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VI. SUPPORTING RESEARCH AND DEVELORYENT

SIMMARY

The supporting or applied research and development effort within ;he
Coal rrogrzm, as distinguished from the basic or multidirectional research,
has the objective of providirg essential research support required to ensure
the technological success of the ccal conversion options as currently
identified. The basic research contributions, on the other hand, address
the more fundamental problems which are expected to lead to an understanding
of the underlying principles of the phenacmenz encountered. New concepts for
new processes, improvements for present processes, end improved materizls are
expected to result from applied research efforts as well as the basic. Corre-
lation of these efforts snmould be emphasized to maximize such benefits.

The supporting or applied research effort for coa. :cnversion is
characterized by the recammended FY 1575 funding base ‘or the following five
subdivisions (the basic research program is discussed unde. Molecular

Sciences and Materials Sciences categories in the Division of Physical Research
chapters).

FY 1975
($ millions)

Chemical cdevelcoment 5.4
Engineering sciernce support 5.0
Materials 13.¢
Systems evaluation 0.8
Geoscience 0.2
Total 28.9

The fundirg level of $28.9 corresponds to the cumulative FY 75
estimate support currently'distributed among the Federal agenciers which
would likely be transferred into ERDA. It amounts to abcut 3 six percent
incremental addition to the coal technology program and is recommended only

as a base on which an expanded and sustained supporting research aad d:zvelop-
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wment program should be built. This level should, therefore, be
considered tc be a minimum recommended level in view of the deficieacy
inherited as a result of underfunding this activity in the past.‘ fhe
distribution within the five subca;egories shown above represents our
present judgment of relative needs within the Supporting Research and
Development category. However, the level of effort ruquired te
a@equatelv scope a detailed supporting research program far exceeds the
available manpower for this cootingency task force. In that regard, this
chapter is deficient.

T+ is recommended that the Director of the Coal Programs Division
establish an on-going supporting research program at the national
laboratories and energy research centers. It is also recommended that
a review of research needs be made to gui&e th; formaéion of the
supporting research program and %> develop the resources of national
laboratories and energy cehters.

INTRODUCTION

The large and rapidly developing fossil fuels industry - including
mining, coal liquefaction, coal gasification, newer combustion methods,
shale oil mining, and conversion - must have a2 solid supporting R/D base
(as well as the basic research effort described in HPR's chapter) for
several urgent reasons: (1) Percentagewise, small process improvements,
such as iacreased yields or diminished corrosion rates due to materials
improvements, would as a consequence of the industry size have significant

economic impact; (2) The supporting research and development effort

provides the information needed for development of new and improved

processes. Because of the long lead times involved in large imdustrial

projects, it is essential to initiate a stromg R&D effort as early as
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pessible in order to maximize its effect on the rapidly growing industry;
(3) The separate conversion processes oftea have unrecognized common
problems whiz=h can be related through the support program and answered
with a ccmmon solution. This on-going effort cannot only find soluéions
for known problems, but also anticiﬁate new problem areas before they
occur, This foreknowledge can be used to guide the projects and avoid
program delays;: (4) Recently there have developed constraints on industrial
expansicn which have heretofore played a less promicent role, and hence
intrude inro sareas where there exists an insufficient fund of information.
These areas include employee health and safety, environmental effects of
industrial activity, and potential raw materials scarcities.

OBJECTIVES

(1) Provide the Cocal Program with broad research support capablsa
of addressing in an appropriate time frame problems important
to the (evelopment of coal conversion processes and metinds of
coal utilization.

(2) Provide a source of new concepts leading toward improved processes,
higher efficiencies, and superior materials.

(3) Make available to the developing coal industry an adequate supply
of weli-trained personnel well-versed in modern scientific and
engineering techniques.

It is a judgment of the planning group that these objectives mav

reasonably be carried out with a budget level of approximately 9 to 15%

of the rotal program.



The applied research and development wark covered in this sec;ion
is directed toward providing the eésential support For the coal program.

In this sense, the work may be thought of es "applied" since the proplems
to be dealt with bear upon those which may be expected to arise in activi-
ties relating to coel processing and coal utilization. However, the skills
and technigues involved could be indistinguishable from those called for
in less mission-oriented research.

The problems dealt with in this Supforting Research and Development
section differ from those treated within the specific topical areas of
Mining, Improved Combustion Systems, Synthetic Fuels, Envirommental Controls
Technology in the respect that the work has a scmewhat broader supportive
scope, and is generally restricted to smaller scale laboratory or bench~
scale efforts. Thus, larger scale tasks, clearly appliceble to one of the
pzmed subject categories within the coal program, will be carried out within

_the purview of that branch.
A detailed applied R/D program cannot be formulated with the limited
manpower available for this portion of the contingency study. Only broad

areas of need can be listed. Remedial action for this deficiency is

recommended at the end of the chapter.



6-5

PRESENT PROGRAMS TN THE AREA CF SUPPORTING RESEARCH
ZND DEVELOPMENT FCR COAL

Funding in this area is presently (i.e., pre-ERDA) provided for in
the Office of Coel Research, Bureazu of Mines, AEC, EPA, and National Science
Poundation budgets. In some cases the budget levels siown are approximations
obtained from preliminary information or fram incamplete descriptive material.
Direct cocrdination with the agencies is required to reduce the unceriainties
in these estimates.

Particularly speculative at this time is the appropriate portion of
the EPA Envirommental Controls Tecnnology Program which should logical® s
be transferred into the Supporting R/D area. The elemeats of this program
are listed in Table 6.1 showing an estimated total for FY 1975 of $19.3 x 10°.
Some presently nonestimable fraction of this effort may be characterized
as Supporting R/D. However, it is believed to be rathe: =mail {iess than
5%) and so will be neglected at this time.

The estimated total available funds for FY 1975 in the area of
Supporting Research and Development for Coal is shown in Table 6.2 to be
$28.9 x 10° exclusive of EPA funds. This table lists for each of the six
budget categories from which Supporting R/D mories are drawn the estimated
division of funds between supporting and basic research, apd the relation-

ships to the total Coal Program within each category.
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Table 6.1. Elements of the EPA Envirommental
Controls Development Technology Pregram Related

to Coala
FY 1975
(miliions)
Eastern Underground
Fastern Svrface
Western
Direct Combustion - _13.1
NOx Control
Fluidized Bed
Synthetic Fuels 6.9
High Btu Gasification
Coal. Liguefaction
Low Btu Gasification
Cammon Technology-Environmental Control _35.6
Flue Cas Desulfurization : 30.9
Fuel Cleaning 9.7
Particulate Control
Conversion Process Contrcl
Waste Disposal/By-Produet Utilization
Therms} Pollution Control
Noise
Intermedia Effects
Total 79.3

Bepg proposed program for FY 1975.
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Table 6.2. Coal Research and Develorment Budget Estimates

FY 1675 Corngressional Budget
(Millions of Dollars)

Total Coal-Related Research
Total Coal Program  Applied  Basic®  Total
AEC-DPR® 80.7 1.7 0 1.7 17
Materials Sciences . 0.5 0 0.5 0.5
Molecular Sciences ko.1 1.2 0 1.2°¢ 1.2
AEC-DAT® 2h. L %.5 1.0 0 1.0
DOI~USEM' 105.6 9.9 5.7 15.6
DOI-OCR® 283.4 15.3 3.8 19.1
NSF-RARN® -  148.9 2.7 1.1 3.8%
NSF-RES] 363.7 8.7 0 8.7 8."
Chemistry 37-1 8.3 ) %.3 8.3
Materials Research 45. 4 2.b o 2.4 2.4
Total : 28.9 21.0% 49.9

;Multidirectional in character — may apply to programs otker than coal.
bppo Congressional Budget, January 197h.

°DOI- "Energy Research Program of the USDOI," February 197%.
NSF FY 1975 Budget to the Congress, January 1975.
2.7 of 3.8 is emergy adé-cn.



Regarding Teble 6.2 we note that all DPR funds are essentially
basic or multidirectionzl in character. Applied problems are frequently
addreszed from a basic or fundsmental point of view using the existing
base of ~e:@o.e::'t:i.se developed within these basic research progrems. Materials

science funds for coal-related corrosion research are estimated to be $0.3M.

The DAT funds support both developmental 2nd supportive research
efforts. %+ is estimated that spproximately $1.0M of ths $4.5M total is
supporting za2search. Iittle basic research effort is judéed to be
supported with these funds.

