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I .  Objective of Work 

The objective of this work is Co investigate areas of science and 
technolcEy which have been defined as heine of prime interest to coal 
processing technology development. These areas include: 

• Reactiomkinetics and teat=or performance in d/recC coal 
liquefaction 

. Roles of catalysts and hydrogen donor solvents in direct coal 
liquefaction 

• Physical, chemical, and thermodynamic properties of coal liquids 
and slurries 

Reports will be prepared for each of these subjects. 

2. Prosress to Date: 

Activity during the first quarter was directed to selecting a research 
team, outlining the nature of the reports which will be prepared, and 
initiating searches for literaturereferences in the PETC Liquefaction 
Technology Data Bank (LTDB) and other sources. 

A. Research Team. 

Three postdoctoral students will work with Professors Braiuard, Shah, 
Tierney, and Wender in carrying out this investigation. They are Sanjay 
Godhole, who will work'with Dr. Shah on Task I; and Amol Kulkarni, who will 
work ~th Dr. Wender on Task 2; and RaJendra Albal, who will work with Dr. 
Brainerd ou Task 3. Resumes for new members of the team are attached as 
A~pendix BJ 

B. Structure of reports of investigation. 

The wQrk has been divided into three tasks, with one co-lnvestlgator 
and one postdocotral studen~ workin 8 on each task• Overall coordination and 
co,purer assistance is being provided by Dr• Tierney. Based on discussions 
with Dr. Peters and Dr• Haynes at PETC, a general framework for the reports 
has been prepared and is presented in Appendix A. Faced with the desire to do 
a thorough and complete investigation and the limited time available, the 
decision has been made to concentrate for the first year on the SRC-II 
process. It is hoped that the type of investigation undertaken for SEC--II can 
later be ex~ended to other coal liquefaction processes. 

C. Literature searches. 

The l a r g e s t  and most  I m p o r t a n t  s o u r c e  o f  d a t a  f o r  t h e  SRC- I I  p r o c e s s  
i s  t h e  PETC LTDB, and a t h o r o u g h  s e a r c h  o f  t h e  d o c , ~ e n t s  t h e r e  was i n i t i a t e d .  

3. Future work. 

The primary emphasis during the next quarter is the identification and 
acqulsltion of i~portant documents on the SRC-II process for each of the three 
t a s k  a r e a s .  Members o f  t h e  team p l a n  t o  spend  c o n s i d e r a b l e  t ime  a t  PETC 
r e v i e w i n g  ~he LTDB. ~ e y  w i l l  a l s o  r e v i e w  t h e  open l l t e r a C u r e  a s  a p p r o p r i a t e .  



APPENDIX A 

Proposed Structure for Research Repor=s 

Task I: Reaction Kinetics aud React0 r Performa:,nce in D i r e c t  Coal 
Liquefaction: 

In this task, data available through the PETC LTDB and at PETC and other 
sources will be used to carry out an investigatlon of reaction klnetics and 
reactor performance for the SRC-Ii process. The published data for other coal 
liquefaction processes may be used for comparison. Since the data available 
on reactions in the preheater are scarce, main emphasis will Be given to the 
dissolver. If the data permit, some recommendations regarding future work on 
reactor scaleup will be outlined. The work will Be carried out in three 
parts. 

A. Kinetic Models for Coal Liquefactio ~ 
During the past decade numerous efforts have been made to evaluate 

and model the kine=i~s of coal liquefaction. Kine=ic models can be subgrouped 
under ~o separate headings. 

I. l~mped Kinetic Models Based on Distillation or Extraction 
Fractious. 

Since there are many chemical species present during 
liquefaction, kinetic modelling involving individual chemical species has been 
impossible. Kinetic modelling of petroleum refinery processes has been 
carried out based on lumped fractions containing chemical species of similar 
actlvlty. In direct coal liquefaction lumped fractions have Been either on an 
extraction basis or on a boiling point (distillation fraction) basis. 

2. StatistlcalModels 

Many regression models have been proposed for the SEC-II coal 
llquefac~ion process. These statistical models relate product yields to 
process variables, coal type, and other properties. Development of these 
models was done in twe steps, i.e. a coal property function was superimposed 
on basic yleld models whlchwere developed as a function of process variable 
data. These statistical models will be tested if any other SEC-II data are 
available. 

