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Objective and Scope of Work

The cbjective of this work is to investigate areas of science and
technology that have been defined as being of prime interest to coal
processing technology development. These areas include properties of
coal liquids and slurries, reactor design and performance in relation teo
reaction mechanisms. The work comprises investrigations of the following

high priority areas:
-« Reaction kinetics and reactor performance in direct coal liquefaction

« Role of catalysts in indirect liquefaction and direct coal

liquefaction

" « Physical, chemical and thermodynamic properties of coal liquefaction

products.

Progress During Quarter

Work during the last quarter has largely been devoted to searching the
Liquefaction Technology Data Base and other relevant sources for
literature citations. A detailed description of work in each of the
three tasks is ziven below. Six abstracts which were prepared in

connection with the PCT properties of coal liquids are attached as an

Appendi x.

Task 1. Computer Simmlator for Direct Coal Liguefaction Model

During the quarter arrangements were made with Schneider Consulting

Engineers to assist the University of Pittsburgh in developing a computer




similator for direct coal liquefacion Teactors. A subcontract was given

to Schneider for this work.

During the quarter Schneider Consulting Engineers developed a theoretical
model to similate the behavior of the preneater and dissolver for direct
coal liquefaction. The model accounts for both the mass and energy
balances for the two units. An interactive computer program (FORTRAN
language) is being developed to solve the model equations. The
parameters (hydrodynawmic, mixing, transport and kinetics) needed for the
simlation are estimated £rom the correlations incorporated im the

program. The user is also provided the optiou to input these parameters.

Task 2. Indirect Coal Liquefaction and the Role of Added Catelysts in

Direet Coal Liquefaction.

In this quarter, open literature and govermment reports on the SASOL
Fischer-Tropsch process have been collected including the gasoline and
possible diesel fuel yields obtainable from this process. In addition,
data obtained on the thermsl efficiency of the Sasol process are .coared
with coz.jresponding valt.xes for processes utilizing direct liquefaction of
coal. Iiterature on the general mechanism and technology of improved
versions of Fischer-Trospch technology has been assembled.

Data on the use of methanol as a fuel and as a chemical is almost
complete and ready for a first draft report. The Mobil (MTG) prccess
data have also been gathered. Information on the integration of this
process with the Fischer-Tropsch process is still being gathered. Work

on the synthesis of higher alcohols from synthesis gas has progressed to



the point where we estimate that about 802 of the available data has been

collected.

Task 3. The Physical Chemical and Thermodynamic Properties of Coal

Liquefaction Products.

Final reports on two properties of coal liquids have been prepared in
this quarter. The viscosity peak occurring as a bituminous cocal goes
into solution is the most significant factor in the design of a
demonstration plant. A number of different types of viscometers have
been used to measure the viscosity of coal liquids. Further experimental
work needs to be done to develop 2 viscometer to extend its application
to more concentrated slurries. To date, a capillary flow viscometer
appears to be the most suitable instrument available. The measurements
to date indicate that the viscosity of coal liquid fractioms increases
with increasing boiling point and decreases in an expomential manner with
increasiag sample temperature. In general, the viscosity of vacuum
bottoms increases with both the soak time and the soak temperature. The
vacuum lower bottoms viscosity resemtbles a pseudoplastic fluid with
thixotropic behavior. Viscosity decreases with increasing shear rate at
constant temperature and decreases with increasing temperature at
constant shear rate.

Gray has reported that the viscosity measurements for coal liquid
fractions and the graphical data in the SRC-II process Physical
Properties Data Book agree only for temperatures below 250°F. Current
petroleum fraction viscosity data and those for pure compunds appear to
have only marginal appliecability to coal liquids. New correlatioms are
needed to predict the viscosity behavior. Measurements above 500°F are

needed to extend the correlatrions.