The NSF-RANN coal research program totals 3.84. The sp:it between
supporting and basic research is difficult to judge; the basic portion
could be 30% or more. Imteractica with NSF-RANN, however, is required to
establish this split.

The N3F-Res. coal research for materiels is not possible to estimate
with reasonable accuracy without more infomati&;n. The total NSF-Materials
effort which is identified as energy-related is $11.8M (845.4 total). Onmly
a fraction of this could be reasonably construed to be coal rglat:ed - perhaps
as much as 20%. The chemistry effort identified as energy-related is $23.4M
($37.1% total). An estimated $6.3M is coal-related and all characterized as
basic research. '

The DOI-USBM cozl effort in High-Btu gas is virtually all zpplied or
developmepte_'l. research — except for a fraction of the work under Hydrogen

Generation. The Support Research under Coal Iiguefaction ($7.1M) and the

Advanced Hydrocarbons Research ($3.2M) appear to be about 50% basic with

the rest applied.



Central Station Conversion on Advanced Cycles and Direct Com-

bustion is $3.3M and is judged to be 10% applied research or $6.3H.
The Central Station Coaversion on Coal Combustion is funded at

$2.0M and is judged to be 107 or $0. 2M.

The DOI-OCR Advanced Research Supporting Technclogy is giver as $19.1M.
Of this, approximately 20% is construed to be basic in character, viz

$3.&M. Greater accuracy here requires direct communication with OCR.

RECOMMENDED PROGRAM — SUPPORTING RESEARCH
AND DEVELOPMENT FOR COAL

x .
The Subpanel V report recamended the following subdivisions of
work in this area:
- Equipment develommant

Materials

Data compilation, handbooks, analyses

Catalysts and chemical kineties for conversion processes

Process development

- Hydrogen production for use in coal corversion processes

The last three items could logically be grouped as "Chemical
Development."” Hence, we now recommend the modified topical subdivisions
listed in Teble 6.4 which represents the recammended budget for the

Applied Rese.a:rch and Development Program.

*
The Nation's Energy Future, Subpanel V Reporr Coal and Shale Processing
and Cambusticn, Oct. 27, 1973.
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Table 6.3 Estimates of the Office of Coal Research Prog;aml

FY 75
(Millions)
Snpp_qrti‘ng Science & Technolqu --‘-ooo.--o-.ooo---ooaoa_.o-.....s 19.1

Advanced Coal Conversion PIOCESS seveesscccccssscssvscccececcs 123,
Gasification
Catalytic Methenation
Liquefaction
Improved Hp Production
Conversion of Gas to Liquid Fuels

Advanced Utilization Ptocesses 0860 et er0®eestlTTCROIIVYSIRIRRBSORAGRE 2'6
Extraction, Refining, Conveyances
Clean Combustion
Sulfur Removal Processes

New & Improved Electric Power G2neratioR ...cciesecsccccences e 1.0
Improved Fuel Cells -
Combined Cycles

Advanced Supporting ReSEaTCh ceceeeccsoscsosssasscssasococcaase o0
Materials
Waste Dicposal Processes
Physical-Chemical Measurements

*Information frem Jere Nichols

Alex Mills, AD

Harold Podal - Chemistry {petroleum ind.), OSW
Fenry Frankel ~ Materials, NASA



Table 6.4. Supporting Research and Develomment for Coal -
Recammended Budget

FY 1975
(miilions)
Suppor<ing Researcr and Development
Chemical Development 9.4
Advanced conversion processes, catelyst develomment
analysis and hydrogen production, structure and
properties of coal, cambustion processes, sulfur
removal, hydrocarboa research
Engineering Scicnces 5.0
DProcess development, extrection. refiring and
conveyances, separation processes, ccmbined
cycles, waste disposal processes, size reduction
Materiels Resesrch 13.5
Failure analysis, corrosion, erosion, compatibility
testing, bonding -
Systems Evaluation 0.8
Process analysis, data availasbility and compilation
Geosciences 0.2

Pock mrechanics, fiscture analysis

Total
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The scope of the tasks falling within “Supporting Research and
Development" for the Coal Program are indicated in Table 6.4. Five
general subdivisions are noted: Chemical Development, Engineering,
Science Support, Materials, Systems Evaluation, and Geoscience.
Suggested funding distribution between these areas are indicated
reflecting present views of the relative needs. Also indicated are
further task subdivisions in four of the five defined general areas
as an illustration of the type of work to be undertaken within each
category.

‘ As indicated earlier, a detailed program layout ¢can not be done
with the resources available for this planning exercise. Lacking
specificity, it is impossible to identify lists of problems which exist
in the present coal program and lists of research programs to attack
these problems. Since the problem - attack relationskip can not be
clearly illustrated, it is difficult to show a s:roné ;ase for tue
justification of a supporting research program in this planning document.

Yet there is a dire need f;r sustained applied research in support
" of coal conversion technology. We attempt to show that this need exists
by several means. First, there are appended two lists of supporting
research projects which address current problems im coal conversion.
These project lists originated in the national laboratories and are
meant to be examples. They show a problem area and a plan of attack,
and they present six millioan dollars of research in the first year.

As a second proof that supporting research is needed we can cite

the success of the AEC weapons programs and the NASA Apollo project.
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These were backed with vigorous sustained supporting research programs.
Finally, the growth of supporting research in the Office of Coal

Research shows a recognition that such work is needed to implement coal

process development. As recommended in this chapter, the applied coal

research effort must grow faster,

MANACEMENT COMMENTS AND>RECOMMENDATIONS

The work performed in the area termed "Supporting Research and
Developuent™ within the Coal Program irmpinges on the direct programmatic
work withia each of the other co-equal activities of the Coal Program
on the one hand, and with the more general basic research endeavors
which span all programs - Fossil, Nuclear, Environmectal Science - :a
the other. There is bound to be some overlap in each direction, and we
view some cverlap as desirable.

It is recomrended that the Director of the Coal'ﬁrograms Division
should establish and maintain an on-going supporting :-oal research proéram
at the national laboratories and energy field centers. As a first step,

- the Director should ask the field ceaters and laboratories to prepare an
incremental package of supporting research proposals which could be
initiated this fiscal year. This should be followed by 2 major team
effort to review expected problem areas aad to define the associated needed
applied research. The results of the review should be reflected in the

FY 76 program and budger. The resources of the national laboratories an!
energy field ceaters should be surveyed and, based on the defined applied
research program, guiéance should be offered to correct any deficiencies.

Likewise, the vesources of research and development laboratories in the

private sector should be surveyed for use im the supporting coal :.:search

program.




The following lists of supporting research

projects, appendices 6A and 6A, are meant only to be

examples, as stated in the text. ‘'They do, however, exemplify

the nature of sustained supporting research that ERDA must

have.



APPENDIX 6A
PROPERTIES AND REACTIONS OF GOAL - I

Topic Lab $ M-FY 75
CATALYSIS |

Catalysis plays a key role in mest of the processes for
convarsfion of coal to clean Ffuels, whether solid, liquid
or gaseous. Even where a catalyst is not deliberately
added,Amincral matter in the coal may have a profound
cflfect on tha couvse and kinetics of reaction. Much
e@pirical work has been and is being done on improvement
of catalysts for coal procescing; studies of
catalysts and of the mechanisms of catalytic reactions
nay facilltate the cclection of catalysts and optimiza-
tion of rascticn conditions.

Id:ntification of "Initial” Volatile Products of
Catalytic Coal Reactions. Use of the extrecine
sensitivity ard selectlvity of analytical systems
based on time-of-flight mass spectrometry to

fdentify the "initial" products of coal hydrogenation,
and to evaluate the performance of a catalyst by
detecting the onset of specific reactions. Elucida~
tion of rcactlon mechanisms by Isotopic labeling.
Ccrralation of coal reactions with those of model
ccapounds. Investipgation of tue role of metal
carbonyls ia coal converaion reactions., ANL 0.10

Catalysis of Coal Reactions by Mineral Components.

Tientiflcatlon of minerals responsible for 'ash'

catalysis, particularly in solvent refining of A
coal, and study of ruchanism of action. ANL 0.05

6A-1

0.15

0.05

0.15

0.05

0.15 0.15 0.15

0.05 0,05 0,05
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PROPERTIES AND REACTIONS OF COAL (Contd.)

