #1, "Heat Transfer Coef.:HE(w.m2/K)="; HE

٢ '['[[أ]لز3{ أ ب ودمبدد ددمهبب< ود<بد ب به بدبب دددههدب٢٩

END SUB

SUB HydPra

• ٣Calculation of Gas Hold up (Small &Large Bubble)""

/ EDo)
of Small Bubbles,(m/s)
of Large Bubbles,(m/s")

VD= UO(1+٠8 ES/ UO)
EDF = EDO (RG/ RGO) .48+(1 -.7+ ES
UDF = EDF + VD 'Superficial Velocity
ULB = UG- UDF 'Superficial Velocity
ELB = .3+ (ULB .58) +((RG/ RGo) " .5)
EG = ELB + EDF+(1- ELB)
EL = 1- ES- EG

' total gas hold up
' liguid hold up

Bubbles,UDF,(m/s)="; UDF
Bubbles,ULB, (m/s) = "; ULB

PRINT , ه#1 "Superficial Velosity of Small
PRINT #1, "Superficial Velosity of Large
PRINT , ه#1 "Small Gas Hold up ;EDF="; EDF
PRINT #1, "Large Gas Hold up :ELB="; ELB
PRINT #1, "Soid Hold up ;ES="; ES
PRINT #1, "Liguid Hold up ;EL="; EL
PRINT #1, "Total Gas Hold up ;EG="; EG

 [{{[أ] أ± سه---4ا وب<ب=به<سب<د<ب<سد<س<ب<ببه اله7

' Calculation of Volunetric Mass Transfer Coef.,1s""
 ،»د،د،د،د،د٠ «د«د،د«د٠ «د٠ »»،»«4 «««د٠ د««د٠««٠ د٠٠٠ د

FOR I = 1 To NC

٢٢

KLaS(I) = EDF + (DL(I)/ DLO) .5
KLaL(I) = .5+ ELB ٧ ((DL(I)/ DL0) .5)
PRINT #1, "
PRINT #1, "Vol. Mass Trans Coef.for S Bubble(1/S):KLaS("; C$(I); ")=";
KLaS(I)
PRINT #1, "Wol. Mass Trans Co.for L Bubble(1/S):KLaL("; €$(I); ")="; KLaL(I)

NEXT 1

END SUB

١45



SUB InputData
 أ ، ، ، ،، ، دي ، ، ،

PRINT "DATE "; DATES, "TIME "; TIMEs
P}]N]'T' ens ي»A يممe و يمه ±_هe دe;٥_٤٤٤1es,":٥n4e1es ت=ددددددددتد==د111 ، mEcء 
PRINT ٠ REACTOR CONDITIOM"

 ]أ[[[]لز٢ ا٠ د عد د-» د ه <سه ه ه عد د سه ه ب جد سه ه سب ب ه عه ه عه صد صد سه به ب <سه سد صب ب سدسه سه #ده4

PRINT TR$; : INPUT TR
PRINT TRIS; : INPUT TRI
PRINT TC$; : INEUT Tc
PRINT P5; : INPUT P
PRINT L$; : INPUT L
=RINT D1$; : INPUT D1
PRINT DHRS; : INFUT DHR
PRTNT RG$; : INPUT RG
PRINT RGO$; : INFUT RGo
PRINT ES$; : INRUT ES
PRINT CFS; : INPUT CF
PRINT UO$; : INPUT Uo
PRINT UG$; : INPUT UG
PRINT US$; : INPUT US
PRINT "1IOUID PROPERTIES"
PRIN "
FRINT RL$; : INPUT RL
PRINT VL$; : INPUT VL
PRINT TCL$; : INPUT TCL
PRINT EDOS; : INPUT EDo
PRINT CpLS; : INPU Cج L
PRINT DLO$; : INPU DLo
FRIN5 "CATALYST PROPERTIER"
PRINT ١
PRINT Tccs; : TNEUr cc-­
FRINT CpC$; : IRPUT cpC
PRINT RP$; : INPUT RP
PRINT RSKS; : TNEUT RSK
PRINT "FSED PROPERTIES"
PR[}T  -<-سد٢٢-"
PRINT NC$; : INPUT Nc

3OR I=1 TO NC

PRIN5 "1nput
TNEUT C$(I)
PRINT "1nput
INPUT 3WT (I)
PRINT "Input
INEUT YO(I)
PRIN "Input
INPUT HC(l)
PRINT "nput
INPUT DL(I)
PRINT " 1nput
INEUT FtI)

NEXT I

the Name of the Components in the Feed:CS("; I; ")=";

the MWT. o٤ "; C$(I); " in the Eeed M.WT("; C$(I); ")=";

the Mole fr. of ";C$(I); " in the Feed YO("; C$(I); ")=";

Hene>y Coff. of "; C$(I); ",pa.m3/mol: HC("; C$(I); ") = ";

the Diffusivity. o "; CS(I); ",(m/s2),:DL("; C$(I); ")=";

the Feed Ratio of the Component :F/"; C$(I); ") = ";

INPUT "Enter -1 if you want to save the data 60 if not ;dts:", DTS
1٤ DTS THEN CALL SaveData
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END SUB

SU5 PhyProp

'Calculation of Slurry Density,rsl, Kg/m?3"
3 ،،د ، د ، ،، د ، ، ،د«د،د، ي،لا،د،، ،د» د ، ، ،،، ،د ، ،

RSL = RL (1- RL ES/ RSK)+ (RP ٧ ES)
PRINT #1, "Slurry Dinsity: RSL(kg/m3)="; RSL
PRINT #1,

·"Calculation of Slurry Viscosity,:VS,(pa.s)"
8 ل د د د د ، د د«ددن دد ، ،،»د

VS = VL (1+ 4.5 ES)
PRINT #1, "S1urry Viscosity:vs(pa.s)="; VS
PRINT #1,

' "Calculation of Slurry Heat Capacity ,CpS ;\ "(m3R/ ت
 لا،د، د ، ، د لا ،دلالا،د د، د د، د ،،د ، ،بي ،د

CpS= ES RP/ RL CpC+ (1- (ES RP/ Rت )) CpL
PRINT #1, "S1urry Heat Capacity:CpS(/m3R)="; CpS

' "Thermal Conductivity of Slurry :TCS ,(w/m.K)
 د د،د د، لا لا، د، ، ، ، د،،د،،دد ، ، د،

TCS1 = TCC +2+TL-2+ ES + (TCL- Mcc)
TCS2 =2 + TCL + TCC + ES+ (TCL- TCC)
TCS = TCL TCS1/ TCS2 1"hermal Conductivity of slurr
PRINT #1, "Thermal Conductivity of Slurry;TCS(w/m.K)="; TCS