The thermal conductivity of coal liquids decreases with incr<zsing
temperature and with an increase in the boliing point ol the coal liquid
fraction. The effect of specific gravity is inconclusive. Recent
measurements reported by Gray indicate that the thermal conductivity
increased with Iincreasing specific gravity for some but not for all
cuts. The data fer coal liquid fractions showed that most of the data

were grouped in a narrow band cover reduced temperatures beween (.33 and

0.9.

Parsonnel

The project tasks are supervised by Dr. Brainard (Task 3}, Dr. Shah (Task
1), and Dr. Wender (Task 2), Dr. Tierney is providing overall

coordination and computer consultation. DTuring the quarter, Dr. Albal

" (Task 3) and Dr. Fulkarni (Tssk 2) ieit the project. Dr. Seshadri (Task

2} and Mr. Bhattacharjee (Task 3) joined the project. In addition

personnel at Schneider Comsuiting Engineers, prinecipally Dr. Abichandani
worked on Task 1.



Title: P=99 Vacuum Column Test Seriles
Azchors Steven T. Mathias
Source: Gulf Science and Technology Company, Report No. 627RR012, September
1979, PETC LTIDB Accession No. 004814

This report covers a study to determine the effect of the £lash zomne
temperature in the vacuum column on the recovery of distillate and the
properties of the tower’s product streams. The SRC-II process employs
distillation for product recovery. One part of the distillation sequence is a
vacuun column. In this study, primary emphasis: was placed on the experimental
determination of the viscosity of the bottoms product using a Brookfield
laboratory model LVT viscometer. The vacuum tower bottoms campies were taken
as the column temperature was belng raised gradually. ﬁxe viscogity tests on
these samples at various temperatures (100 to 575°F) and shear rates (16.8 to
0.08-4 sec"l) demonstrated the product to be a non-Newtonlan pseudoplastic
fluid with thixotropic 'b;;_havior. Viscosity decreased with increasing shear
rale at counstant temperature, and decreased with increasing temperature at
constant shear rate. As thg vacuum column conditions became more severe, an
increase in the viscosity was observed. The thixotropic behavior indicated
that to malntain a constant shear rate with time required sn ever decreasing

shear force.

Abstract prepared by: Rajendra S. Albal



Title: Effect of Temperature, Residence Time, and Coal Concentration on
SRC-II Feed Slurry Viscosity and Shear Stress-=Valley Camp Coal and
Robinson Run Coal.

Authors: Venturino, A.P. and Gall, W.

Source: Gulf Science and Techmology Company, Report No. 624RJ054, File No.
FT07-30-30, December 1978,

This report summarizes the results of a study on the effects of
temperature (80-120°C) coal concentration, (29 to 34 wt. Z) residence time (2
and 4 hours) and shear rate (16.8 to 0.08 sec”!) on viscosity and shear stress
of feed slurries using Pittsburgh seam coals from Valley Camp and Robimson Run
mines. A laboratory Brookfield viscometer was used for these measurements.
Details of the experimental apparatus operating procedure are given.

Similar results were observed for bcth coals. Viscosity was found to
decrease with Iincreased shear rate ard to increase with increasing coal
conc.entration and residence time. Temperature increases were found to
decrease viscosity at lower coal concentrations and shorter residence times (2
hours). Higher temperatures, however increased the viscosity at higher coal
concentrations and longer residemce time. This indicated greater coal
swelling and solvation at higher temperatures. Both coal slurries were found
to be non—Newtonian, pseudoplastic, with viscosity decreasing as shear stress
increased. It was concluded that these coals could cause mixing problems for
the P-99 process development unit operations at coal concentrations above 30

wt Z unless the recycle solids level was cut back.

Abstract prepared by: Rajendra S. Albal




Title: Feed Coal Slurry Viscosity
Author: Spearhac, R.G.

Reference: Letter to Sobernhiem, J.R., Reference No. RGS1DD1, April 29, 1980.