ToEic

Structure and Extent of Simple Orpanic Molecules
Within 1he CLal Lattice. Use of time-of-flight
mass spectrometry and gas chromatography to study
the structure and cxtent cf occurrence of relatively
simple organic molecules within the coal lattice and
ccnditions under which they can be released, Com-
perison of products rcleused by heating with those
cbtained by low temperature solvent extraction.

Physical and Chemical Properties of Coal.
Correlation of physical and chemical properties of

coal with hydwogeriation and gasitication reactivities. .

Properties to be investipated include chemical com-
pcsition, particle size distribution, porosity,
surface area, surface features, X-ray structure,
electron spin resonance, and thermal transitiors.

REACTIONS OF COAL

Desulfurization -of Coal by Cas-solid Reacticns.
Studies of selective oxidation and reduction of

sulfur in solid coal by oxygen and hydrogen gases,
vespectively.

Lab $,M-FYT5 % 17 18 19 80
AN 0.10 0.10 0.20 0,10 0.0 0.0
BNL 0.10 F 0,0 0,10 0,10 0,10 0,10
Ames 0.07 0.10 0,10 0,10 0.10 0.10

6A-3



PROPERTICS AND REACTIONS OF COAL (contd.)

Topic

Machanisms of Dissolution of Coal. Studies of the

machanisms of solvent cxtraction of coal using
isotopically-labeled solvents and gases together
with gas chromatogrephy and mass spectrometry.

Study of Fast, Hiph-temperature Lkeactions of Coal

With lydropan. Kinetic studies in small-scale
static and flow systems, using rapid heating
techniques and detéction of stable and free-
redical produets. Correlation of rasults with
physical and chemical characteristics of the coal

sample.

Nsximization of CO Production in Coal Combustion.

KInetic studies of the rcaction between carbon and
oxypcen diluted with COp, to test the feasibility
of simultaneous production of power and methanol
in a combined cycle process.

Reaction of Cral hith Metal Oxides. Investigation

of the formation of metal carbides at readily

attainable temperatures.

Studies of th conversion

of such carbides to gascous and liquid fuels.

Thermochenistey of Coal Reactions.  Thermodynamic

czlculations of coal conversion processes arc
generally based on data for carbon in the form of
beta-graphite. liore roliable results would be
obtained if measurements vere available for various

types of coal.

ANL

BNL

BNL

BNL

ORNL

6A~4

$,M-FY75 y

0.10

0.06

0.07

0.08

0.0

0.10

0.10

0.10

0.10

0.10 .

0.10

0.10

0.10

1.10

0.10




PROPERTIES AND REACTIONS OF COAL (contd.)

Topic

MECHANICAL PFOCESSES

Sclid Porticle Erosion of Vessel Wulls. Severe
erosion-corrnsion conditions exist in gasifier
rcactor and heat vecovery systems, involving both
duetile and brittle materials. On a ductile surface,
the kinetic energy of the particle is dissipated in
plastic work, which causes idcntetion or shearing of
the surface. On a brittla surface, the kinetic
er.ergy is dissipated in erack propagation, which °
czuses spalling of the surface. In these systems,
tte presence of corroslive goses complicates the
erosion problem. The investigation will, thei=fore,
involve the atudy of the mechanism of solid particle
erosion at high temperalure and pressure, where
corrosiun pl.ys an important role. :

Fceding and Removal of Solids at High Pressure.

The feeding and removal of coal at high pressure

cen cause severe erosion and abrasion problems.

Luck hoppers have been used, however, there is an
erergy loss associated with them. Large pistons

tl at displace coal into the pressure vessles have
been tected. Also, coal has been pumped as a silurry
with ofl or water into the vessels. This, however,
can create a separation problem for the recycling

of the slurry flui¢. In all of these systems erosion
and abrasien of components occur. Research is needed
int¢o understanding the mechanical interactions so
that present devices may be improved and new devices
méy be develop:d. This program will be coupled
closely with the metallurgical programs on erosion
ar.d wear.

64=5

Lab $,M=FY75
ANL 0.2
Bu Mines 0.1
Univ, 0.1
ANL 0.05
Bu Mines 0.15

0.2 0.25 0.25 0.25 0.25
0.1 0.1 0.1 0.1 0.1
- 0.1 0.1 0.1 0.1 0.1
0.05 0.05 0.05 0.05 0.05
0.15 0,15 0.15 0.10 0.10



PROPERTIES AND REACTIONS OF COAL (Contd.)

Topic Lab $,M-FY75 76 11 718 19 80

Fundamental Studv of Abrasive Wear. Abrasive wear
is a problem throuphout the coal/slag/char/ash system
In any coal process, from crushing and sizing of

coal to the handling of ash and waste products.
Alvasive wear is the removal of material from the
surface by mochanical action, and may have normal

as well as tangential components. The mechanism

of abrasivo wear relating to such phenomena as
gouping ebrasion and high stress grinding requires
fundumental study. 1he case of low Stress

scratching abrasicn will be covered under solid ANL 0.05 0.05 0.1 0
pirticle erosion studies. . Univ. 0.05 0.05 0 0

Coal Size-nrduction Processes and Particle Character.
A fundanmental uncerstanding of coal crushing and
grinding is not available today. Large fractions

of undersized particles are still produced in the
grinding step. These particles do not react
efficiently in many coal cenversion processes,

cither due to their size or to their surface

character. This study will investigate existing LBL

er.d new reduction techniques and the size and PNL 0.05 0.05 0.05 0.05 0.05 0.05

character of che resultant particles. This study BNL 0.1 0.1 0.1% 0.15 0.15 0.1

will also rcly heavily on data collected cn the ' Univ. 0.05 0.05 0.05 -0.05 - -

ptysical prapertics of coal. . Bu Mines 0.2 0.) 0.15 0.15 0.2 0.15
6A-6




PROPERTIES AND REACTIONS OF COAL (Contd.)

Topic Lab $M-TY75 76 77 18 19 80

High Temperature NOT Analysis of Vessel Walls.

Luyered structures (e.g., ceraric linings on me<:al),

thick-walled stainless steel vessels, or welds

containing slag will require nes test approaches

for nondestructive testing of component performance

during plant operation, Acoustic emission, ultra-

sonie analysis, @nd other new methods will be

enployad to demonstrate their validity at the high

operating temwperatuvre. The testing method and .
instrusent description will be incorporated into

the ASHYE Boiler end Pressure Vessel Code to allow

certifiad reliability. ANL 0.1 0.1 0.15 0.15 0.1 0.1

Fluid Dynamics in 3-phase Packed-bed Systems.

Tae conversion of coal to Liquids at high temperature
and pressure occurs in packed beds of catalyst
under hydrogen. Little information, other than
erperical is available on the fluid dynamics of
the 3-phase system., Information is nceded on mass
trans fer rates between coal, liquid, and catalyst,
pressure drop per unit of reactor length, and
effects of scaleup in reactor diameter on these
properties. Fundanental knowledge is needed on
fluid and solid-phase properties. Information is
also neceded on proper liquid and gas ratios for
adequate turbulence to avoid caking and coating of
catalyst pellets. This program will invastigate

the basic fluid dynamics of the system of a fixed . ANL 0.1 0.1 0.1 0.1 0.1 0.1
bed and slurry-fas mixture to cbtain the needed Ind. 0.05 0.05 0.05 0,06 0.05 0.05
icorrelations., -~ Uniwv, 0.05 0.05 0.05 0,05 0.05 . 0.05

6A~7




PROPERTIES AND REACTIONS OF COAL (Contd,)

Topic

" SURFACE REACTIONS

Nindamentals of Contact Between Sollds and Fluida.
Coal conversion processes employ fluidized,
entrained, and fixed-bed rcaction vessels operating
at high temperatures and pressures. However, the
fundamental physical and chemical reactions at
particie interfaces in cnal systems arc not clearly
undersitood. These include thermodynamic activity,
porosity, surface arsa and enerpy, and fluid and
golid mass-transfer rates. A basic investigation
will be undertaken to cvaluate thesc mcchanisms as a
finction of Ffluid and so0lid composition, tempera- '
ture, pressur:, and time. Tho investigation will
also be coupled closely with the study on catalytic
activity.

Failure Mechanisms in Vessels. Ceramic liners,
metal vessols, and structural components of coal
conversion equipment are subject to thermal shock
-and fatique during operation. The mechanism of
ductile and krittle fracture under 3uch stress
s:ate can be totally different than under steady-
state conditions. The presence of a corrosive
environment may lower the failure threshold or
change the faflure mechanism. This study will
focus on thermal an< eavironmental effects on

the threshold values {or brittle or ductile fracture.
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PROPERTIES AND REACTIONS OF COAL (Contd.)