END SUB

SUB 2rintData
CLS : PRINT "the data title:"; titles

PRINT " REACTOR CONDITION"
PRINT "DATE "; DATES, "IME "; TINEs
PRIN5 "INPUT DATA PRINT OUT"
PRINT "REACTOR CONDITIONS"
PRINT "Reactor Temperature ;TR,(K)="; TR
PRINT "Reactor Inlet Temperature ;TRI,(K):", TRI
PRINT " Reaction Enthalpy ;DHR,(/mol)="; DHR
PRINT "Reactor Length ;L,(m)="; L
PRINT "Reacor Length ;Dl,(m)="; D1
PRINT "Reactor Pressure ;P,(pa)="; P
PRINT "Inlet Superfacial Velocity ;UG,(m/s)="; UG
PRINT "Density of Gas at Reactor Condition ;RG,{kg/m3)="; RG
PRINT "Density of Gas at Abient Condition ;RGO,(kg/m3)="; RGO
PRINT "Slurry Hold up ;ES,(m31/m3r)=:"; ES
PRINT "Rise Vel. of the Small Bubbles at 0 Solids ;U0,(m/s)=;"; Uo
PRIN "Cooling Temperature ;TC,(K)=:"; TC
PRINT "Contraction Factor ;CF=:"; CF
PRINT "S1urry Velocity :US,(m/s)=:"; US
PRINT "Diffusivity at Reference Condition ;DLO,(m%2/s)=:"; DLO
2RINT "Gravity ;G,(m/s"2)=:"; G
PRINT "1IOUID PROPERTIES"
PRINT "Liguid Density ;RL,(kg/m3)="; RL
PRINT "Refrence Hold up at Pure Liguid ;EDO=:"; EDO
PRINT "L±quid Viscosity ;VL,(m/s)="; VL
PRINT "mhermal Conductivity of iguid ت ;TCL,()="; TCL
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PRINT "Heat Capacity of Liguid
2RINT "CATALYST PROPERTIES"

: CpL,( ;"=((kg.k/ ز CpL

PRINT "Catalyst Particle Density ;RP,(kg/m%3) ="; RP
PRINT "Skelton Density ;RSK,(kg/m"3)="; RSK
PRINT "Thermal Conductivity of Catalyst ; TCC,(w/m.K):="; TCC
PRINT "Heat Capacity of Catalyst ;CpC,( j/(kg.k)):="; CpC
PRINT " FEED PROPERTIES "
PRINT "Gas Constant ;R,(pam3/(molK))="; R
PRINT "No of Component ;NC=:"; NC

FOR I= 1 To NC
 دد،د«»ا،أ د،

PRIN "C$("; I; ")="; C$(I)
PRINT "The Mol.WT.o£ "; C$(I);" in the Eeed M.WT("; C$(I); ") = "; MWT{I)
PRINT "The Mol.Fr.٥f ";C$(I);" in the Feed YO("; C$(I); ") = "; Y0(I)
PRINT "The Diffus±vity for ";C$(I); ", d1("; C$(I); "),(m2/s)="; DL(I)
PRINT "Henery Co. for "; C$(I);", HC("; C$(±); "),(Pa.m"3/mol)="; HC(I)

NExT I
 دجبدر جدب جو جد

END SUB

SUB READDATA
٤ ، د،» د،د،»

INPUT "Enter the drive name (drive:\)&file name to read the data:", DFileNames
OPEN DFileNames FOR INPUT AS #4

1NPUT , ه#4 DT$, TMS
INPUT #4, DTitles
INPUT #4, TR, TRI, TC, P, , Dl, DHR, RG, RGo
1NPUT #4, ES, C, U0, DG, Us
-NSUT #4, Rل , VL, TCL, EDO, CpL, DLo
IN2U1 #4, TCC, CpC, RP, RSK, NC

FOR I=1 TO NC
 د

NPUT #4, C${I)
INPUT #4, MWT(٤)
INPUT #4, YO(I)
INPUT #4, HC(I)
INPUT #4, DL(I)
INPUT #4, F(I)

NExT I

CL0SE #4
END SUB

SUB Results

INPUT "Enter The Drive Name (Drive \) &File name to Save Results(<=8chs.<=3"
RFilenames
INPUT "Enter the results titles:" RTITLE$
OPEN RFilenames FOR OUTPUT AS #5

wRITE #5, "DATE ", DAES, "IME ", TIMEs
[]RTE , ة ة٩ta5»١ دبدد======د==ردي٢",#5 .m " اa ي يديه يديد يمه منافدعيمة
WRITE #5,
WRITE #5, TR$, TR
MRITE #5, TRIs, TRI
WRITE #5, TC$, TC
WRITE , ه#5 P$, P
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WRITE #5, CpL$, CpL
WRITE #5, DL0$, DLO
WRITE #5, Tccs, Tcc
WRITE #5, CpC$, cpC
WRITE #5, RPs, RP
WRITE #5, RSK$, RSK
WRITE #5, NCs, Nc

FOR I= 1 TO NC

Name of Component in the Feed ;C$(I) ", C$(I)
Mole Wieght ;M.W/", C$(I), " ١", MWT(I)
Mole Fraction in the Feed ;Y0(", C$(I), ")", Y0(T)
Henery Coef. ,(pa.m3/mol) ;HC(", C$(I), ")", HC(I)
Diffusivity Coef of the Comp٠;(m2/s) ;DL(", C$(I), ")", DL(I)
Diffusivity Coef of the Comp. :m2/s) ;F(", C$(I), ")", FI)

WRITE #5, "he
WRITE #5, "٣he
wRITE #5, mhe
wRITE #5, "٦he
wRITE #5, «٦he
WRTTE #5, "The

NEYT I

CLOSE #5
END SUB

SUB RNX

;RFT ,(mol/kg/s)
' partial pressure of H2,(pa)

٠ n ١co, (pa)
' partial pressure 0f H20, pa)

٠٠٢ c02, (pa)

١ "Calculation of Kinetic Rate
PH2 = ٠4p + 10٨ -5
PCO = .6 P ٧ 10 » -5
PH20 = .00006 P + 10 -5

' kinetic rate,( mol/kg/s)

• kinetic rate,( mol/kg/s)

