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I .  Ob j ec t i ve  and Scope o f  Work 

The o b j e c t £ v e  of  t h i s  work i s  t o  i n v e s t i g a t e  a r e a s  of s c i e n c e  and 

t e chno l ogy  Chat have been  d e f i n e d  as be ing  o f  pr ime i n t e r e s t  t o  c o a l  

p r o c e s s i n g  t echno logy  development .  These a r e a s  i n c l u d e  p r o p e r t i e s  o f  c o a l  

l i q u i d s  and s l u r r i e s ,  r e a c t o r  d e s i g n ,  and pe r fo rmance  i n  r e l a t i o n  t o  r e a c t i o n  

mechan/sms. The work comprises InvesCigatlons of t he  following high priority 

area s: 

--Reacclon kinetics and reactor performance in direct coal liquefaction; 

--Role of catalysts in indirect liquefaction and direct coal 

llquefactlon; 

--Physical, chemical, and thermodyna~c properties of coal liquefaction 

pro duct s. 

Work done during the first year of work on chls project is summarized in 

a Technical Progress Report submitted to the I~parument of Energy dated 

October 1984. 

2. Progress During ~arter 

This report summarizes work done during the period April I, 1985 through 

J~ne 30: 1985. A detailed description of ~rk in each of the three tasks is 

given below. 

Task I. Reactor Kinetics and Reactor Performance in Direct Coal 

Liquefaction. 

Work continued on the development and Cestin E of slmulators for coal 

liquefaction processes. New processes wh/ch are being Incorporated into the 

si~lator are the Fischet--Tropsch process, ~eChanol synthesls, and the Mobil 

mechanol-~o-Easollne process. ~he computer modules are being developed in 

such a ~ay that they can be used wlth the ASPEN simulator wlth a minimum of 

modification. 



Fischer-Tropsch Process 

Two computer programs describing selectivity in Fischer-Tropsch synthesis 

carried out in slurry bubble col~an reactors have been developed. ~he first 

is a s~mpllfled plug flow model in wb/ch the llqu~d phase mass balance becomes 

an algebraic equation which is solved by trial and error while the gas phase 

mass balance is a set of first order differential equations which are solved 

using the Rnnge-Kutta fourth order technique. ~he program establishes the 

concentration of paraffins obtained due to the reaction up to carbon number 7 

along ~Ith the concentration profiles of water which is a side product and H 2 

and CO, the reactants. The conversion of synthesis gas along the reactor 

helgh~ and the variation of the gas velocity is also established. The results 

of the program ind/cate that the product slate closely follows the Schulz- 

F l o r y  d i s t r i b u t i o n .  

The s e c o n d  i s  a n  a x i a l  d i s p e r s i o n  mode l ,  d e v e l o p e d  w i t h  a v iew o f  

overcoming the simplified assumptions made in the plug flow model and mak/ng 

the model equations more general. The resulting equations are second order 

differential equations. A set of 18 differential equations constituting a 

boundary value problem has been solved using the software package COLSYS 

(collocation techlque). The program establishes the conceutratlon profiles of 

hydrocarbons (up to C6), water, a 2 and C0 in both the gas and the llqu~d 

phases along with nhe varlatlon of the syngas conversion and the variation of 

superficial gas velocity along the reactor. 

Methanol-~ o-Gasollne Process 

Modeling of the fluldlzed bed reactor for the-MTG process is complete. 

The countercurrent backmlx/ng model of Fryer and Potter (Ind. Eng. Chem. 

Funda~ 11, 338 (1972)) was used for modellng the fluldlzed bed. A lumped 

k/nerVe model developed by ~aug et al. (J. Catal. 47, 249 (1977)) was used 



f o r  m o d e l i n g  t h e  HTG r e a c t i o n .  The h e a t  b a l a n c e  was n e g l e c t e d  s i n c e  t he  bed 

o p e r a t e s  I n  a n  e s s e n t i a l l y  i s o t h e r m a l  manner .  P r e d i c t i o n s  f r o m  t h e  model a r e  

i n  good ag reemen t  w~th ex-perlmencal d a t a .  

~ b d e l i n g  o f  t h e  f i x e d  bed r e a c t o r  i s  c u r r e n t l y  I n  p r o g r e s s .  The f i x e d  

bed reactor is operated In an ad/abatlc manner and hence the lumped klnet£c 

model used for modeling the reactions in the fluldlzed bed cannot be used 

here. A detalled ~netlc model developed by M/ha/1 et al. (Chem. EnE. Sci° 

38, 1581 (1983)) is used for modeling the reactions In the fixed bed° A 

pseudo-homogeneous fixed bed reactor model 16 used slnce the reaction 

mechanlsm involves 37 species and 53 reactions steps. 

ASPEN Compatlb~llty 

The direct coal llquefactlou reactor model developed last year has been 

made compatible with the ASPEN simulator and now acts as a user-deflned ASPEN 

uc/t operation model. 

