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DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the 
United States Government. Neither the United States Government nor any agency 
thereof, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal liability or responsibility for the accuracy, completeness, or use- 
fulness of any information, apparatus, product, or process disclosed, or represents 
that its use would not infringe privately owned rights. Reference herein to any spe- 
cific commercial product, process, or service by trade name, trademark, manufac- 
turer, or otherwise does not necessarily constitute or imply its endorsement, Tecom- 
mendation, or favoring by the United States Government or any agency thereof. 
The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof. 
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Executive Summary 

This quarterly report covers activities during the period fiom April 1, 1996 through June 
30, 1996. The first year of the project ended in February, 1996; however, the WVU research 
effort has continued on a no-cost extension of the original contract. Samples have been supplied 
to CPC participants so they could conduct their portions of the project as contracted through 
O W .  

1.0 Proiect Plannin? and Administration 

The purpose of Task 1.0 is to prepare and submit to the DOE, a Project Management plan 
for the WVU portion of the Carbon Products Consortium (CPC) workplan. This Management 
Plan was submitted to PETC on July 2, 1995. It has been accepted by the COTR and by the 
contracts management staff. Task 1.0 is complete. 

2.0 I F  in 

The purpose of Task 2.0 is to establish a Participants Agreement (PA) and a Proprietary 
Information Agreement (PIA) for members of the CPC, to facilitate communications between 
CPC participants and the COTR, and to help secure, maintain and manage CPC fbnds obtained 
under this contract. 

The PA and the PIA were finalized on September 1, 1995. It was necessary to revise the 
PA to define the category of Afiiliated Participant for an organization which does not sign the PA 
or the PIA, but is involved with the work of the CPC. A copy of the revised PA was included 
with Monthly Status Report No. 8, September 1, 1995 - September 30, 1995. 

All monthly status and quarterly technical reports have been submitted as required by the 
contract. In addition to the required reports, regular communications with the COTR have been 
maintained. 

Extensive efforts have been made to maintain finding through Fossil Energy, as well as, to 
broaden the base of finding for the work of the CPC. Programs are under development with the 
Office of Heavy Vehicle Technologies, the Office of Industrial Technologies (letter of June 20, 
1996 to Charles Sorrel1 is attached), as well as, with the Navy Surface Warfare Center. 

A copy of the final report which UCAR Carbon submitted to ORNL is included as an 
attachment to this report. 

3.0 Coal Extraction 

Under Task 3.0  and subtasks, W W  will provide a variety of types and sizes of samples of 
coal extracts to the industrial and national laboratory participants. In addition, green and calcined 
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cokes will be developed. A summary of technical developments and other activities follow: 

Koppers requested more coal-derived pitch for testing as a binder. WVU produced and 
delivered 500 grams of coal extract from West Virginia coal WVGS 13423. It is anticipated that 
Koppers will use the pitch in an anode test specimen. 

ALCOA is continuing to qualifi coal-based samples provided by WVU. Data has been 
received fiom Alcoa which summarize the latest findings of Alcoa on the WVU pitch materials. 
Indications are that the coke from the coal-derived pitch is quite suitable for use in aluminum 
production anodes. 

A subcontract to W W  on AMOCO’s Navy project was completed during the reporting 
period. Discussions on Amoco’s pitch specifications for high-thermal conductivity fibers have 
started. Laboratory equipment is being assembled and made ready for operation. 

FMI used the toluene-soluble pitch fiaction from hydrogenated coal as an impregnation 
pitch for a 3-D carbon fiber preform. Another preform was impregnated with commercially 
available impregnation pitch. The two samples will be tested and compared after curing. 

WVU has developed reactor systems to produce larger samples of carbon foams and is 
currently in fiill production of small test specimens. Evaluation of these specimens is being 
carried out at the NASA Langley Research Center. The coal-based carbon foam technology was 
developed concurrently with the CPC program. 