PC02 = .05 + P + 10» -5
K1 = .0339: A= 1.185: B= .656: KW= .0292: K3= 3.07: KP = 86
PR1 = (1+A+ PCO+ B PCo2)
RFT= K1 + (PH2" .5) + PCO/ (PR1 2)
PR2 = (PC02 PH2) / KP
PR3 = (PCO+ K3 + PH20)
RWGS = Kw (PCO PH20- PR2)/ (PR3" 2)
AL = .69: JM = .25
MN= (1- AL) 42+ (JM+ AL + 1- AL))
VHC1 = (1- AL) / (3 + MN)
VHC2 = (1- AL) / (3 + MN)
RX = (RFT + RWGS) ES EL RP
PRINT #1, "Kذ netic Rate;RFT,(mol/kg/s)="; RFT
PRINT #1, "Kinetic Rate;RWGS, (mol/kg/s)="; RWGS
PRINT #1, "KLnetic Rate;RX="; RX
PRINT , إ#1 "Kinetic VHC1="; VHC1

END SUB

SUB SaveData
 ا، ، ،، ، ،

INPUT "enter the drive (drive:\)&file name to save the data<=8chs.<=3):",
DFileName$

OPEN DFileName$ FOR OUTPUT AS #3
WRITE #3, DT$, TM$
WRITE #3, DTitle$
WRITE #3, TR, TRI, TC, P, L, D1, DHR, RG, RGo
WRITE #3, ES, CF, UO, UG, US
WRITE #3, RL, VL, 'TCL, EDO, CpL, DLo
WRITE #3, 2CC, CpC, RP, RSK, NC

FOR I = 1 To NC

WRITE #3, C$(I)
WRITE #3, M%T(T)
WRITE #3, YO(I)
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PRINT #1, "Kinetic Rate;RWGS, (mol/kg/s)="; RWGS
PRINT #1, "Kinetic Rate;RX="; RX
PRINT #1, "Kinetic VHC1="; VHC1

END SUB

SUB SaveData
٤ »،د د«د٠٠ د

cLS
INPUT "erter the drive (drive:\)£file name to save the data<=8chs.<=3):",
DFileNames

OPEN DFileName$ FOR OUTPUT AS #3
WRITE #3, DT$, TM$
WRITE #3, DTitles
WRITE #3, TR, TRI, TC, P, L, Dl, DHR, RG, RGo
WRITE 43, ES, CF, UO, UG, DS
WRITE 33, RL, VL, TCL, EDO, CpL, DLo
WRITE 43, TCC, CpC, RE, RSK, Nc

FOR I=1 TO NC

WRITE #3, C$(-)
WRITE #3, MWT(I)
wRITE #3, YO(I)
WRITE #3, HC(I)
WRITE #3, DL(I)
WRITE #3, FII)

NEXT 2

CLOSE #3
END SUB

SUB TIME
REM time subrotine
REM
TT1 = VALtLEFT$(TT1$, 2))
TT2 = VALMIDS (1T1$, 4, 2))
TT3 = VAL(RIGRT$ (TT1$, 2))
TT4 VL (LEFT$ {TT25, 2))
T5 = VAL@MIDS(2$, 4, 2))
T6 = VAL(RIGHTS (TT2$, 2))
TT7 = TT6+ 60 + TT5 + 60 +

END SUB
60 + TT4 - (TT3 + 60 + T٤2 + 60 + 60 + Tl)
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TITLE: LIOUD PHASE FISCHER-TROPSCH (II) SYNTHESIS IN LAPORTE AFDURUN NO.: AF-R15.1C

64.00
88.00

0n-stream Time From Start-up (hr)
Start
End

860 kg , 390.1
42.4
39.9
95.2
20.57 meters 6.27
41.4
35.8

Slurry Data:
Catalyst Oxide Wt (Reactor) lbs
Slurry Concentration by NDG wt%
Slurry Corcentration by DP wt%
Slurry Level by NDG %NDG Span
Shurry Height R
Average Gas Holdup byNDG Vo1%
Average Gas Holdup by DP Vo]%

12.00
12.00

degC 226.7
bara 4997

cm/sec 13.18

10/17/1996
10/18/1996

Start Date / 'Time
End Date / Time

440.1
710.0
7612
0.43

deg F
psig
sL/kg-hr
fT/sec

3.20

Reaction Conditions:
Temperatre average
Pressure PIC-201
Space Velocity
Superficia1 Gas Vel. - Inlet
(based on average reactor temp)
Recycle Ratio

KW
207.75
-33.49

-132.81
-23.50
-10.26

Btu/hr
708882

-114281
-453176
-80173
-35000

96.30

Prod Gas
hbfhr

Feed
Jbfhr

823

33173317
4162

3839
541

100.5100.5

Reactor Heat Balance
9.1

15.8 Chemical Heat Production by Reaction
13.0 Sensible Gas Heat

36.8 Sensible Oil Heat

54.7 Sensible Wax Heat

48.4 Estimate ofHeat Loss from Catalyst Drying Data

% Heat Balance based on Reaction Heat
11.6

Mass Balance Reactor Plant
163.4 lbfr Mbfhr

43.85 Fresh Feed 823
HP H2 Feed

1.82 Recyele Feed

1.41
Reactor Feed 4162

2.43 Total ln 4162 823

1.30 Prod Gas 3839
0.41 Main Purge 541

22.11 Purge 45.7 45.7
13.88 HC Phase 36.9 36.9
1.50 AO Phase 200.1 200.1
1.01 Heayy Wax 34.0 34.0
1.90 Light Wax
3.57 Total Out 4156 857
2.57

} Mass Balance, '%3.40 99.8 104.2

5.47

Performance Results
CO Conversion per pass, mole %
H2 Conversion per pass, mole %
CO +H2 Conversion per pass, mole %

Plant CO Conversion, mole%
Plant H2 Conversion, moie%
Plant CO+H2 Conversion, mole%

CO Conversion Rate,
gmole CO converted/kg cat oxide-hr
HC Production Rate,
grans 0fHC (CH2.) produced/kg cat oxide-hr
Reactor Productivity (STY)
rams ofHC (CH2.1)/lit of reactor vol.-hrع 

H2/CO in Fresh Feed, mole/mole
H2/CO in Reactor Feed, mole/mole
H2/CO Usage Ratio, mole/mole
H2/CO in Outlet, molehmole

CO2 Selectivity, mole %

HC Selectivity (CO2 free) wt%:
CH4
C2H6
C2H4
C3H8
C3H6
SUM CAH0
SUM C4H8
SUM C5H11

 ص
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RUN NO.: AF-R15.1C TITLE: LIOUID PHASE FISCHER-TROPSCH (IID) SYNTHESIS IN LAPORTE AEDU

n
H

LP FRESH HP FRESII RECYCLE REACTOR PRODUCT MAIN (22.10) 22.11 REACTOR
Compositions (mole%): FEED FEED @H2) FEED FEED GAS GAS PURGE PURGE OUTLET'