Topic

CERAMICS

Bonding of Ceramics to Metal Substrates. Ceramic
linings in coal conversion systems offer sipnifi-
cant advantages of thermal insnlation coupled with
high chemical stability and wear or erosion resis-~
tance at elevated temperatures. A promising method
that allows the tailoring of ceramic coatings in
te2rms of their composition, microstructuve and

deasity is the plasma spray process. The purpose
of this investigation is to gain an understanding
of tae relationship between the plasma deposition
parameters (ceramic/substrate composition, rate

and distance of deposition, temperature of substrate,
etc.) on the resultant microstructure, bond strength
and thermal shock resistance of the coatings.
Attention will be focused on ceramic/metal combina-
tions suitable for doal conversion atmospheres.
Duplax structures consisting of low density cevamic
insulators covered by wear resistance high density
ceranic coatings will also be investigated.
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PROPERTIES AND REACTIONS OF COAL (Contd.)

Lab $,M-FY75

Togic

1Y=-PRODUCT RECOVERY

Renmoval and Kecovery of Sulfur at High Temperature.

In today's coal gasification processes, sulfur, as

H.S, is recovered by commercial low-temperatue

matnods (Alkasid, Benfield, rectisol, selexol,

sl finol, etc.). Efficiency is reduced since the

gas stream originally at as high as 1000°C tem-

perature must be quenched to 100-150°C. Existing

methods for high temperature desulfurization have

serious limitaticns. These existing processes must

be improved and new methods must be conceived and

daveloped. Promising techniques will be evaluated Ames 0.
a: operating gasifiers. Bu Mines 0

Mineral Pecevery from Coal Woste Products.
Analyses of asn from castern and western ccal show

that they contain oxides of the following elements:

silicon (30-60%), aluminum (20-30%), iron (5-20%),

cnlcium (2-12%), sulfur (1-12%), and traces of

others. Presently, ash is used as source material

for cement and apcrepate manufacturve. However,

when large quantities of coal are utilized, con-

sideration must be piven to recovery of their

minerals. Of these, aluninum oxide recovery

appears to be attractive for aluminum manufacture.

The objective of this study would be *o evaluate

these possibilities in consultation with coal Unav. 0.05
processors so that recovery can be optimized. Ind. 0.08
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APPENDIX 6B

PROPERTIES AMD REACTIONS OF COAL =~ Il
ORNL

1. COMPOSITION OF COAL « ¢ ¢ ¢ o « =« ¢ = o =« = §$300,000

1.1 Constitution and Structure of Coal Microconstituents .. $180,060

1.2 Identification of Trace Metal Complex=zs in Co2l ........ 120,000
2. CHEMISTRY OF COAT. CONVERSION . o« « « « < » = §720,000

2.1 Heteroatom Reroval From Coal by Catalytic

BYAYOGEeNOlYSiS cvecceccnscncscncoarsononscranananna eeeees $120,000

2.2  Hydroceracking, Hydrogen Addition, and Condensation
Reactions in Coal Liguefaction ...ececeaccan cecesesessas 120,000

2.3 Therncdvnamic Data for High Temperature Coal
PXOCESSING coecevccccsconcccncsrossannansssscsassesasscsss 120,000

2.4 The Thermodvnamics of Coal-Related Hydrocarbon in
Solutions at High TemperatUre ....cesseeacesssessanea-=-2. 120,000

2.5 Modeling of Rearrangements of Coal Precursors and
Coal Liguefaction ProQUCtS seceeessesscceancsnocassesass 120,040

2.6 Fundamentzl Hydrocznation and Rearrangement Reactions
Related to Coal Chemistry by the use of Nuclear
Magnetic Resonance SDECEYXOSCODY cccsecocssnscoscccnsenas-s 120,000

3. ANALYTICAL CHEMISTRY .« v « © o & 4 o o « » » $250,000
3.1 Chemical Characterization of Materials Used and

Prcduced by Coal Hydrogenation Technology -.eevesecs.... $ 90,000

3.2 Develovment of Multi-Component Analytical
: Techniques for Coal-Related MaterialS ...ceeeswvvereascs.-~ 90,000

‘3.3 Development of Specialized Analytical Instrumentation
fot Coal Hydrogenation ReSEAYCH ..ce-veasecsescssnasssas 70,000

4. SEPARATIONS SCIENCE . ©» o v« « o = v« o = = « $655,.000

4.1 Activated Carbon St12di€S ..ccccecacevecncnnnssenaaasnsss $120,000
4.2 Multiphase Flow in Porous BodieS ...ccesevevecsecesns-na 19,000
4.3 Envineering Sclences .c.cceecceccracvresercccsrsavoansecsns é0,000
4.4 Biological Processing of €oal ...ccceccracccecaccacceasc 120,000
4.5 Filtration Research ...cccecccccecccnccnacscccccoceccnns 100,000

4.6 Efiluents from Coal LiquefactiOn ssseseccecccessascerss--~150,000



PROFERTIES AND REACTION3 OF CCAL (Cont.)

S. CATALYSIS . . & & ¢ 4o o 4 o v e o = o « o « & $600,000

5.2 The Selection and Improvement of Catalysis Related
to Coal Conversion Process Development cessssassess-sa. 9 €D, 000

5.2 Solid State Asp2cts of Hetercgeneous Catalysis
Related to Coal Researzch ........ Cereesenctenean esesesss. 120,000

5.3 Mechanisms of Interaction Between Coa- and Molten
Salt Hydrocracking Catalysts ........ Ceesemcennasse -aaas 180,000

5.4 Molten Salts in Coal Utilization ..eeeeeeeceesvsssassass 120,000

5.5 Catalytic and Surface Studies .......... secacesesasccnen 220,000

6. MATERIALS RESEARCH FOR COAL CONVERSION PRCCESEES $720,000

$.1 E0lid Particle Erosion of Metals and Ceramics ......... $120,009

6.2 Behavior of Metals and Ceramics in Coal Treatment

Systems ...... escasatmnscacanann ftsavccacsassasnasassesss 120,000
6.3 Hydrogen Embrittlement ..... e ectaneceacaasas enssecessan 120,002
6.4 Failure ifechamisms in Reaction VesselsS ...ccecsccaccaces 120,0C0

6.5 Mass Transport in CeramicCsS .c.ceveccececscccaceessase-ass 120,000

6.6 Defcrmation and fracture of Ceramics ......e-ceeeeseeaecase 120,000
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1.1

1.2

PROPERTIES AND RMEACTIONS OF COAL

1. COMPOSITION OF COAL

Constitution and Structure of Coal Microconstituents # MY - 3 $180,000_

This project is a study of the constitution and structure of coal
micraoconstituents {macerals and minerals) by such nondestructive physi-
cal methods as x-rav diffraction and fluorescence; electron microscopy,
diffraction, and spectroscopy (ESCA); and optical abscrotion, reflec-
tion, and fluorescence spectrecscopy (UV, VIS, and IR). Emphasis will be
placed on technigues and problem areas in which ORIL has special exver-
tise. An existing coal petrography laboratory anéd a service facility

. for the separation and physical fractionation of coal microconstituents

will be integral vpaxts of the program. Constituents of ccal of various
botanic origins and with various metemorphic histories will be studied
and compared. Topics of initial study will include low- and high-angle
x~-ray diffraction studies of intermclecular and macromolecular spatial
crdering, x-ray flucrescence and ESCA studies of the distribution of
minoy and trace elements, and electron microscopic studies of macera..
textures and their ultrafine pores. The results of these studies should
contribute tc a better understanding of the geologic evolution of coal
and should provide a firmer basis for evaluating the characteristics
and properties of these complex materials for purposes of utilizatien.