The CPC group met with Vic Suski of the American Trucking Association (ATA) to 
discuss applications of carbon materials to heavy transportation vehicles. A prospectus has been 
prepared and submitted to ATA for use in establishing contacts with the U.S. Department of 
Transportation. 

4.0 TechnicalDCconomic Evaluation o f  W W Extraction Process 

WVU provided all requested information to the MITRE Corporation for their economic 
analysis of the coal extraction process. A draft of the MITRE report was received in mid July, 
1995 and a revised version was received in September, 1995. 

The MITRE report suggests several process changes whose implementation on a larger 
scale could substantially reduce the cost of the coal extraction process. MITRE finds that coal 
extract based calcined coke for anodes could be produced for approximately $177 per ton. A 
February 1 article in the Financial Times reported that world aluminum production could be 
restricted by shortages of petroleum coke. The article said that coke prices have doubled the past 
year to between $240 and $250 a ton. This is because it is more profitable for refineries to make 
liquids than coke. MITRE also recommends research on the production of isotropic carbon fibers 
from coal extracts of unhydrogenated coal. Such fibers are in the $8 to $10 range and the market 
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is expected to double in the near fbture. 

5.0 Technolo? Transfer 

Irv Lewis, John Zondlo, and Carl Irwin attended the Fossil Energy Materials Conference 
in Knoxville, Tennessee on May 14 and 15, 1996. Lewis and Zondlo presented a paper entitled, 
"Preparation and Evaluation of Coal Extracts as Precursors for Carbon and Graphite Products," 
and Irwin did a poster presentation entitled, "Overview of the Carbon Products Consortium." 
(Copies of both papers were included with Monthly Report #16.) 

A confidentiality agreement between BASF, Koppers and WVU is being negotiated. The 
agreement will facilitate discussions on scaling up production of certain types of coal-based 
extracts for fbrther evaluation. BASF makes the solvent NMP which is used in the WVU coal 
extraction process. 

There have been several planning meetings for the workshop entitled, "Applications of 
Carbon Products for Efficient Operation of Heavy Trucks, Buses, and Other Commercial 
Vehicles." The DOE Ofice of Heavy Vehicles Technologies is sponsoring the workshop which is 
scheduled for September 4-5, 1996 in Chicago. A copy of the latest workshop agenda is 
attached. 

A letter (copy attached) has been sent to Jack L. White of the American Carbon Society 
proposing a workshop entitled, "Carbon Products and Critical Industries of the Future." 

ATTACHMENTS: 

1. Charles Sorrel1 Letter 
2. Final Report from UCAR to ORNL 
3 .  Most recent Workshop Agenda 
4. Jack White letter 
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ATTACHMENT 1 

CHARLES SORRELL LETTER 



Fax No: (202) 586-3180 

Dear Charles: 

June 20, 1996 

Since the May 21, 1996 meeting between representatives of 
the Carbon Products Consortium (CPC) and the Office of Industrial 
Technologies (OIT), I have been in touch with the CPC members 
concerning their views on future collaborations with the OIT. I 
can assure you we have a high level of interest in working with 
the OIT to develop a technology vision and research agenda to 
enhance and promote industrial uses of carbon products especially 
in the seven OIT designated industries of t h e  future. 

I think it is evident from the excellent presentations made 
on May 21 by the CPC industrial participants that there are 
compelling reasons for us to address issues such as feedstock 
quality and availability, loss of American technology to offshore 
interests, reducing c o s t s ,  and transfer of advanced technology 
from defense to commercial applications. 

The CPC has evolved partly in response to Section 1304 of 
the National Energy Policy Act of 1992. This section authorizes 
an R&D program on non-fuel uses of coal and, hopefully, will h a d  
to production of high-value advanced materials derived from coals 
which may no longer be in demand for power generation. 

As you know, we are currently organizing a workshop in 
cooperation with Jim Eberhardt and Sid Diamond of OTT to explore 
the applications of carbon products in heavy vehicle 
technologies. 
Yeax Program Plan to h e l p  prioritize topics and organize 
resources for cooperative R&D programs between industry, 
government, national. l a b s ,  and academia. 