(estimated)
Components

1 H2 62.08 100.00 50.14 52.89 50.14 50.14 48.34 48.04
2 N2 3.71 0.00 7.12 6.32 7.12 7.12 6.93 6.82
3 co 34.20 0.00 38.47 37,62 38.47 38.47 38.24 36.85
4 CH4 0.00 0.00 2.93 2.18 2.93 2.93 3.12 2.81
5 co2 0.00 0.00 0.12 0.09 0.12 0.12 0.16 0.11
6 ETHANE 0.00 0.00 0.17 0.13 0.17 0.17 0.23 0.16
7 ETHYLENE 0.00 0.00 0.02 0.00 0.02 0.02 0.03 0.02
8 PROPANE 0.00 0.00 0.15 0.11 0.15 0.15 0.29 0.14
9 PROPYLENE 0.00 0.00 0.27 0.20 0.27 0.27 0.5١ 0.26

10 1SOBUATNE 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
11 N-BUTANE 0.00 0.00 0.13 0.10 0.13 0.13 0.38 0.13
12 T-BUTENE-2 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00
13 BUTENE-1 0.00 0.00 0.15 0.12 0.15 0.15 0.20 0.15
14 ISOBUTYLENE 0.00 0.00 0.00 0.00 0.00 0.00 0.24 0.00
15 CBUTENE-2 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00
16 SUM C5 0.00 0.00 0.19 0.13 0.19 0.19 0.63 0.18
17 SUM C6 0.00 0.00 0.08 0.08 0.08 0.08 0.51 0.08
18 SUM C7 0.00 0.00 0.04 0.03 0.04 0.04 0.14 0.04
19 SUM C8 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01
20 SUM C9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
21 SUM C10 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00

H20 411
HC 0.10
LIGHT WAX 0.000

TOTAL 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

Mole Wt lb/Ib mole 11.87 2.02 14.96 14.26 14.96 14.96 16.15 15.21

Flows SCFH 26798.58 0.00 85721.03 112858.42 99218.39 13971.76 1093.39 103576.37
1B molefhr 69.31 0.00 221.70 291.89 256.61 36.14 2.83 267.88
lb/hr 823.03 0.00 3316.81 4162.20 3839.06 540.61 45.68 4074.36

Nm3/hr 705.24 0.00 2255.85 2970.01 2611.05 367.68 28.77 2725.74
kgmolhr 31.44 0.00 100.56 132.40 116.40 16.39 1.28 121.51
kg/hr 373.32 0.00 1504.49 1887.96 1741.39 245.22 20.72 1848.12

Temperatre deg F 277,9 86.7 124.9 247.0 85.0 83.2 79.3
deg C 136.6 30.4 51.6 119.5 29.4 28.5 26.3

Pressure psig 762.5 780.5 818.1 749.6 662.2 671.6 26.9
bara 53.59 54.83 57.42 52.69 46.67 47.32 2.86

R1518C6.xls 2/10/99



TITLE: LIOUID PHASE FISCHER-TROPSCH (V) SYNTHESIS IN LAPORTE AFDURUN NO.: AF-R16.1B

04/03/1998
04/04/1998

StartEate / Time
End Mate / Time

kg 176.9

meters 6.33

On-stream 'Time From Start-up (hr)
12.00 142.00 ٦٤ا
8.00 d 162.00

Slarry Data:
degC 259.0 Catalyst Oxide Wt (Reactor) lbs 390
bara 49.97 Slurry Concentration by NDG wt% 28.8

Slurry Concentration by DP w% 27.7
cm/sec 12.48 ] Slury Level by NDG % NDG Span 96.5

Slurry Height R 20.77
Average Gas Holdup by NDG Vol% 50.5
Average Cas Holdup by DP Vol% 47.3

498.1
710.0
14925
0.41

deg F
psig
sL/kg-hr
f/sec

1.14

Readtion Conditions:
Temgerature average
Prcsere PIC-201
Space Velocity
Supafcial Gas Vel. -Inlet
(based on average reactor temp)
Recyrele Ratio

Reactor Ieat Balanee
[W

667.57
-34.73

-522.01
-71.65
-14.65

Rtu/hr
2277851
-118507

-1781173
-244482
-50000

96.33

Feed Prod Gas
Ib/hr Ib/hr
1300
89

2790 2790
4202

3264
481

Chemical Heat Production by Reaction
Sensible Gas Heat
Sensible Oil Heat
Sensible Wax Heat
Estimate of Heat Loss from Catalyst Drying Data

% Heat Balance based on Reaction Heat

Plant
Ib/hr
1300
89

Reactor
Ib/hr

1390
4202
4202
3266

481
0.0

287.8
554.0
59.2

0.0
287.8
554.0
59.2

100.2100.5
1382
99.5

4167
99.2

Mass Balance

Fresh Feed
HP H2 Feed
Recyclc Feed
Reactor Feed
Total ln

Prod Gas
Main Purge
22.11 Purge
HC PHase
AO Phase
Heavy Wax
L.1ght Wax
Total Out

Mass Balance, %

33.1
59.9
47.6
76.8
91.3
86.3

83.0

1155.1

139.23

1.88
1٠17
2.13
0.70
1.33

13.95
2.05
0.08
2.40
1.46
1.89
1.24

Per@armanee Results
CO Conversion per pass, mole %
H2 Conversion per pass, mole %
CO +H2 Conversion per pass, mole %
Plaa CO Conversion, mole%
PlaRt H2 Conversion, mole%
Plan CO+H2 Conversion, mole%

CO Conversion Rate,
gmoke CO convertedkg cat oxide-hr
HC Poduction Rate,
gmars of HC (CH2.1) producedkg cat oxide-hr
Reaaor Prductivity (STY)
grars ofH C (CH2.1)it of reactor vol. - hr
H2I in Fresh Feed, molelmole
H2/D in Reactor Feed, mole/mole
H2O Usage Ratio, mole/mole
H2RD in Outlet, mole/mole
COTSelectivity, mole %
HCSelectivity (CO2 free) wt%:

CH4
C2H6
C2H4
C3H8
C3H6
SUM C4HI0
SUM CAH8

 ا
 ا

2/10/1999R16ABxls



RUN NO.: AF-R16.1D TITLE: LIOUID PHASE FISCIER-TROPSCH (IV) SYNTHESIS IN LAPORTE AFDU

 ر
 ١ل

LP FRESH HP FRESH RECYCLE REACTOR PRODUCT MAIN (22.10) 22.11 REACTOR
Compositions (mole%): TEED TEEED (H2) TEED FEED GAS GAS PURGE PURGE OUTLET