Identification of Trace Metal Complexes in Coal # MY - 2 $120,000

The chemical nature of the compounds in which trace metals are
presert in coal will be studied by means of radioactive tracers. The
radiocactive compounds will be prepared in situ by meutron irradiation.
Tracer compounds, so prepared, will serve to identifv t.ue element and
will permit the following the compound through purification steps
leading to its purification and identification. The nature and prop-
artics of metal organic compounds in coal are of interest both to
understanding their catalytic and/or catalyst poisoning activity in
coal utilization processes.
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2.1

2. CHEMISTRY OF COAL CONVERSION

Hetercatom Removal From Coal by Catalytic Hvd.ogenolvsis # MY - 2 $120,C00

In coal conversion vrocesses involving catalvtic nydrogenation,
the common elements sulfur, nitrogen, and oxygen need to be effectively
removed in order to obtain an optimally useful product. There is, at
present, an inaceguate knowledge of the rates and mcder of removal of
these heterocatoms under various catalytic conditions. Phenols and furans,
for example, often constitute a significant fraction of a coal lique-
faction procduct. Aniline, pyridine, and other amines can also be
present in relatively high concentrations in the liguid oroduct. Cur-
rent environmental regulations recuire almost quantitative sulfur
removal. The purpose of this research program is to detexmine the
facility with which selected sulfur-contzining compounds, polycyclic
phenols, and amines can be catalytically reduced under cormon coal
liquefaction conditions. Data for the previously investigated systems
involving thnionhene ané benzothiophene would be used to calibrate the
experimental apparatus and to orovide a basis for correlation of data
obtained with rmore complex compounds. The initial work would be con-
ducted with commercial Co/:lo catalysts; eventually, other catalysts
such as Ni/W ard 2ZnO world pe used. During the studies, the role of
H5S and other compounds in conditioning catalysts will be determined.
Data obtained in this study will a2lso permit a better guantification of
the temporary poisoninc of catalysts bv gases such as H2S, H20, and
NH3. The experimental work would involve the use of a pulsed micro-
reactor system combineé with gas chromatography —-mass s:ec*romet*y for
analysis of the reaction products.,

Capital Items Required:

{1} Modification of existing gas chromatograch — mass spectrometer

system., Includes purchase of recording equipment, zretro-
fiﬁting electron multivlier, and modifying vacuum system. $14,000

{2) Modification of vactun system to permit use of existing chemical
ionization source. $12,000

Hydroc:acking, Hvdrogen Addition, and Condensation Reactions in Coal
LigueZaction # MY - 2 $122,000

In an optimiced ccal liguefaction ovrocess, the formation of both
light gases and verv high molecular weight compounds necessarily is
minimized. Thus, the relative rates at which comgounds formed .under
typical coal liguefaction processes are condensed to form heavier com-
pounds or are hydrocracked to form lighter compounds must pe Known.
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Z.2 Hy€rocracking, Hvdrogen ... (Cont.)

For examnle, nzphthols (which are kncwn liguefaction products) can be
hydrocracked to benzene derivatives or condensed to compounds such as
1,)* dinaphthyl and perylene, depending on the reaction conditions

and the catalyst emzloved. In this investigation the relative effects
of hydrocracking, hvdroczn aédition, and condensation feactions on

codl ligquefaction product composition and hvérogen consumption would
be studied as a function of several variables including contact time,
temperature, hydrogen pressure, and type of catalyst. The experiments
would ke conducted using both coal and model organic compounds. Rad-
ical scavengers such as guinones would be used to study the control of
condensation reactions. The role of various catzlysts in promoting
hydrocrackineg or condensation reactions would also be investigated. The
systems involved in these studies would be analyzed using spectrophoto-
metric, mass spectrometric, MR, and chromatographic methods.

Capital Items Recuired:

(1) Fluidized Sand Bath (two) $1,000
{2) Transducer, Readout Instrument, Recorder $3,000
{3) Ternperature Controller and Recorder $ 600

2.3 Thermodvnamic Cata for High Temperature Coal Processing # ¥MY - 2 $120,000

Extensive thermochemical data are availakle for low-molecular-weight
organic compocunds. These data are usefully agplied to organic reactions
at near-ambient temperatures for licuid rhase reacticns and at high tem-
peratures for gas-phnase reactions. However, thermochemical data for
organic compounds in general and hich-molecular~-weight comgounds in par-
ticulaxr are not available at the temperatures of interest (300 to 600°C)
in epal licuefaction. A major objective cf this progran, therxefors., is
to compile enthalpy data for relevant compounds and to estimate free
energies of Zormation utilizing the enthalpy cdata and calculated entro-
pies. Particular atiention would be paid to the compounds known to be
formed in hisgh yield in coal liguefaction processss; e.g. polycyclic
hydrocarbens, phenols, sulfur-canteining compounds, and arines. Some
attention would be paid to the thermodynemic charactezizaticn of cozls.
After making an initial compilation and critical znalysis of available
high-temperature thermcdynamic data, expasriments would be coaducted to
establi~n the validity of the estimated thermochemical data for sclected
compound: .

Another objective for this preogram would be to develop thermodynamic
data for catalyst systems. The initial effort would be a critical amal-
vsis of the phase relations among the molybdenum oxides and sulfides,
including consideration of the thermodynamics of the Magneli phases and
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2.3

2-4

Thermodvnamic Data ... (Cont.)

estimates of equilibrium constants for reactions such as

HoO3 + st = Mon + HZO.

Y

Other sulfide ecuilibria involving elements such as arsenic and titaniunm
which are known to cause poisoning of hy@rocracking and hydrodesulfuri-
zation catalysts would also be determined.

Information developed in this program would be used to compare the

compositions of actual hydroligquefaction streaxms with those expected under
equilibrium conditions.

Capitzl Items Reguired:

(1) Combustion calorimeter, including cata recording system. $ 8,500

(2) vapor deposition system for thermodynamic studies with
catalysts. $12,000

The Thermodvnanics of Coal-Related Hyd@rocarbon in Solutions a:
High Temperature # MY - 2 $120,000

In all the processes for converting coal to licuid or gaseous
kydrocarrons, there is involved one or rore reacting liguié mixtures con-
taining many degradation or hvdrogenation products of coal. 1In order to
predict the course of the reactions which occur ir such mixtures, it is
necessary not onlv to know or estimate the heats of formation and entro-
pies of the various hydrocarbons in their pure states. bu- also it is

necessary to estimate their heats and excess entropies of mixing in the

.reacting solution. It has been possible to correlate with some success

the measured excess thermodynamic quantities Zor mixtures of relatively
simple organic compounds with such croperties as their molar volume,
polarity, and especially their cohesive enercwv ceansity  Relatively
little is known, however, about the thermodvnamics of mixtures of th
higher molecular weight, polycyclic compounds which are produced by cosal
degradation or hydrogenation.

We provose, therefore, to investigate the heats and entropriscs of
mixing ¢ £ =2lected high-melting polvcyclic compounds with solveats
typical of those used in coal degracation and hvcérogenaticn processes.
The experimental method employed initially would ke the precision measure-
ment ol the solvent vapor pressure as a function of solution comgosit.on.
This would be followed by isopiestic or perhaps ostotic pressure neasure-
ments depending on the nature of the systems to be studied.




2.4

2.5

The Thermodvnanmics of ... (Cont.}

The solutions produced in centract with coal in coal utilization
processes have becn found, after many years of investigation, to be
very complex mixtures indeed, containing many different compounds, some
highly polvmeric, some extensivelv associated, and others in numerous
isomeric forms. In the vresently crogesed study, we hoze to apprdach
the formidable problem of describing the thermodynamics of such mix-
tures by beginning with carefully chosen pure substances, determining
how they bchave in simple mixtures, as a function of theirx individual
physical and chenical properties, and finally extending the resulting
correlations te more complicated mixtures. :

Modelinc ¢£f Rearrancements of Coal Precursors and Coal
Licuefaction FProducts # MY - 2 $120,000

Substances containing the bicyclo[2.2.1l]lheptane skeleton are dn
important class of naturally occurring compounds found in pine pitch,
turpentine, coal tars, coal ambers, oil shales, fungal toxins, andé in
certain insects. The skeleton is found in many terpenes. The organic
and structural chemistry groups of the Chemistry Division have collazb-
orated successfully to devise an algebraic model whizh, in connection
with computer technicues, has been used to sclvs specific rearrangg-
nent processes or pathways in bicyeclo[2.2.1]lheptane chemistry. This
matihematical system allowed the construction of graphs which serve as
road naps for determining secuences of several different chemical xe-
arrangements wnich the bicyclo[2.2.ljhestans skeleton is xnown to
undergo. The graphing and computer technigues have Le:wmn applied
directly to specific chemical problems, and vielded important infor-
mation abcut reaction pathways in every case selected.