The end result of this workshop will be a Multi- 



As you suggested, the CPC could undertake a series of 
workshops t o  develop vision statements and research agendas 
relative t o  the OIT's Industries of the Future Program. This 
approach would f i t  well with a primary goal of the CPC which is 
to promote interactions on selected topics among CPC 
participants, affiliates, and other interested colleagues. 

O n  a related topic, w e  have proposed to the executive board 
of the American Carbon Society (ACS) t h a t  a workshop on the role 
of carbon products in critical industries of the future be 
planned for May 1998. The ACS workshop could largely reflect 
vision statements and research agendas which we would develop 
with the OIT over the next two years. 

Thank you again for hosting our meeting on May 21 and for 
writing and circulating a report on the meethg to other OIT. 
personnel who were unable to attend. 
with the OST. 

We look forward to working 

S n er y ,  .n f 
L A  

Caulton L. Irwin 
(304)  293-7318 x 403 phone 
(304) 293-3749 fax 
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This report has been reproduced directly from the best available copy. 

Available to DOE and DOE contractors from the Office of Scientific and 
Technical Information, P.O. Box 62, Oak Ridge, TN 37831; prices available from 
(423) 576-8401. 

Available to the public from the National Technical Information Service, U.S. 
Department of Commerce, 5285 Port Royal Rd., Springfield, VA 22161. 

This report was prepared as an account of work sponsored by an agency of the 
United States Government. Neither the United States Government nor any 
agency thereof, nor any of their employees, makes any warranty, expressed or 
implied, or assumes any legal liability or responsibility for the accuracy, 
completeness, or usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately owned rights. 
Reference herein to any 'specific commercial product, process, or service by 
trade name, trademark, manufacturer, or otherwise, does not necessarily 
constitute or imply its endorsement, recommendation, or favoring by the United 
States Government or any agency thereof. Ttne views and opinions of authors 
expressed herein do not necessarily state or reflect those of the United States 
Government or any agency thereof. 
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I. SUMMARY 

Chemical and analytical characterization data were obtained for NMP extracts of 
hydrotreated coal prepared by the West Virginia University ( W W )  Group. Initial evaluation of 
small-scale samples produced by varying coal hydrotreating time, temperature, and catalyst type 
were used to define the conditions that would produce material suitable as binder, impregnant, 
C/C matrix pitches and precursors for needle coke, anode coke, and mesophase pitch fibers. In 
addition to analytical characterization, mesophase formation studies were used to assess the coal 
extract quality. 

Based on the small-scale testing, specific extracts derived from hydrotreating coal at 
450°C were recommended for scaleup. Evaluation of the 450OC - 2-hour hydrotreated coal 
extract showed that it should be suitable as an impregnant or binder pitch and as a precursor for 
needle coke and mesophase pitch. This material formed a large-domained mesophase, despite a 
high oxygen and nitrogen content. 

A small graphite artifact was produced using coke derived from the extract as the filler 
and the extract itself as the binder. The coefficient of thermal expansion (CTE) of 0.26 x 10d/Co, 
measured for the artifact is in the range found for electrode type graphite. 

Coal extraction residues were steam activated to produce active carbons with surface 
areas from 400-700 m2/gm. The program has demonstrated that the coal extraction process 
coupled with hydrotreatment, has the potential for providing a broad range of carbon and graphite 
products. 

II. INTRODUCTION 

The main goal of the overall program on "Coal-Based Precursors for Carbon Products" 
was to demonstrate the utility of coal extracts from the WVU extraction process as suitable base 
raw materials for the carbon products encompassed by the Carbon Products Consortium (CPC) 
team. These include binder and impregnating pitch, coke for graphite electrodes, cokes for 
anodes and specialty graphite, matrices for C/C composites and raw material for mesophase pitch 
fibers. Each of these products has unique requirements for properties of a suitable precursor. 
Our previous work on the Coal Precursor for Graphite Program(') has shown that the WVU coal 
extraction process coupled with hydrotreatment, does have the potential for achieving this 
objective. Our current effort, therefore, involved the screening and evaluation of extracts 
produced by the WVU Group and recommending appropriate materials for scaleup for 
subsequent evaluation by Consortium Team members. 