(estimated)
Coponents

1 H2 43.59 100.00 28.14 44.25 28.14 28.14 8.18 23.35
2 N2 3.04 0.00 9.83 6.20 9.83 9.83 4.82 8.15
3 C 53.37 0.00 40.06 37.72 40.,06 40.G6 24.11 33.24
4 CH4 0.00 0.00 15.62 8.33 15.62 15.62 23.27 12.96
5 co2 0.00 0.00 1.83 0.99 1.83 1.83 7.57 1.52
6 ETHANE 0.00 0.00 1.39 0.76 1.39 1.39 7.11 1.16
7 ETHYLENE 0.00 0.00 0.02 0.01 0.02 0.02 0.10 0.02
8 PROPANE 0.00 0.00 1.02 0.55 1.02 1.02 7.96 0.84
9 PROPYLENE 0.00 0.00 0.67 0.36 0.67 0.67 5.27 0.56

10 ISOBUATNE 0.00 0.00 0.01 0.00 0.01 0.01 0.09 0.01
11 N-BUTANE 0.00 0.00 0.46 0.24 0.46 0.46 4.03 0.38
12 T-BUTENE2 0.00 0.00 0.04 0.02 0.04 0.04 0.31 0.03
13 BUTENE-1 0,00 0.00 0.26 0.12 0.26 0.26 2.33 0.22
14 ISOBUTYLENE 0.00 0.00 0.03 0.04 0.03 0.03 0.26 0.02
15 CBUTENE2 0.00 0.00 005 0.02 0.05 0.05 0.40 0.04
16 SUM C5 0.00 0.00 0.32 0.18 0.32 0.32 2.69 027
١7 SUM C6 0.00 0.00 0.11 0.06 0.1١ 0.11 0.85 0.09
18 SUM C7 0.00 0.00 0.11 0.12 0.11 0.11 0.62 0.09
19 SUM C8 0.00 0.00 0,04 0.04 0.04 0.04 0.01 0.03
20 SUMC9 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00
21 SUM CI0 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00

H20 15.98
HC 1.04
LIGHT WAX 0.000

TOTAL 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

Mole Wt lb/b molc 16.68 2.02 19.97 16.19 19.97 19.97 30.75 20.92

Flows SCFH 30138.70 17101.00 54031.22 100355.33 63249.80 9314.22 0.00 76219.29
lb mole/hr 77.95 44.23 139.74 259.55 163.59 24.09 0.00 197.13
1bMhr 1300.26 89.34 2790.32 4201.68 3266.39 481.01 0.00 4123.30

Nm3fhr 793.14 450.03 1421.90 2640.97 1664.49 245.11 0.00 2005.80
kgmolhr 35.36 20.06 63.39 117.73 74.20 10.93 0.00 89.42
Kgfhr 589.79 40.53 1265.68 1905.87 1481.62 218.19 0.00 1870.32

Temperature degF 266.7 82.5 98.2 238.1 75.5 74.4 73.4
deg C 130.4 28.0 36.8 114.5 24.2 23.5 23.0

Pressure psig 768.1 779.2 760.3 734.4 686.4 682.3 33.5
bara 53.97 54.74 53.43 51.65 48.34 48.06 3.32

R161AB.xls 2/10/1999



TITLE: LIOUID PHASE FISCHER-TROPSCH (IV) SYNTHESIS IN LAPORTE AFDURUN NO.: AF-R16.1C

04/04/1998
04/05/1998

Start Date / Time
End Date/ Time

kg 176.0

meters 6.33

On-stream 'Time From Start-up (hr)
8.00 ]٩ 162.00
4.00 End 182.00

Slurry Data:
deg C 258.9 Catalyst Oxide Wt (Reactor) lbs 388
bara 49.97 SlurTy Concentration by NDG wt% 28.6

Slurry Concentration by DP wt% 27.6
cmsec 12.45 Shury Level by NDGإ % NDG Span 96.5

Slurry Height ٢ 20.77
Average Gas Holdup by NDG Vol% 50.1
Average Gas Holdup by DP Vol% 47.3

498.0
710.0
14975
0.41

deg F
psig
sL/kg-hr
ftsec

1.11

Reaction Conditions:
Terperature average
Pressure PIC-201
Space Velocity
Superficial Gas Vel. - Inlet
(based on average reactor temp)
Recyycle Ratio

Reactor Heat Balance
Btu/hr IW

Chemical Heat Hroduction by Reaction
Sensible Gas Heat
Sensible Oil Heat
Sensible Wax Heat
Estimate of Heat Loss from Catalyst Drying Data

% Heat Balance based on Reaction Heat

Feed Prod Gas
b/hr lb/hr

1301
89

2641 2641
4039

3138
498

100.2 100.0

Mass Balance Reactor Plant
lb/hr lb/hr

Fresh Feed 1301
HP H2 Feed 89
Recycle Feed
Reactor Fecd 4039
Total In 4039 1390

Prtod Gas 3138
Main Purge 498
22.11 Purge 0.0 0.0
HC Phase 275.8 275.8
AO Phase 531.0 531.0
Heavy Wax 52.7 52.7
Light Wax
Total Out 3997 1357

Mass Balance, % 99.0 97.6

2/10/1999

Performance Results
CO Conversion per pass, mole % 33.2
H2 Conversion per pass, mole % 60.5
CO + H2 Conversion per pass, mole % 48.4

Plant CO Conversion, mole% 75.7
Plant H2 Conversion, mole% 90.4
Plant CO+H2 Conversion, mole% 85.3

» CIO Conversion Rate, 81.5
gmolc لن CO converted/kg cat oxide-hr)ع 

HC Production Rate, 1132.6
grams ofHC (CH2.1) produced/kg cat oxide-hr
Reactor Productivity (STY) 135.79
grams of H C (CH2.1)it of reactor vol. -hr

H2/CO in Fresh Feed, mole/mole 1.88
H2/CO in Reactor Feed, mole/mole 1.26
H2/CO Usage Ratio, mole/mole 2.30
H2/CO in Outlet, molelmole 0.75

CO2 Selectivity, mole % 1.41

HC Selectivity (CO2 fiee) wt%:
CH4 14.61
C2H6 2.42
C2H4 0.15
C3H8 2.51
C3H6 1.69
SUM CAH10 1.90
SUM C4H8 1.21