B. HTdrodTnamic , M_~xin~ and Mass Transfer in Various Sized Reactors. 
The performance of a coal liquefactlo= reactor depends not only 

on the intrinsic kinetics but also on prevailing hydrodynamic, mixing and mass 
transfer characteristics of the reac=or. The scaleup of the reactor depends 
on the accuracy with which the design parameters can be estimated. Bubble 
column reactor models used for design of coal liquefaction reactors will he 
briefly described. The performance of the model depends upon the accuracy 
with which the design parameters can be predicted. These parameters include 
phase holdups, radial and axial distribution of phases, dispersion and mass 
transfer coefficients. A critical analysis of the estimation of these design 
parameters will be made. A large llnerature for simple elf-water, t~o and 
=hree phase bubble columns for ~ydrodynamlc mixln~ and mass transfer 

. 



characteristics is a v a i l a b l e .  The da~a o b t a i n e d  from SRC-II as well as other 
published llteraturewill be used for evaluating the applicability of these 
da~a to the design, modeliug and scaleup of coal liquefaction reactors. 

C. Hydrogen Consu,~tiou Kinetics and Thermal Behavior of Coal 
Liquefaction Reactors 

Because of =he inter-relationshlp between hydrogen consumption 
and thermal behavior of large scale reactors, these two topics are considered 
together. The dependence of hydrogen partial pressure, nature and 
concentration of catalyst, nature of solvent and coal, and residence time will 
be reviewed. The data obtained in the SEC-II coal liquefaction process under 
various operating conditions and in a variety of reactor sizes would be useful 
in analyzing the relationships for the hydrogen consumption kinetics. The 
effect of reactor scaleup variables such as gas velocity, reactor diameter, 
and leugth to diameter ratio on the thermal behavior of the reactor will be 
evaluated. The heat of reaction data along with the heat dispersion 
coefficient estimation will be considered as a part of the model parameter 
evaluations, 

Task 2: Role of Catalysts and Hydrogen Douor Solvents in Direct Coal 
Liquefaction 

in t h i s  task, t he  role of catalysts and hydrogen donor solvents in 
coal llquefactiouwill be investigated. The work will be essentially 
restricted to =he SRC-II process. However, information that may become 
available from the EDS and H-coal processes will be incorporated if it 
provides a better understanding of the coal chemistry during liquefaction. 
Besides the information in the LTDB at PETC, some open literature findings 
relevant to the subject, will also be included. The work will be carried out 
in two parts. Promising areas for future investigations wi~l be identified 
where possible. 

A. 

mechanism of 

Inherent CataTs~s and the Effect of Hydrogen Sulfide and Sulfur 
Co~ounds. 

i. The role of mineral matter and sulfur compounds in the 
hydrogen transfer in coal liquefaction 

2. The catalytic activity of t he  miueral matter 

3. The effect of mineral matter and sulfur compounds on the 
ylelds and product distribution during llquefactlou 

B. The R e l a t i o n s h i p  Between Coal  C o n v e r s i o n  and  HTdroEen T r a n s f e r  

I. The mechanisms involved in the trausfer of hydrogen to coal 
in the presence of a) donor solvents such as cetrallnand bottoms recycle, b) 
non-donor solvents such as naphthalene phenanthrene, and phenols; and 
c) molecular hydrogen 

2. The role and effect of rank of coal and qua//ty of donor 
solvents on the product quality and yields during liquefaction. Since a 
fundamental understanding of the chemistry of hydrogen donor solvents is 

. 



desirable this report may include hydrogeuatlon studies with some model 
compounds. 

Task 3 Physic~l~ Chemical and Thermodynamic Properties of Coal Liqulds and 
Slurries 

In this task we~-lll locate, tabulate, analyze, evaluate and 
correlate some of the physical, chemical and thermodynamic properties of coal 
liquids and coal slurries that are of paramount importance to the design of 
coal liquefaction plants, l~roperties both of model compounds a~d of narrow 
boiling range cuts of coal liquids will be considered. At least seven 
properties are considered necessary: enthalpy and heat capacity, vapor-liquld 
and vapor-liquld-solid equilibria, viscosity, surface tension, vapor pressure, 
heat of reaction and density. Work on all of these properties will be too 
extensive to be completed within the time frame of this project. Work will 
therefore proceed on each property one at a time. 

The following subtasks provide further details concerning this work. 

A. Stud[ of Characterization Parameters 

It is ~ssential that a third independent parameter other than 
boiling point and specific gravity be identified and utilized in correlations, 
as experience has shown that two parameters are not sufficient. 