Our program involved an initial characterization of small-scale extracts using standard 
analytical methods and mesophase formation studies. This was followed by feedback to the WVU 
Group and to the CPC partners (Koppers, ALCOA, FMI, and APPI) with recommendation of 
material for scaleup. We also performed similar analytical and mesophase studies on some of the 
scaled-up extracts. 



I As part of our program, we investigated the activation of the coal extraction residues for 
the purpose of producing a useful active carbon. A further task, which was started towards the 
end of the program, was to fabricate a small graphite artifact using coke derived from coal extract 
as the filler and the coal extract itself as a binder. The results of our studies are summarized in the 
following sections of this report. 

IIL EXPERIMENTAL PROCEDURES 

A. Analytical Methods 

1. Elemental Analysis - Elemental C, H, N, and 0 data were measured using a 
LECO CHN 1000 Analyzer. Elemental sulfur was measured using a 
LECO SC-132 carbon analyzer. 

2. Thermogravimetric Analysis (TGA) - The data were obtained using TA 
Instruments 951 TGA module. Samples were heated at a rate of 
lO"C/minute in an inert atmosphere. 

3. Nuclear Magnetic Resonance (NMR) - The NMR spectra were measured 
for CS2 solutions using a Varian A-60 spectrometer. In order to increase 
solubility, the solutions were prepared by either refluxing with solvent or 
by ultrasonic mixing. 

4. Toluene and Trichlorobenzene (TCB) Solubility - The insoluble contents in 
toluene and TCB were determined using procedures in ASTM D-4072. 

5 .  Mettler Softening Point (SP) - The softening points were measured using a 
Mettler FP83HT SP apparatus following the standard procedures in 
ASTM D-3 104. 

6.  Modified Conradson Carbon (MCC) - The MCC data (carbon yields) were 
obtained using procedures in ASTM D-2146. ' 

7. Gel Permeation Chromatography (GPC) - Molecular weight determinations 
were obtained fiom GPC measurements using a Dupont 850 Liquid 
Chromatographic System coupled with a Knauer High Temperature 
Differential Refractometer. The column configuration and calibration have 
been described elsewhere'2'. The GPC data were obtained for the portion 
soluble in TCB solvent at 90°C. 



B. Mesophase Formation Studies 

1. Test-Tube Evaluations 

The small-scale extracts were evaluated initially for mesophase quality by 
heating 0.7-1.3 gm samples in pyrex test tubes for six hours at 400°C in an 
inert gas environment. The objective was to produce a 15-40% mesophase 
content in the heat-treated residue, with most of the mesophase 
concentrated at the bottom of the test tube. After heat treatment, the pyrex 
test tubes were dissolved in aqueous HF, and the residues were mounted 
and polished by standard metallographic procedures to show a midline 
vertical cross-section. Polarized light microscopy techniques were used to 
make a qualitative assessment of the amount and quality of the mesophase 
and the presence, if any, of insoluble solid contaminants in the extracts. 

2. Mesophase Domain Size 

Specimens for automated image analysis were prepared by heat treating the 
coal extracts in an inert atmosphere at 400°C in ceramic boats and then 
preparing "annealed" samples for the meso phase domain size measurements 
using procedures described el~ewhere'~'. 

3. Hot-Stage Microscopy 

Direct observations of the melting behavior, gas evolution characteristics, 
mesophase formation rate, and mesophase quality were made while heating 
the coal extracts up to 4OOOC at 6-10°C/min. and holding at 400°C for 
several hours. Details of the cover glass "sandwich" configuration used to 
contain the sample, the modified Kofler hot stage and the polarized light 
microscope have been reported previously(4'. 