R161AC.xls



RUN NO.: AF-R16.1C TITLE: LIOUID PHASE FISCHER-TROPSCH (IV) SYNTHESIS IN LAPORTE AFDU

o ها

LP FRESH HP FRESH RECYCLE REACTOR PRODUCT M1٨IN (22.10) 22.11 REACTOR
Compositions (mo!e%): FEED FEED (H2) FEED FEED GAS GAS PURGE PURGE OUTLET

(estimated)
Components

1 H2 43.54 100.00 29.59 46.37 29.59 29.59 9.41 24.58
2 N2 3.07 0.00 9.39 5.82 9.39 9.39 4.57 7.80
3 c 53.39 0.00 39.71 36.78 39.71 39.71 25.39 32.99
4 CI4 0.00 0.00 15.15 7.81 15.15 15.15 21.44 12.59
5 co2 0.00 0.00 1.73 0.90 1.73 1.73 6.67 1.44
6 ETHANE 0.00 0.00 1.38 0.71 1.38 1.38 7.24 1.15
7 ETHYLENE 0.00 0.00 0.02 0.00 0.02 0.02 0.11 0.02
8 PROPANE 0.00 0.00 1.01 0.53 1.01 1,01 8.18 0.84
9 PROPYLENE 0.00 0.00 0.67 0.34 0.67 0.67 5.28 0.55

10 ISOBUATNE 0.00 0.00 0.01 0.00 0.01 0.01 0.10 0.01
11 N-BUTANE 0.00 0.00 0.47 0.24 0.47 0.47 4.31 0.39
12 T-BUTENE-2 0.00 0.00 0.04 0.02 0.04 0.04 0.31 0.03
13 BUTENE-1 0.00 0.00 0.26 0.13 0.26 0.26 2.38 0.22
14 ISOBUTYLENE 0.00 0.00 0.03 0.02 0.03 0.03 0.28 0.03
15 C-BUTENE-2 0.00 0.00 0.05 0.02 0.05 0.05 0.41 0.04
16 sum C5 0.00 0.00 0.33 0.18 0.33 0.33 2.88 0.28
17 SUMC6 0.00 0.00 0.12 0.07 0.12 0.12 0.90 0.10
18 SUM C7 0.00 0.00 0.02 0.02 0.02 0.02 0.14 0.02
19 SUM C8 0.00 0.00 0.01 0.02 0.01 0.01 0.02 0.01
20 SUMC9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
21 SUM C10 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00

H20 15.90
HC 1.01
LIGHT WAX 0.000

TOTAL 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

Mole Wt 1b/lb mole 16.69 2.02 19.56 15.59 19.56 19.56 30.43 20.55

Flows SCFH 30132.03 17104.10 52207.22 100178.56 62030.75 9842.83 0.00 74659.86
b mole/hr 77.93 44.24 135.03 259.10 160.43 25.46 0.00 193.10
Ib/hr 1301.01 89.36 2640.99 4039.26 3137.93 497.92 0.00 3968.45

Nm3/hr 792.96 450.12 1373.90 2636.32 1632.41 259.03 0.00 1964.76
kgmol/hr 35.35 20.07 61.25 117.53 72.77 11.55 0.00 87.59
kg/hr 590.13 40.53 1197.94 1832.20 1423.36 225.85 0.00 1800.08

Temperature deg F 272.0 85.2 104.2 238.7 83.8 81.3 69.3
deg C 133.4 29.6 40.1 114.8 28.8 27.4 20.7

Pressure psig 766.0 792.3 758.4 733.1 685.8 682.0 33.4

R161AC.xls 2/10/1999



TITLE: LIOUID PHASF FISCHER-TROPSCH (V) SYNTHESIS IN LAPORTE AFDURUN NO.: AF-R16.3A

006/1998
04/07/1998

Start Date / Time
Emd Daee / Time

kG 173.7

meters 6.34

On-stream 'Time From Start-up (hr}
23.00

 2ا
tart 225.00

8.00 End 234.00

Slurry Data:
deg C 261.2 Catalyst Oxide Wt (Reactor) tbs 383
bara 49.98 Slurry Concentration by NDG wt% 28.6

Shurry Concentration by DP wt% 27.3
cmsec 18.32 Shury Level by NDGإ % NDG Span 96.8

Slurry Height R 20.81
Average Gas Holdup by NDG Vol% 50.2
Average Gas Holdup by DP Vol% 47.2

502.2
710.1
22223
0.60

degF
psig
sL/kg-hr
ft/sec

2.12

Reaction Conditions:
Temperature average
Pressure PIC-201
Space Velocity
Superficial Gas Vel. -Inlet
(based on average reactor temp)
Recycle Ratio

Reactor Heat Balance
٧W

606.09
-52.24

-471.43
-65.26
-[4.65

Btu/hr
2068071
-178235

-1608608
-222668

-50000

Chemical Heat Production by Reaction
Sensible Cas Heat
Sensible Oil Heat
Sensible Wax Heat
Estimatc of Heat Loss from Catalyst Drying Data

99.59

Prod Gas
IB/hr

Feed
Ib/hr

4882

1312
86

4882
6296

5472
590

100.0100.3

% Heat Balance based on Reaction Heat

Mass Balance Reactor Plant
Ibfhr Ib/hr

Fresh Feed 1312
HP H2 Feed 86
Recycle Feed
Reactor Feed 6296
Total In 6296 1398

Prod Gas 5472
Main Purge 590
22.11 Purge 0.0 0.0
HC Phase 274.0 274.0
AO Phase 527.4 527.4
Heavy Wax 8.6 8.6
Light Wax
Total Out 6282 1400

Mass Balance, % 99.8 100.1

20.2
43.0
32.2

70.2
87.2
81.2

76.9

1067.3

126.07

Ferfonance Results
CO Comversion per pass, mole %
H2 Conversion per pass, mole %
CO +I2 Conversion per pass, mole %

Plant CD Conversion, mole%
Plant H2 Conversion, mole%
Plant CO+H2 Conversion, mole%

CO Corvcrsion Ratc,
gmole CO convertedfkg cat oxide-hr
HC Prodction Rate,
grams ofHC (CH2.1) producedfkg cat oxide-hr
Reactor Productivity (STY)
grams of HC (CH2.1)/iit of reactor vol. - hr

 ها
 له

1.82
1.10
2.34
0.78

H2/CO in Fresh Feed, mole/mole
H2/CO in Reactor Feed, molelmole
H2/CO Usage Ratio, molelmole
H2/CO in Outlet, mole/mole