~ethano ! Synthesis 

The simulation of an adlabatlc flxed-bed reactor uses a one-dlmenslonal 

plug-flow model to describe the actual reactor behavlor. Besides methanol 

formation, the hydrogenation of carbon dlox~de (sh/ft reaction) is also 

considered. The effective reaccion rates and the non-lsothermal effectlveness 

factors are calculated by a separate package wb/ch can handle any type of 

kinetic expressions for these two reactions. ~he program is now ready to be 

executed in ASPEN format and provldes concentration, temperature and 

conversion profiles together ~rlth effectlve reaction races and effective 

factors, 

A simulator has been developed for bubble-column slurry reactor for 

methanol synthesis. Plug-flow in the gas phase and axial dispersion in llqu~d 

and solid phases are assumed, The varlatlon of gas flow rate, catalyst 

3 



concentration and temperature along the reactor height are also considered. 

As in the case of fixed-bed reactor model, two reactions, formarlon of 

methanol and hydrogenation of carbon dioxide are taken into account. The 

program is now ready to be executed in ASPEN format. 

Task 2. Role of Catalysts in Direct Coal Liquefaction and in Indirect Coal 

Liquefaction. 

A final draft of four subjects dealing with indirect liquefaction has 

been prepared. They are (a) the synthesis of methanol via methyl formate, (b) 

recent advances in understanding the mechanism of the synthesis of methanol, 

(c) methanol synthesis over transition metals and (d) some recent work on the 

catalytic production of higher alcohols from synthesis gas. 

Literature o ~. the coprocesslng of coal has been collected. Coprocesslng 

is defined as the hydrogenation of coal or coal-derived products with 

alternate feed matarla!s such as residue, petroleum crudes, heavy oils, or 

various bltumeus to produce liquids that would be suitable as transportation 

fuels or as refinery feedstocks. The area of coprocesslng to be reviewed has 

the following constraints: it is a once-through processing of two feed 

materials, one of which, the heavy oils, will be the host or vehicle. Coal or 

a coal-derlved material is the o:her constituent or feed. 

The following combinations are not considered coprocesslng: (a) coal 

plu~ coal-derlved vehicles or hosts; thls is essentially standard direct coal 

liquefaction, (b) combinations of synthetic fuels and (c) the upgrading of 

coal liquids. 

Coprocesslng, it is important to note~ implies either once-through 

processing with no need for use of a recycle oll or, at worst, the use of only 

a small amount of recycle oil. 



C o p r o c e s s l n g  may w e l l  be t h e  b r i d g e  t h a t  ! e a d s  -~o a new p r o c e s s  f o r  t h e  

direct liquefaction of coal. ~he heavy, metal-laden oils, may he considered 

the "=earest thing" to coal and these oils and coals should be studied as .~ 

continuum, ra~her than as completely separate en~±tles. 

Task 3. Physlcal~ Chemlc~ and The=modynamlc Prope~es of Coal 

L1quefactlon Products. 

Work on ~.hi~ tagh was directed to hecom-~ng fam~llar w~th ASPEN Plus 

In orde~ to apply ~_t to ~he simulation of coal converslon processes. ~e pure 

co~ponen~ data bank of t~ ASPEN ~.us s:.,mlator con~alns luforlatlon on 

Inorganic and hydrocarbon compounds up tc C21~2. (~hls cons~.tutes a ro~.al 

of 468 compounds.) There ig no direct ~ro~slun 1o u~.%llze ASPEN Plus to 

handle complex mlx~ures such as are present In produces of di.~ct or Indlrec~ 

coal liquefactlon processes, however, so~e work is In prosl'ess to see whether 

p&~u~-c~.^~_pocent appro^-ch mlght be adopted ~o ucillze the co~oounds present 

~n ~-e ASPE~ Plus data bank. To da~e, RES~OIC wh/ch ~s a rou~Ine used ~o 

slmula~e a chemical reactor hzs been successfully applied to the syurhesls of 

methanol from carbon monoxide, car~n dioxide and hydrogen. Th~s sLEalator 

has given the ma~eri-~! and energy balances for these reactions for various 

feed ratios. In addi~.~.on, ~arlou~ =outlnes used ~o calculate ~he physical 

prcper~_es have been .~rled. ~ese rou~!~s do not-seem ~= .-~fe= ~ . the r~sulcs 

~o a great exten~ and, of course, have no effec~ on the ~a~er~.al balance 

result s. 

F~nally~ ASPEN P!u_- has been ut~_llzed to predlc~ ~he physical properties 

of the wa=erlethanol system. .*ctlv~=y coefflc~en~s for =hls system have ~en 

deuermlned from the Wilson equation and =hey have shown that =he sys=e~ ~s 

highly non/deal. 
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