A simple CCD video camera and color monitorNCR system were acquired 
late in the contract period to facilitate direct recording of the dynamic 
behavior of the coal extracts when they were heated on the hot-stage 
microscope. 

C. Steam Activations 

Activation experiments were carried out on powdered coal extraction residues 
using a specially designed tumbling furnace. The activations were performed by passing a mixture 
of steam and N2 over the sample maintained at a constant temperature of 900OC. The treatment 
was interrupted intermittently and the sample weighed to determine percent burn-off 



D. Graphite Fabrication 

Small 19mm-diameter graphite electrodes were fabricated using calcined t 

produced from hydrotreated coal extract as filler and the hydrotreated extract as the binder. r~ 

binder and filler were mixed and extruded using standard procedures. The formed rods were the 
baked and graphitized to 3,OOO"C. 

IV. EXPERTMENTAL RESULTS 

A. Small-Scale Coal Extracts 

1. Sample Preparations 

The WVU Group initially carried out a series of small-scale extractions on 
a hydrotreated bituminous coal, WVGS-1342 1. The coal was hydrotreated 
at three different temperatures 35dOC, 4OO0C, and 450°C for a period of 
1 hour in 800 psig Hz. An additional set of hydrotreatments was carried 
out at 450°C for 2 hours. For each temperature, the hydrotreatments were 
performed using tetralin as a hydrogen donor without a catalyst, and with 
the use of a Fez& catalyst or a sulfided Mo catalyst. The NMP extractions 
were performed on the hydrotreated products. 

Initial characterization data fiom the-WVU Group showed that the 
softening temperatures of the 350°C and 400°C extracts were much too 
high to make them usefbl for most of the proposed applications of the 
Team. We therefore agreed to fblly characterize only the 450°C-treated 
materials. 

Our characterization results for the extracts fiom the WVGS-13421 coal 
hydrotreated at 450°C for 1 and 2 hours follow. 

2. Analytical Characterization of 450°C - 1-Hour Samples 

The analytical characterization data for the 3 different materials prepared 
tiom hydrotreated coal at 450°C for 1 hour are presented in Table I. The 
Mettler softening points (measured at WVU) range fiom 156" to 190°C 
which are too high for use as conventional binder and impregnant pitches. 

I i 
i 

i 
! 

I 
I 



Table I 
Characterization Data for Extracts from Hvdrotreated Coal, WVGS-13421.450OC - 1 Hour 

C-269-2 C-279-1 C-288-2 
Thermal Fe2S3 Mo(S) 

SP"C 190 156 158 
%C 85.2 84.5 81.9 
%H 5.5 1 5.63 5.82 
C/H atomic ratio 1.30 1.26 1.18 
YON 3.08 2.89 3.73 
Yo0 4.73 4.60 6.07 
%S 0.49 0.57 0.43 
TGA Yd% 49 46 42 

-----e ------ %TI 28.9 
%&om. H. 38 .3 6 33 
GPC - M W  @in) 415 395 371 
%TCB Insoluble 40.6 26.0 19.7 
%NMP 0 0.1 5 

All the extracts show very high N and 0 contents. The Mo(S)-treated coal 
extract showed the highest N content as a result of retained NMP. The 
low C/H ratios are expected for the hydrotreated extracts. 

The proton Nh4R spectra obtained in CS2 solution are presented in 
Figures 1-3. The extracts were incompletely soluble in CS2. We were able 
to obtain essentially complete solution in pyridine D-5; however, the 
residual hydrogen or water in the solvent interfered with the analysis. The 
extracts all show extremely high aliphatic hydrogen contents resulting from 
the hydrogenation of aromatic rings. The NMR results are also 
summarized in Table I. For comparison, a spectrum for coal tar binder 
pitch exhibits about 85% aromatic hydrogen compared to the 33-38% 
range for the extracts. From the NMR data as well as the C/H ratios, it 
appears that the catalytically treated materials may have been slightly more 
hydrogenated. 