The chemistry of the fossil Suels involves an incredible number of

‘organic, compounds, but many of them have been studied extensively by

organid chemists and biochemists. fundamental aspect of organic geo-
chenistrvy, of fuel conversicn operations, of coal liguefaction and
subseguent processes concerns the network ¢f reactions which takes place.
The number of different compounds and reactlons is so larce that a
systematic approach reguires the apslication of computer technigues.

A5 a joint venture involving the organic chemistry and struciaral
chemistry groups of the Chemistry Division, we propose to uaderzaxe an
extensive program in mathematical moceling of the major reaction net-
works involved in organic geochemistry, i.e., in the biosynthesis and
geosynthcsis of these natural products. The first objective is to
model the mechanisms for the formation and inter~conversion of the com-—
pounds produced from multiples of the five~carbon-atom iscsrene unit,
particularly ~ompounds such as the triterpenes and isoprenoid hycro—
carbons. These compounds are common, basic constituents of plant
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2.5

2.6

Modeling of Pearrangenments ... (Cont.)

materials from which coal and other fossil fuels were derived. The
second objective is to apply the same modeling technigues to fuel con-
version and coal liguefaction processes. Our recent success in the
related project mentioned earlier (first paragrash), and the success
of the Corey-iipke project cn computer-assisted design of organic
syntheses give us coniidence that there is a reasonable chance of suc-
cess for our propesal.

Associated with the foregoing mathematical! modeling projec~ is a
study of the fundamental hydrogeaatio* orocessas which are of topmost
importance in cocal-enercgy research. e have alreadv collaborated on
a problem in which catalvtic hvérocenation of an unsaturated organic
compound has teen studied by substituting deuteriwm for hyéregen.
Neutron diffract:on technigues were used to éatermine how much deuterium
was in every substitutable position in the molecule with high precision
{+ 0.5%).

fundamental Evérocenation and Rearrancexren
to Coal Crhemistrr 5w the use of lluclear liacnz
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Nuclear magnetic resonance spectroscopy (nmxr) is now cne of the most
reliable, poweriul, and useful technicuies for determining the structures
of organic molecules, and for locatinc isotecpic substituents in these
molecules. Roth hydrogen nmagnetic resonance and carbon-13 macgnstic

rescnance are at present 2lmost universallv emsloyeé in organic chemical
research.

Since all forms of coal, oil, o0il shale, coal amkers, and the
biosynthesizeé orecursors of coal and oil are made up of organic molecules,
mmr spectroscopy can be of extreme value ani ol toomost imzortance in
solving prodlems which arise in research lﬁﬂolving these materials. We
therefore prozose the use of mar spectroscesy and the associated necessaxy
organic technicues to studv (1) a variety of ncmegeneous and heterogensous
catalytic hydrogenation processes of imzortence in the hydrogenatlon of
coal; (2) several isomerization and molecular rzarrangenent reactions ol
the type which occur during sudsecuvent chemical reactions ¢ coal avédro-
genation products; and (3) biosynthetic pathways of importance in the
production of coal precursors.

Capital Funds:
{1) *Fouriex Transfornx $70,000
(2) ** Radio Frequency Oscillators $16,000
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3.2

3.2

3. hNALYTiCAL CHEMISTRY

Chemical Characterization of Materials Used and Produced by
Coal Hvdrogeriation Technology 4 MY - 2 $90,000

The complete qualitative and cuantitative analysis of matexrials as
complex as those used and preduced in coal hydrogenation technology
(CHT) would be prohibitively exmensive in both time and money. However
knowledge of the constituents (both inorganic and organic) in these mate-~
rials is needed as a basis for much of the R/D that is planned for both
the engineering and the envircnmental/health aszects of CHT. At CRIL
there exist extensive capzbilities for both inorganic and organic
anaiysis, within the Analvtical Chemistry and Chemical Technology Divi-
sions. Sampling expartise resides in the Industrial Hygiene Department.
We propose to take advarntage of these existing capabilities to examine
in considerable depth representative samples of input materials, process
streams, and discharged materizls from CH pilot plants of different
types. These samcles would then be subjected to multi-element trace
analvsis by spark-source mass spectrometry, neutron activation analysis,
x-ray fluorescence, and other methods as appropriate. The samples would
also be subjected to a battery of organic analytical procedures that are
now in use foi chemical characterization of tobacco smoke and smoke
condensate. The most common health-hazardous compounds or classes of
compounds would be determined in this examination. Both acueous and non-
aqueous samples would be examined for noxious materials, primerily by
gas and liguid chromatocraphy, respectively. Structural identification
of selected compornents will be made as 2ppropriate. The initial product
of this work would be a self-consistent set of data pertaining to both
inorganic and organic constituents and related to existing pilot plants.
The data base would then be augmented by additional analyses for spe-
cific compounds or classes of compounds as specific needs are identified
by other R/D efforts in CHT.

Develonment of Multi-Comzonent Analytical Technigues for
Coal-Related Materials 3 MY - 2 $50,000

The examination and analysis of complex organic and agueous—organic
mixturzs is central to many aspects of coal conversion research. Chrom-
atographic technigques of various types are commonly used to sepavate,
identify. and determine constituents in such complex mixtures. By caxe-
ful design and rigid control of experimental conditions, it is possible
to devise procedures that provide analyvtical informatica (tentative
identities and relative amounts) of many (10 to 100 or more) compounds
in a single cxperiment. Moreover, by judicious selection of Sample prep-
aration (class fractionation and/or formation of volatile derivatives)
and chromatographic detection (e.g., sulfur- or nitrogen selective), it
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3.2 Developaent of Multi-Comnonent .

.. {(Cont.)

is possible to determine only compounds of a given class or those that
contain a given clement. We have explored the utility of these “chrom-
atographic profiling" technigues with extremely complex organic mixtures
deriving from tobacco smoke and smoke condensate, with good results. Wwe
pronose to develop and azply the trofiling aroroach for ccal-conversicn
studies. Initial effort will be placed on devising and ogtimizing sample
preparation, chromatographic, and detection parameters, in toto, to pro-
vide means for cuickly examining comgzlex samples for specific tvpes of
compounds related to coal-conversion tecnnology. Secondary attention
will be given to firm identification bv szectral technigues of signifi-
cant constituents within a given profile, e.g., those that vary with a
given reaction of nrocess rarameter. Thirélw, we progose co examine the
combired use of chromatographic profiliag and mathematical technigues
for drawing correlations within multi-parameier systems.

Develorment of Svecialized Analyticzl Instrumentation for
Coal Hvérogenation F2seareh # MY - 1.5 §70,000

Many studies related to coal conversion technologv are concerr :d
specifically with sulfurous and nitrogencus comoounds. Analvtical
Instrumentation is needed that is specific for these compounds. has
good resolving vower, is sensitive, and applicable to a variety of sam-
Ple tyves. e propose to cesign, construct, evaluate, and implement
the use of such instruments using initially the gas chromatograph in
conjunction with elemeni-~selective detectors for sulfur and for nitregen.
The use of microwave emission spectrometry as a tunable (but spvecific)
detector for sulfur and/or nitrogea will then be develoved. Tnirdly, we
vill study and attempt to édevelop GC cdetectors that are selective for
other types of compounds that are important in coal conversion technology,

.e.g., unsaturated compounds, aromatics, and oxvgenated compounds. Such
-instruments, once developed should have wide utilitv for both research
P \

and engineering studies related to coal conversion technology.
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4.1

4.2

4. SEPARATIONS SCIENCE

Activated Carbon Studies ' g My - 2 $120,006

Activated carbon seems to provide a unigue focal point for enerqgy
research, and particularly for coal research. It is probably the
cheanest, all-pursose adsorbent available. The residual chars from
hydrogenation and liquefaction of coal probably are even cheaper source
materials for activated carbon. Activated carbon can be applied to
removal of all tvpes of contaminants from solutions. This would in-
clude the organic contaminants, including the possibly carcinegenic
ones, produced in coal treatment.

Activated carbon is apparently used in Europe in desulfurization
of gases. For example, through inherent catalytic activity, it can
remove H,oS from gas streams and allow recovery of the sulfur. Because
of this obvious application to serious pollution-control problems, some
additional intensive work in this area is needed, including possible
modification of the catalyvtic activity through modifications of the
carbons. .