In this Rheology Topical Report, the author has 'menticned that the most
significant variable affecting the viscosity of coal feed slurry was the
particle size of the coal. It was found that the coal particles finer than
400 mesh contributed substantially to the viscosity of the coal feed slurry.
Tt 1s mentioned by the author that although -30 mesh coal was easier to
bandle, it accelerated the erosion of the process equipzeat. Tais increased
erosion may be a function qf slurry v.iscosit:;. 7 It may be possible to operate
at elevated slurry blend tank temperatures (375°F -425°F) where the slurry

would be viscous enough to reduce erosion. This would lead to improved

thermal efficiency and a2 slurry preheater of reduced size.

 Abstract prepared by: Rajendra S. Albal




Titrle: Solvent Refined Coal (SRC) Process: Selected Physical, Chemical

and Thermodynamic Properties of Marrow Boiling Range Coal Liquids
for SRC-II Process.

Author: Gray, J.A.

Source: Interim Report for March 1980 - February 1981, Repoxt No.
DOE/RT/10104-7, April 1981.

This report presents the viscosity data for various coal liquid fractioms
from 3RC-II process. Data for cuts 1 to 16 with boiling range (50 wt Z off)
temperatures between 152 to 757°F are given. Data for cuts 17,18 and 19 could
not be measured because of equipment limitations. These data were measured by
Fluild Properties Research, Imc. using an absolute capillary viscometer.
Measurement pressure was ad justed to approximate saturated liquid conditioms,
and measurement temperatures were limited to a maximum of SO0°F because of

equipment limitations. The coal liquid fractions were assumed to approximate

Newtonian fluids in these measurements.

Stable measure.ments above 305°F were not possible for cuts 1-3 because
the pressure drop across the capillary viscometer gradually increased with
time even though the flowrate was held comstant. Although not cenclusive, it
appeared that the samples may have degraded and fouled the wall of the
capillary. The coal liquid viscosity increased with inereasing boiling voint
and decreased 1n an exponential manner with increasing sample temperature.
Graphs are included, with a word of caution for extrapolation to temperatures
as high as the critical point or 900°F whichever c.omes first.

Comparison of the viscosity data with the SRC-II Physical Properties Data
Book indicated ezcellent agreement at temperatures below 200°F for the lighter
fractions (cuts 5-10) and below about 250~260°F for the heavier fractioms
(e.g. cut 13), At temperatures higher than 200-260°F, the viscosity data tend

to be well below (10-20Z) the Data Book curves.



The viscosity data were well-correlated by the following equationm:

The values of constants A, B, and C are given for all coal-liquid cuts.

Abstract prepared by: Rajendra S. Albal




Title: Solvent Refined Coal (SRC) Process: Selected Physical, Chemical
2nd Thermodynamic Properties of Narrow Boiling Range Coal liquid
Fractions, Supplemental Property Data.

Authors: Gray, J.A., and Holder, G.D.

Source: Report No. DOE/ET/10104-44, April 1982

This report describes the evaluation of some correlatioms with respect to
thelr ability to predict the viscosities of narrow boiling coal liquid
fractions from the SRC-II process. The multiparameter equation of state and
assoclated correlations, developed b§ Starling et al. (1980) for predicting
the thermodynamic and physical properties of coal liquids were evaluated. In
this analysis, separate correlations for the critical volume, the critical
temperature and the orientation parameter were used. Other correlations for
the liquid viscosity were also developed and evaluated.

. The experimental data used in this analysis were reported by Gray (1981)
and Gray et al. (1981) for 15 narrow boiling coal liquid fractioms with
boiling points (50 wtZ off temperatures) ranging from 346 K to 724 K, Since
densities are needed in calculation of viscosities, the method of calculating
densities was important. Two methods to calculate the densities were used;
one based on Starling’s equation of state, and the other from the modification
of the Rackett equarion.