The TGA data for the 3 extracts are presented in Figures 4-6. The TGA 
carbon yields of 42-49% are quite acceptable for a pitch-type material. 
The low-temperature weight loss occurring from about 150-250°C is 
attributed to evolution of retained NMP solvent. This is particularly 
apparent in the TGA result for the Mo(S) product in Figure 6. 

The GPC curves for the three 450°C - 1-hr. samples are shown in 
Figures 7-9. They are all similar, except for a resolved doublet in the Fe& 



catalyzed material. They all show a broad symmetrical molecular weight 
distribution (MWD) with an apparent molecular weight range of about 
250-900. The negative peaks in the GPC spectra are attributed to retained 
NMP. An estimate of the amount of NMP present was made by integrating 
these peaks and the results are summarized in the last line of Table I. Also 
shown in Table I are the toluene insolubles (TI) content and the measured 
insolubles in TCB. 

3. Analytical Characterization of 450°C - 2-Hour Samples 

The analytical data for the small-scale extracts obtained from coal 
hydrotreated at 450°C for 2 hours are summarized in Table 11. The 
softening points are all considerably lower than those for the samples 
produced by hydrotreating for 450°C for 1 hour. Like the 450°C - 1-hour 
samples, the products in Table I1 exhibit very high N and 0 contents. The 
Hcontents, however, are higher, for the 2-hour samples reflecting the 
greater degree of hydrogenation. The 2-hour materials also showed a 
higher solubility in TCB than the 1-hour samples. 

Table II 
Characterization Data for Extracts from Hydrotreated Coal, 

WVGS-13421,450OC - 2 Hours 

I Thermal I Fe& I Mo(S) I 
SP"C 126 123 13 1 
%C 84.2 83.9 86.1 
%H 5.74 5.75 5.82 
C/H atomic ratio 1 1.23 I 1.23 I 1.27 I 
%N 1 3.65 I 3.60 I 3.22 1 
Yo0 5.53 5.66 4.6 1 

TGA Yd% 40 41 42 
%S 0.35 0.42 a 4  1 

%kom. H 40 40 43 
GPC - Mn 42 1 426 416 
%TCB Insoluble 1 21.9- 1- 22.3 1 18.1 I 
YONMP 2 I 2 I 1 1 

The proton NMR data for the extracts in Figures 10-12 show a lower 
content of long chain aliphatic protons than for the I-hour treated samples, 
indicative of more selective hydrogenation of aromatic rings. The TGA 
results in Figures 13-15 demonstrate a reduced carbon yield for the 
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450°C - 2-hour materials as compared to the 1-hour samples. The 
presence of retained NMP is evident from the weight loss occurring below 
300°C. The GPC curves for the 450°C - 2-hour samples in Figures 16-18 
exhibit somewhat broader MwD's when compared to the 1-hour extracts, 
which could account for the lower softening points. The amounts of NMP 
solvent present in the extracts, as measured from integrating the negative 
GPC peaks, are also summarized in Table 11. From the measured 
properties, there appears to be no advantage for the use of a catalyst during 
the hydrotreatment. 

Mesophase Formation Studies of 450°C - 1-Hour and 2-Hour Samples 

Hot-stage microscopy examinations were carried out on all three of the 
small-scale 45OOC - 1-hour samples. The primary results from the heat-up 
and hold period at 400°C are summarized in Table 111. The initial softening 
temperatures fiom visual observations on the hot-stage were reasonably 
consistent with the Mettler S.  P. results in Table I. The most unusual 
feature of the hot-stage microscopy observations was the onset of vigorous 
bubbling, presumably gas evolution, at temperatures in the 250" to 275°C 
range. Conventional coal tar and petroleum pitches do not show this 
vigorous bubbling behavior below 300°C. Evolution of residual NMP 
(202OC Boiling Point) could be responsible for a portion of the 
low-temperature gas evolution fiom the extracts, but certainly not all of it, 
because the vigorous gas evolution continued throughout the 30O0-4OO0C 
range. Dehydrogenation and/or decomposition reactions are suspected to 
be the origin of the gas evolution in these initial 450°C - 1-hour extracts, 
but an attempt to confirm evolution of Hz, HzO, or other low h4W gases in 
this temperature range was not ~uccess~l '~ ' .  