Finally . it appears that the technigues used for preparing activated
carbon from chars have more than a superficial resemblance to the water-

.gas reaction. We would hope that eventually a comprehensive program cn

the kinetic aspects of the reactions of chars with water, COy, and oxygen
could be carried out in the hope of clarifying some of the problems re-
lated to coal gasification and licuefaction. Since the chars and the
activated carbons can also be made from current crops) as well as lig~
nites and coal, it is hoped that such a program might provide a bridge
between the currently divergent technigues of preparing, by chemical
means, gaseous and liquid fuels from wastes and from coals.

Multichase Flow in Porous Bodies £ MY - 1.5 375,000

An area of important long-range impact in fossil fuels development
is multiphase flow in porous bodies.

This porous body flow is visvalized as involving a combination of
hydrodvnamics and surface chemistryv of importance in studies as divergent
as cat. lvsis and advanced oil recovery. Since a great deal of work =~as
been done in +his field. particularly by the oil industxy, it will be
necessary to carry out an extensive literature suxvey and discussions
with industry in order .to develop a properly focused program. For FY
1975, sufficient funds are suggested to have one senior man work full
time in thic area. A modest experimental program involving one additional
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4.3

4.4

Multiohase Flow ... {Cont.)

man could probably be initiated in the sccond half of FY 1975. Some

effort along this line was projected in the 182 entitled "Friltration

in Inorganic and Biological Systems® for FY 1976; tnis woulé be moved
up under this croposal.

Engineering Sciences # MY - 1.5 $9C,000

A typical coal hvdrogenation reactor has a large length-to-diameter
ratio, a cenfiguration which tvpically lesads to gas-bubble coalescence
and slugging of the bed. A study is proposed to examine clsnersal of
the gas and coalescence of the gas bubbles in a three-nhase bed as a
function of liguid and gas velocitv, licuiéd viscositv, solid particle
size anc density, and =zas introduction technigue. This study shoulé lead
to a better understanding of the bahavior of such three-~phase beds and
optimizaticn for tne kest contact of gas, licuid, znd solid phases.

Since gas-bubble coalescence is a recognized oroblem in the
catalytic hydrogenation units, an effort will he made to Gevelod a con-
tacting unit which disperses the phases using fixed flow éiviéing
elements. This should ensure optimal contact between the liguid, c¢: s,
and catalyst. The introduction of turktulent forces is also desirazl
to increase mass transfer to and from the catalyst surface a2nd may be
beneficial in presexving the catalyst activity by impecing the accumu-
lation of insoluble solids on the catalvst.

A simple system such as irreversible sorgtion of a dve or radio-

active tracer on the solid will be examined to datermine the effects
of operational variables in the three-phase svstem on mass transfer.

Biological Processing of Coal g MY - 2 $120,000

Several microorganisms are known to interact selectively with
various constituents in coal or in the ash resulting from coal cosmdus-
tion. Such interactica could be the basis for removal of unwanted
impurities as well as a means of recoverv of valuable cecmponents. 1In
general such a oprocess would recuire size reduciion and an agueous
Slurry. For example, several species of bacteria including Thicbicillus
thiocoxi‘ans and Thiobacillus ferrooxidans are Xnown to oxidize anc
solubilize coal pvrites with the possibility of removal of up to S0%
of the stlfur content of sore tvoes of coal. Other biological systems
are known to absord, dissolve, or 0 cause precipization of many other
elements including iron, manganese, and heavy metals. It is conccivable
that a micrcorganism could be found or an existing species could be
altered to int~ract with the primery carbon strucitre in a way that could
produce useful licuid fuels.
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4.4

Biological Processing ... {Cont.)

These biological techmmigques have not bd Ystudied seriously in a
process mode, and none has been carried out in continuous eguipment.
We propose to mount a process development eZort in which economic
process flowsheets can be developed and studied and the effects of
various process parameters can be considered. At the same time, a
small but importent ef:o*t will ke initiates to investigate naw
biologizal systems that may be directly uszkle in coal liguefackion.
Results from this effort could also be applied to oil shale proc-
cessing, esvecially for any of the biological systems that could be
used to alter the shale structure.

Filtration Research MY - 2 $100,000

Fittration for colids-liguids separations occurs in several of the
flow-sheets for coal laquefaction or cther ccal conversions, and might
advantageously be utilized in many other nplaces, if cheap and reliable
techniques were available. Catalyst life in the H-~coal process, Zor
example, might be prolonged by removal of solids from recycle product
returned to the reactor. Fhenolic contaminants might also be removed
from agqueous effluents.

Projecie3 filtration approaches are usually based on present
commercially available configurations. Tie separations involve complex
systems — 0il f£rom clays, metal oxides, anc unreacted or part ially
reacted coal, for examole — and chenmical interactions profoundly affect
peric mance. Better fundamental understancing of these shculd mezke
possibla substantial improvements in fiitraticn efficiency.

We propose to investigate model chemical systems closely akin to
thosa involved in coal processing. TFactors affecting filtration of
liquids containing single solids representative of those cccuring in

‘coal processing will be studied initially. These factcrs include re-~

lationship of particle size and pore size distribution of the filtering
media; ’effect of surface interactions with o::.-:av components, already
present or added to facilitate filtration; 2n¢ influence of hydrodynamics.
The work carried out under the title "Hultizhase Fiow in Porous Dodies™
will be mutually suppertive. We shall draw on experience with difficult-
to-filter agueous solutions, such as sewage treated with coagulants. In
particular, the use of movement of solution relative to +he filtering
inter~ace to slow flux decline frem thickening of £ilter cake will be
investicated. On account of éifficulty of zimping high-solute—coatent
slurrie:, it appears better in many cases of interest here to move the
filtering surface, rather than the solution, dy spinning cylindrical
filters (axial filtration), an approach which may be useful in practical
application, as well as in research. -
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4.5

4.6

Filtration Rescarch (Cont.)

Experiments with oil-solids systems will progress from studies of
simple systems at room temperature with oils in the viscosity range
encountered in processes to more comnlicated mixtures at prccess tenm-
peratures. In decontamination of acueous effluents, we shall try adding
substances to adsorb im-urities waich are then fiitered. This approach
has proven promising for removal of toxic materials in other cases. Wwe
shall also be concerned with concentration of phenolic comnounds to a
level for introduction into anaerchic filtexrs, develooment of which is
outlined in another probosal of this set.

Effluents from Coal licuefaction # MY - 3 $150,000

Ccal liguefacticn ans gasificatios plants produce waste process water
and water generated from the coal itself during processing. An aralvsis
of process flowsheets snows that thesc wastewaters may be expected to con-
tain a large variety of organic caxbon ccmpounds together witn sulfur and
nitrogen compounds. The wastewater prcduced during the solvent extraction
phase of licuefaction, for example, may have in excess ¢f 5000 prm of
phenol, cresol, and their acids. ther aromatic compounds, simila> to
those produced from coal tar, shoulé be found in the wiastewatexr. .iany of
these compounds are known to be toxic to aguatic orcan:isms at levels of a
few ppm or less. Some compounds, in particular some coal tar derivatives,
are known carcirogens. thers, such as phenols, celeteriously afiect tne
quality of water suprly sources at levels of one ppm wr less. Befcre
this wastewater is released into a receiving water, i* must be treated to
remove all but cne to ten pom of dissolved organic matter.

Conventional wastewater treatmen:t plants provide little nitrogen and

-sulfur removal. They are often unable to treat coal tar derivatives. A

new device, called the anaerobic filter, is more readily controlled and

" more acdaptable to the treatment of wastewaters of varving cuality and
‘guantity. If provides denitrification for the removal of nutrient nitro-

gen .compounds frcm the wastewater. It also produces carbon dicxide ard
methane from the degradaticn of orcanic compounds. Preliminary tests
indicate that aromatic compound concentiraticns as low as 1/2-gram per
liter can be treated using this methoZ. This represents almost 2 ten-
fold increase in the range of current methods.

We propose adaption and optimization of anaercbic filters fox
compo-itions typical of agueous coal liguefaction effluents.
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5.1

5. CATALYSIS

The Selection and Imorovement of Cetalysis Related

to Coal Conversion Precges Develonment Fuy - 1 $60,000

The number of variables that must be exploxed in the develcpment
of a practical catalytic process is great enough trat potenctially
valuable ancillary experiments are oftea omitted, iI they must be done
by perscns responsidble for the process chemistry. We propose o do
research on tvoical coal conversion catalysts by selecting two or three
simple reactions to be used for routine characterization cf catalytic
activity. For examvle, hvdrogen-ceuterium exchange. hydrogenation,
oxidation, carbon-carbon cracking. and other such reactions would serve
this puryose. We would supplement the activity determinations by
appropriate adsorotion measurements, using vacuum microbalance technigues
and by measurements of the infrared spectra of adsorbed malecules.
Poisoning studies and investigations oI new materials expected to have
catalytic properties, because of their surface electronic ztructures,
also wili be conducted. Information from such research should help
explain phencmena observed in the very complex practicel situation and
might point the way toward improved catalysts.