For the Starling et al. correlatioms, the experimental and predicted
viscosities were in fair agreement for the lighter cuts, but discrepancies
became larger as the cut became heavier. This was true regardless cf whether
the orlentation parameter was determined from the boiling point or from
Starling’s gemeral correlation. The average absolute error for cuts boiling
above 590 K was generally in excess of 40Z. Ip thase calculations, the
densi;ies were based upon Starling’s equation of state. When the densities

were determined from the modified Rackett equation, the average absolute
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errors were mich worse. This occurred despite the fact that the Rackett
equation give more accurate demsity predictions.

Cray and Holder have developed and evaluated some other correlationé for
predicﬁion cf sa;urated liquid viscosity. The most successful correlation kad

the following form

1n (1/p0+3) = £, + uf,

where
£] = =5.180477 + 0.64578 o + 0.102428 a?
£, = 0.49886 a + 2.35539 «?

and a = (larr)/rr

The viscosity, #, is in mPa.s; p is the density in kg/m3 as determined from
the modified Rackett equation; w is the acentric factor which is determined
from the boiling point and the Wilson et al. (1981) vapor pressure equation,
and Tr is the reduced temperature determined from the Starling et al. (1980)
correlation for critical remperature. This correlation gave an absolute
average deviation in predicted viscosities of 11.92% and a bias of 1.27.
These results were considerably better than those obtained using the
correlation of Starling et al., and this correlation has been recommended for

estimating the viscosity of SRC-II coal liquid fractioms.
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Title: Density, Viscositv, and Surface Temsion of Coal Liquids at High
Temperaturas and Pressures

Authors: Hwang, S5.C., Tsonopoulos, C., Cunningham, J.R., and Wilson, G.M.
Source: Industrial and Engineering Chemistry, Process Design and
Development, Vol. 21 (1982), pp. 127-134,

This paper presents the viscosity data for coal liquids at temperatures
up to 730 K (850°F) and pressures up to 22 ¥Pa (3200 ]ésia). Measurements were
made. on 1.'Lquids produced with the Exxon Domor Solvent i)rocess on Illinois and
Wyoming coa1§. The viscosity was measured by using a rolling ball
viscometer. Several measurements were also made to determine the'effect of
dissolved hydrogen on tne physical properties of coal liquids.

Two methods of estimating the viscosity data were evaluated. The first
ome was a petroleum fraction liquid viscosity correlation developed by Abbott
et al. (1971), and the second correlafion was based on the apﬁlication cf
corresponding states concepts to a large amount of experimental pure component
data by Abbott and Faufmann (2970). A comparison of the experimental and
calculated viscosities indicated that neither the petroleum fraction nor the
pure component correlations could correctly predict the effect of pressure on
viscosity. The values predicted by the petroleum fraction correlations were
appreciably higher thar the experimental results at temperatures as high as
800~900°F, the absolute average deviation was 45% in the absence of hydrogen
and 25% under z high pressure hydrogen atmosphere.

Although better results were obtained for the viscosity of coal liquids
not containing dissolved hydrogen when the coal liquid fractions were
simlated as pure components rather than as petroleum fractions, the reverse
was true for coal liquids with dissolved hydrogen. In the case of the pure-
component correlation, the eritical viscosity of hydrogen was used in all the

viscoslity calculations of the coal liquids containing dissolved hydrogen.
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Clenrly, this blending procedure was poor for hydrogen/high-boiling cowmpound
mixtures. In order to clarify this problem created by the blending procedure
used in the viscosity oredictions for coal liquids containing dissolved
hydrogen, calculations were also made by ignoring the hydrogen dissclved in
the coal liquid. The results of those calculations indicated that the pure-
component correlation was markedly superior to the petroleumfraction

correlation.

References cites in this abstract:

Abbott, M‘H" and kufmann, T.Go, Can. J. Chem. Eng., Vol. 4‘8, Pe 90 (1970)-

Abbott, M.M., Kaufmann, T.G., and Domash, L., Cau. J. Chewm. Eng., Vol. 49, 379
(1971).
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