B. Euthalpy and Heat Capacit 7. 

I. Identification~ Tabulation and Evaluation of Data 
Data for the enthalpies and heat capacities of the coal 

liquids, cuts of these coal liquids and coal slurries will be located, 
tabulated, analyzed and evaluated. The effect of variables such as 
temperature, pressure, coal type, specific gravity, molecular weight, normal 
boilin~ point, presence and absence of solids will be studied. The trends in 
the values and possible explanations for trends will be reported, it also 
will be noted which data were actually measured and which were either 
extrapolated or obtained from correlations. 

o 

be summarized. 

Experimental Methods 
The experimental technlques used for the measurements will 

3. Models and Correlations 
The attempted models and correlations to predict the 

properties or describe the behavior will be evaluated for their validity and 
limitations. 

4~ Identification of Mlssin~ ~ata 
The analysis will also identify the areas where additional 

property measurements may be necessary. 

. 



C. Vapor-I~Lq~Ld and Vapor.-Liqu.td-Solid Equil ibria  ~ Coal Liquids 
and Coal Slurr ies  

An analysis similar to that in substask B Irlll be performed. 

I. Lientificatiou I Tabulation and Evaluation of Oata 

2. Experimeutal Methods 

3. " Models and Correlations 

The modified Grayson-Streed equation ba~ed on ~ictivity 
coefficient approach, the conformal solution theory based on t~Le BWR equation 
of state, and the A~PE~ mod~fle-4 Redllch-~onE-Soave equation of s~te will be 
excluded from th/s analysis as they are being studied elsewhere. 

4. Xdeutifica~iou of Missin~ Data 

. 
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Fall 1980 

1977-79 

system~ Project sponsored by Gulf Research and Development Company. 
Data have proved to be of significant industrial importan~ 

Research Assistant - Worked on oxydesuifuriz=-tJon of coal. 
a project sponsored by Pittsburgh Energy Technology Center. 
Results were implemented in "PETC 0xydesulfurization Process" at 
DOE Research Center, Pittsburgf~ 

Resarch Assist'ant- Indian Insd~Jte of Technology. Bombay. 
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l~e kinetics of oxidation of sulfur dioxide, a project sponsored 
by Lateen and Toubro. India. LtcL Data were adopted for design of 
commercial sulfur dioxide convertor~ Also, it allowed me to observe 
and interact with a diverse cross section of people in industry. 

PUBLICATIONS: "Effect of pH on the Removal of Pyrit ic Sulfur from 
Coal by Oxydesc'lf,Jrization," Ind. Eng. (;hem. Process 

Des. Dev. VoL21(No.4). October 1982, pp. 594-600. 

"Kinetics of Oxydesuifurization of Minshail, Indiana Coal," 
Chem. En 9. Commur~ VoL11(4-5), August 1981, pp. 201-218.  

"Chemical Cleaning of Coal- The Oxydesulfurization Process," 
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srics of Surface Aerated Agitated Contactor," submitted to the 
Chemical Engineering Journal. 

"Mass Transfer Coefficients and Solubil it ies for Hydrogen and 
Carbon Monoxide Under Fi~.her-Tropsch Conditions," submitted to 

the Chemical Engineering Science. 

"Mass Transfer Coefficients in a High Pressure Agitated Corrtactor," 
submitted to the Chemical Engineering Communications. 

"Determination of Rate Expression for SO 2 Oxidation," submitted 
to the Indian Journal of  Technology. 
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Direct Coal LiquefactJorL 

Research Assistant 
University of Pittsburgh, Pittsbu~'.gh, PA. 
Modelir~g and experimental work in "multiphase bubble column 
reactors to establish scale up criteria. Applicatior~ 
Fischer-Tropsch syr~esis, fermentation reactor~ Sponsored 
by Gulf Research and Development Corpor~,tion, PiCLsburgh, PA. 

Research Assistant 
University of F~burgh.  Pit'~burgh. PA. 

Experimental and Numerical work in predicting l~errnodynamic 
phase equilibria for natural gas hydrate,~. Sponsored by 
NatJonsl Science Foundation- 

Trainee Engineer 
National Organic Chemicals-india LtcL, Bombay• {ndi,~ 
Designed hea¢ ~,..~changers and separation units for a 
Nap'dta-CJ'acker systerrL 

"Design Parameters Estimations for Bubble Column Reactors'; 
JOURNAL REVIEW, AIChE J., VoL28, No.3, p.353 (1982) 
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AlChE Meeting, Chicago, November(1980) 
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