1.55CO2 Selectivity, mole %

17.67
2.48

-0.05
2.64
1.73
1.55
1.45

HC Seectivity (CO2 frec) wt%:
CH4
C2I6
C2H4
C3H8
C3H6
SUM C4HI0
SUM C4H8



RUN NO: AF-R16.3A TITLE: LIOUID PIIASE FISCIEI-TROPSCII (IV) SYNTIESIS 1N LAORTE AFDU

 uض
c

LP TRESI HR FRESHI RECYCLE REACTOR PRODUCT M1AIN (22.10) 22.11 REACTOR
Compositions (mole%): FEED , FEED (H2) FEED FEED GAS GAS PURCE PURCE OUTLET

(estimated)
Components

1 H2 43.25 100.00 31.65 42.08 31.65 31.65 10.91 28.62
2 N2 3.06 0.00 7.73 5.86 7.73 7.73 4.08 6.99
3 co 53.69 0.00 40.33 38.30 40.33 40.33 27.97 36.47
4 CH4 0.00 0.00 14.57 9.83 14.57 14.57 19.11 13.18
co2 أ5 0.00 0.00 1.45 0.98 1.45 1.45 5.05 1.31
6 ETHANE 0.00 0.00 1.30 0.90 1 30 1.30 7.26 1.18
7 ETHYLENE 0.00 0.00 0.02 0.02 0.02 0.02 0.10 0.02
8 PROPANE 0.00 0.00 0.98 0.88 0.98 0.98 8.24 0.89
9 PROPYLENE 0.00 0.00 059 0.40 0.59 0.59 4.84 0.54

10 ISOBUATIE 0.00 0.00 0.01 0.01 0.01 0.01 0.10 0.01
11 N-BUTANE 0.00 0.00 0.48 0.33 0.48 0.48 4.53 0.44
12 T-BUTENE-2 0.00 0.00 0.05 0.03 0.05 0.05 0.42 0.04
13 BUTENE-1 0.00 0.00 0.24 0.16 0.24 0.24 2.20 0.22
14 ISOBUTYLENE 0.00 0.00 0.03 0.02 0.03 0.03 0.30 0.03
15 CBUTENE-2 0.00 0.00 0.08 0.04 0.06 0.06 0.52 0.05
16 SUM C5 0.00 0.00 0.36 0.25 0.36 0.36 3.16 0.33
١7 SUMC6 0.00 0.00 0.13 0.09 0.13 0.13 1.05 0.11
18 SUM C 0.00 0.00 0.02 0.01 0.02 0.02 0.15 0.01
19 SUM C8 0.00 0.00 0.00 0.01 0.00 0.00 0.01 0.00
20 SUM C9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
21 SUM CI0 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00

H20 8.97
HC 0.61
LIGHT WAX 0,000

TOTAL 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Mole Wt 1bNb mole 16.77 2.02 19.04 16.59 19.04 19.04 30.30 19.69
Flows SCFH 30245.09 16504.40 99154.37 148743.26 ١11147.37 11978.68 0.00 122926.70

lb mole/hr 78.22 42.69 256.45 379.53 287.47 30.98 0.00 317.93
Ib/hr 1311.76 86.23 4881.66 6296.36 5472.11 589.75 0.00 6261.44
Nm3fhr 795.94 434.33 2609.37 3861.73 2924.98 315.23 0.00 3234.96
kgmolhr 35.48 19.36 116.32 172.15 130.39 14.05 0.00 144.21
kg/hr 595.01 39.11 2214.31 2856.01 2482.13 267.51 0.00 2840.17

Tenperatrre degF 279.1 80.1 122.8 295.2 85.2 82.7 73.2
deg C 137.3 26.7 50.4 146.2 29.6 28.2 22.9

Pressure psig 815.1 812.4 824.8 770.9 640.5 633.4 33.3
bara 57.21 57.02 57.88 54.17 45.17 44.68 3.31

٤ ما
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 المنيا جامعة
 الهندسة كلية

 الكيميائية الهندسة قسم

 سائل وقود إلى الطبيعى الغاز لتحويل والنمذجة الطاقة ترشيد

 وتريش فيشر تكنولوجيا باستخدام

 من مقدمة دراسة

 السيد مجمد الموجود عبد مسين/ المهندس
 الدكتوراه درجة على للحصول

 الكيميائية الهندسة

 إشراف تحت

 البسيونى الحميد عبد المنعم عبد الدكتور/ الأستاذ
 المنيا جامعة رئيس

 تايب محمود الدكتورة/اغاريد الأستاذ
 المنيا جامعة- الهندسة كلية وكيل

 التمتامم على سهام/ الدكتورة الأستاذ
 البترول بحوث معهد- العمليات تطوير هندسة أستاذ

 جندى شنودة /تهانى الدكتورة الأستاذ
 البترول بحوث معهد- العمليات تطوير هندسة أستاذ

٢٠٠٥



 العربى الملخص

 سائل وقود الى الطبيعى الغاز لتحويل المختلفة المراحل فى الطاقة توفير طرق نتناول الدراسة هذه

(GTL)التكنولوجيا. لنفس النمذجة عملية تناول يتم وكذلك وتربش. فيشر بتكنولوجيا والمعروفة 

 يتم وفيها(Autothermal) الحرارة ذاتي التخليق فكرة تعتبر التخليق غاز تحضير مرحلة ا-ففى

( Partial Oxidation ) Steam] الجزئية والأكسدة reforming]  البخاري التخليق بين الجمع

 الأكسدة عملية من الناتجة الحرارة من الاستفادة يتم حيث المرحلة، هذه فى الطاقة لتوفير هامة خطوة

 تفاعل )وهو البخاري التخليق لعملية اللازمة الحرارة لامداد للحرارة( طارد تفاعل )وهو الجزئية

 أكسيد /أول هيدروجين) المطلوبة بالنسبة التخليق غاز إنتاج يمكن الوقت نفس وفى ، للحرارة( ماص

 تربش. و الفيشر لعملية اللازمة الكربون(

 فى توفير عنها ينتج ان يمكن وتربش الفيشر لعملية اللازمة خطوات الثلاث بين التكامل عملية

 دوران بدون الواحد الاتجاه ذات وتريش الفيشر عملية فإن كذلك. الطاقة ثم ومن الطبيعي الغاز

 الى بالإضافة الصناعية للعمليات اللازمة البخارية الطاقة عنها ينتج ان يمكن تتفاعل لم التى للغازات

 عملية فى البخارية التوربينات جانب الى الغازية التوربينات استخدام يمكن حيث الكهربائية الطاقة