Solid State Asvects of Heterogeneous Catalysis
Related to Coal Research #F MY - 2 $120,000

Unfortunately, a fundamental understanding of the phys
heterogeneous caktalvsis does not exist. We propose a mrogram of closely
coordinates experimental and theoretical research to provide z better
understanding of heterogeneous catalytic action through investigations
aimed at correlating the surface geometry ané electronic structure cf
known.catalytic materials. as well as that of new materials expected¢ to
have catalytic activity. Specifically, we prorcse to measure and com~
pare soft x-ray and Auger spectra of such materials to idletermine simi-
larities and differences between corzespgonding srecira Irem the
conduction bands of these materials in order tc develop models which
should guide the development of theories regarding catalysis. By means
of lor enexrgy electrcn diffraction studies, the role of svriace geometry
in ecatalytic processes will be established. 3Both spectral and difirac-
tion methods also will be used to study the mechanism of poisoning
processes and the effects of temperature cycling and environnment on this
problem — especially the loss of activity. Finallv, using data obtainec
from 1he above studies, we hope to develop new catalytic materials which
are either better, cheaper, or less easily poisoned.
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5.5

Mechanisms of Interaction Between Coal and Molten

5alt Hydrocracking Catalysts # MY - 3 $180,0C0

Liguid Lewis acid bhalides (such as 2nCl;, Al,Clg. SbBrg and various
halide mixtures) are hichly active ané unusually selective hydrocracking
catalysts that conver:t coal into clean liquié fuels with minimal hydro-
gen consumption. Althoucgh thev have been sukjected to cornsiderable
engineering testing, the basic mechanisms by which these inorganic liguids
interact with comnlex organic materials remains unclear. This przject
h-s as one objective a studv 0f coal-catalyst dissolution or nixing
mechanisms, which are believed to differ with the type of liguil catalyst
and may involve both true solution and organic-inorganic colloical dis-
persions. A second objective is a study of the species formed by the
dissolution of coal-related organic compcunds in liguid catalysts. This
study will utilize both nuclear magnetic resornance and optical cspectro-
scopic methods. These have already been tested on some selected systems
and it copears possible t¢c obtain cuantitative data cn ion-melecule
equilibria. At a later stage reaction ratec will be measured. for
example, by Pressure-jump and Temperature-jump spectroscopic techniagues.
In all aspects of this study special attention will be given to the role
of furdamental characteristics which distinguish the various known
catalytic materials and aopear to be related to the key progerty of
selectivity. Aamonc¢ these characteristics are acidity (as measured by
PX ) and acid "hardness."

Molten Salts in Coal Utilization § MY 2 $120,C00

ORNL has for some time been engaced in chemical and engineering
studies of mclien salis. Molten salts havs been shown to de useful
media and catalysts in several coal utilization processes ranging from
hydrocracking to gasification. Ve would like to focus our attention

.on the chemistry of nitrogen, sulfur and the ash-forming elements in
.molten salt catalystis with the objective oi cdeveloping processes by

which these elements can be removed in crder that the molten salt
catalyst can be recycled. &An alternative possibility mignt be the use
of molten salsts in rejuvenzting hetesrogeneous catalysts used in coal
utilization orocessas. Related areas oI Dossible research include
materials for containment of molten sal:ts, their corrosion reactions,
and their decomoosition reactions.

[
»
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Catalvtic and Surface Studies 4 MY -2 $120,000

Heterngencous catalytic reactions of practical imgortange involve
the gas-solid interface, either directly or as an intermediate to the
solid-liguic interface. A quantitative undarstanding of these recactions
is usually hampered by a lack of informaticn concerning adsorbed species
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5.5 Catalytic andé Surxrface Studies (Cont.)

{products, reactants, intermediates, and poisons) on the catalyst surface.
This lack of information is particularly evident for the usunal case of
reaction at elevated temperatures such as those encountered in coal uti-
lization processes.

A great deal of valuable and basic information concerning such
catalytic reactions could ke obtained from research using the combined
techniques of gravimetric adsorption and infrareé speciroscopy. These
twe techniques, as used .in this laboratory, have proven capabilities
over wife renges of temperature (77 ~ 1000°K) and pressure. In addition
to providing a direct measure of the zdsorption on a catalyst surface,
gravimetric adsorption studies can, in principle, provide data on, e.g.,
kinetics and éisplacement of adsorked species from the catalyst surface.
The experimental system is also capable of providing physical character-—
ization (such as specific suxfzce area and vorosity) cf catalysts. Chances
in these physizal parasmeters as a recult of reaction can be an irpoxtant
factor in catalysis.

The infrared spectra of species adsorbed on solid surfaces can
provide infermation concerning the structurs and bonding involved in the
adsorption vrocess. Obviously, the spectra of the gas phase of a2 hetero-
geneous reaction could also be monitored to provicde cata on, e.g., Dro-
duct districution. It is conceptually possible to identify reaction
intermediates by ortaining the spectra of trapped (in a low temserature
inert matrix such as solid argon) species -that are “hermally desorbed
from a catalyst surface.

Catalvtic research such as this can provide basic- information
related to the complex reactions involved in ccal licuefaction. an
obvious examole is the water-gas shift reaction used to provide
hvdrogen for nearly all proposed coal liguefaction processes.
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6.1

6.2

6.3

6.4

6. MATERIALS RESEARCH FOR COAL CONVERSION PROCESSES

Solid Particle Erosion of Metals 2nd Ceramics g MY - 2 $120,000

There have been few basic studies cn the mechanisms of ercsive vwear
and resistance to it. Ve r»ropose to study this nrocess in single and
polycrystalline specimens of both cductile and brittle materials. Zffects
of crystal orientation, duplex structures (hard brittle surfaces on
ductile substrates), and enviroamecntal effects will be examined. The
combination of corrosion and erosicn will receive special attention.

Behavicr of Metals and Ceramics in Cozl Treatment
Systems £ MY 2 $120,000

Many high temperature alloys are particularly susceotible to attack
by sulfur compounds. The resistance of ceramic liners or coatings is
less well-characterized. We will examine the mechanisms of attack of
the comrtonents of nixed gases and licuids involved in coal convers: :n
schemes individually and collectively on both metals and suitable hLigh
temperature liners on coatings.

Hydrogen Erbrittlerent g MY - 2 $129,000

In spite .f nuch research, the Zundamental mechanism of hydrogen
embrittlement of high temperature alloys is not well understood. A
study of the interrelationshizs of structure, rermeation, diffusion,

trapping, and embrittlement is proposed. Tyvpical high tedderature
.alloys and hvdrogen will be studied first. Later hvdrocarbon gases

and licuids in contact with metals will be studied. Finaily, the
effects of such products on a variety of ceranic liners and metal
coatings will be defined.

Falilure Mechanisms in Reaction Vessels MY - 2 $120,000

This study is a logical adjunct to the heavy section steei technology
{HSST) oprogram being coaducted by ORNL for the Division of Reactor Safet)
and Resecrch. Technigues developed by that pregram will be apolied to

study failure modes in reaction vessels at high temperatures in corrosive
environments. )




6.5

Mass Transoort in Ceramics . # MY - 2 $120,090

The insulating qualities and mechanical integrity of ionic materials
often depend on the stability of the ceramic in a temperature gradient.
The first studies in this area are an extension of oux investigations of
mass transcort in nuclear fuels in temperature gradients. Next the added
complicatien of the environment will be studied.

Deformation and Fracture of Ceramics # MY - 2 £120,000

The success of most coal conversion processes depend heavily on the
behavior ot ceramics as insulators and barriers to corrosive attack.
Such materizls are exposed to loads over long pexiods of time at elevated
temperature and are subject to sudden temperature changes. Our studies
in the creep deformation, ductility, fracture, and thermal shock resist-
ance of nuclear fuels can be expanded to include ceramics of specific
interest for ccal conversion agplications. The eguipment and techniques
have already been develcped. Transmission electron microscopy, Auger
spectroscony, and x-ray diffraction will be used with thermodynamic
analyses and property determinations. ’
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