Combined) المشتركة الدورة Cycle)العملية. اقتصاديات من تحسن والتى الكهرباء لتوليد 

 وتريش الفيشر لعملية صناعية نصف تجارب وحدة فى الطاقة توفير عملية تناول تم وقد

 وذلك بأمريكا تكساسLaporte فى(AFDU) البديل الوقود انتاج تطوير فروحدة والتىاجريت

 بالاستعانة يقوم الذى(AMU) برنامج وهو البترول بحوث بمعهد تصميمه تم برنامج باستخدام

 مستقلة مراحل الى الحراري النطاق تقسيم فى والساخنة الباردة بالمسارات الخاصة الحرارة بدرجات

 هذه وتحل الخطية البرمجة بطريقة مرحلة لكل الحراري التوازن معادلات بكتابة البرنامج يقوم ثم

 للتبريد سواء المطلوبة الطاقة من كميات اقل على للحصول(LINDO) القياسي بالبرنامج المعادلات

. (٥T,)  التقارب حرارة درجة من معين فرق عند التسخين او

( "م٠٣٠٠٢٠٥٠٠٤٠ ،٠) وهى/T نم تقارب حرارة لدرجات فروق خمس اخذ تم وقد
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optimum )م المثلى الحرارة درجة فرق لتحديد ATA)أوضحت وقد كلية. تكلفة اقل يصاحب الذى 

 ، م٣0 حرارة درجات فروق حتى كليه عنها الاستغناء يمكن للتسخين اللازمة الطاقة ان النتائج

 الحراري المحتوى فى النقص يعوض لكى كافياً الساخنة للمسارات الحراري المحتوى ان أتضح حيث

 حالة لكل الحرارية المبادلات شبكة تصميم وتم للتبريد اللازمة للطاقة فقط ونحتاج الباردة للمسارات

 فرق عند انه الى النتائج وأدت. الحرارة درجات فروق نفس عند الحرارية المبدلات تكلفة وحساب

 تكلفة. اقل وتحقيق طاقة أقصى توفير يتم(AT م=e"10) ا"م٠ حرارة درجات

 عام بوجه الحديثة التكنولوجيات لمعظم الامثل الاختيار الانبوبى الفقاعات ذو المعلق مفاعل -يمثل٣

 هذا فى شركتين اكبر فى وكذلك وتربش( )فيشر سائل وقود الى الغازالطبيعى تحويل عمليات فى

. [ExxonMobil , Sasol]  وهما المجال

 ذات المعلقة المفاعلات ان حيث تريش الفيشر لعملية [نمذجة] برنامج تصميم الرسالة وتناولت

 الغازى الطور فى تتمثل التى الثلاث المادة اطوار على وتحتوى ومتشابكة معقدة الأنبوبية الفقاعات

(. الحفاز العامل) الصلب والطور( التفاعل من الناتج السائل) السائل والطور] التخليق [غاز

 الحركية والحالة(Kinetics) التفاعل كيناتيكية معرفة يتطلب المفاعل لهذا نموذج وعمل

 توزيع ومعرفة ، المفاعل داخل الثلاثة الأطوار لهذه(Hydrodynamics) والهيدروديناميكية

. (Product selectivity)  التفاعل من الناتجة المنتجات

Van der Laan , ] Shah] بواسطة تعديله تم والذى et al. , 1985]  نموذج اختيار تم وقد

 الصغيرة الفقاعات فيه وتكون ،] والكبيرة الصغيرة[ الفقاعات من نوعين بوجود يتميز وهو]1999

( Completely mixed) Plug تماماً مختلطة -  الدفعة سريان )حالة مختلطة غير الكبيرة والفقاعات

Completely ) flow) تماماً مختلطة حالة فى فيكونا الحفاز العامل وحبيبات الناتج السائل اما

.( mixed

) تصميمه تم الذي الرئيسي البرنامج فإن عام وبشكل التحليلية بالطريقة النموذج معادلات حل تم

Software)الفرعية البرامج ينادى (Subroutines)الهيدروديناميكية الحالة لحساب اللازمة 

. المطلوب النموذج لحل الرئيسية بالحسابات يقوم الوقت نفس وفى التفاعل وكيناتيكا
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 الذي البحث نتائج استرجاع في وتطويره تصميمه تم الذي(Software) البرنامج استخدام نم

Van) به قام der Laan ,  تم التي الحل طريقة صحة مدى لمعرفة صناعي مفاعل على(1999

 تشغيلية عوامل تأثير تحت وذلك. حفاز كعامل الحديد استخدام حيث المعادلات لحل استنباطها

Superficial الغاز[ سرعة تأثير دراسة تم وقد مختلفة. gas velocity[الحفاز العامل وتركيز 

(Sohid hold up)الكربون أكسيد أول/ الهيدروجين ونسبة (Feed ratio)تحويل نسبة على 

(Hydrocarbons  التفاعل من المنتج وكمية هيدروكربونية مواد آلي الكربون أكسيد أول الهيدروجين

(productivity.الغاز سرعة بزيادة يتناقص هيدروكربونية مواد ألي التخليق غاز تحويل أن ووجد 

 الحفار العامل تركيز تقليل وكذلك ، الكربون أكسيد هيدروجين/أول نسبة وتقليل المفاعل ألي الداخل

 التي مع متشابهة النتائج آن وجد وقد. السابقة المتغيرات بزيادة فتزيد التفاعل من المنتج كمية أما

(product selectivity) Van) المنتجات توزيع حساب تم وكذلك der Laan, 1999)  عليها حصل

Van) نموذج باستخدام der Laan , 1999 (OPDRM))نسبة تغيير مع وذلك (H/CO)غاز في 

Vander) عليه حصل التي لتلك مشابهة نتائج البرنامج أعطى وقد التخليق Laan,  يعزز مما(1999

 المقترحة. الحل وطريقة البرنامج صحة

 وذلك الحديد من بدلا حفاز كعامل الكوبلت باستخدام ولكن )البرنامج( النموذج نفس استخدم -وقد٣

 نتائج قورنت وفد سلفاً. اليها المشار(AFDU) بوحدة صناعية النصف التجارب على لتطبيقه

 بعد(OPDRM) نموذج استخدام وتم مختلفة تشغيلية ظروف تحت التجريبية النتائج مع البرنامج

 والناتجة الموجودة تلك مع متوافقة نتائج على البرنامج من حصلنا وقد عليه التعديلات بعض إجراء

، H  و من كل تحويل ونسبة المنتجات وتوزيع ، المحتجز الغاز كمية حيث من المعملية التجارب من

CO، حالة. كل فى التفاعل من الناتج وكمية 
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