Mesophase spheres were detected at the edge of the cover glass sandwich 
in all three 450°C - 1-hour samples after -20 min. at 400"C, indicating that 
all of them had comparable mesophase formation rates. The mesophase 
viscosity appeared to be reasonably low, based on bubble deformation 
behavior, and was essentially equivalent in the 3 samples. The overall 
mesophase quality was estimated to be borderline for a needle coke 
precursor. 

All of the samples contained a small amount of finely divided solids, but 
none had a concentration judged high enough to have a significant effect on 
coke quality or performance as an impregnant. However, these finely 
divided solids would be expected to degrade the performance of these 
extracts as a mesophase pitch fiber precursor. 
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All of the 450°C - 1-hour and 450°C - 2-hour samples were evaluated b- 
the test-tube method. Measured yields after heat treatment at 400°C for 
six hours were in the 72 to 85% range. However, all of these samples 
foamed extensively during the heat treatment, so some material may have 
been lost. The extensive foaming during the test-tube heat treatments of 
the 450°C - 1-hour samples is consistent with the vigorous 
low-temperature bubbling behavior noted during the hot-stage microscopy 
observations. The 450°C - 2-hour samples foamed as much as the 450°C - 
I-hour samples in the test-tube heat treatments, so the additional reaction 
time at 450°C did not seem to have any significant effect on this 
characteristic of the small-scale extracts. 

Examination of the domain size in the coalesced mesophase layer, which 
collects at the bottom of the test tube for 'conventional coal tar and 
petroleum pitches, can be used as an indicator of overall mesophase 
quality. Unfortunately, gas evolution from all of the small-scale extracts 
was so copious and disruptive that no well-defined coalesced mesophase 
formed at the bottom of the test tube. The actual appearance of all of the 
residues from test-tube heat treatments of the extracts is shown 
schematically in Figure 19. Because of the effects of gas evolution, we 
were not able to obtain a definitive evaluation of the uniformity and quality 
of the mesophase formed in the small-scale extract by the test-tube method. 
However, based on appearance, the overall mesophase quality was judged 
to be borderline for a needle coke precursor. The true mesophase quality 
may have been somewhat better, but the effects from the gas evolution 
precluded obtaining a definitive answer. 

Finely divided solids were detected around the perimeter of most of the 
coalesced mesophase regions and many of the larger mesophase spheres in 
all of the test-tube residues. These solids provided a local, short-range 
decrease in the mesophase domain size, but the effect on the overall quality 
was minor. i 
Qualitative SEM/EDX analyses were carried out on the finely divided 
solids in the C-296-2 (Thermal, 450°C - 1-hour) extract. Most appeared to 
be carbonaceous, some contained high Si, AI, 0 levels (Si02+Ah03?), and 
some contained high Cu, Fe, S, and 0 levels (possibly a mixed copper and 
iron sulfate). The WVU Group suggested that the high Cu content in the 
last type of solid may have originated via attack of a copper gasket by the 
hot reactant mixture in the small-scale apparatus. 
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Table Ill 
Summary o Hot-Stage Iicroscopy Observat-ms on 4 0  C - l-Hour Samples 

I E S 

C269-2 
Thermal 198 255-275 21 min. 
C279-1 
CF-1, Fe& 155 250 16 
C288-2 
CF-2, Mo( S) I 125 I 235 I -  24 1 

B. Large-Scale Extracts from Hydrogenated Coal 

1. Sample Preparation 

Following our evaluation of the small-scale extracts, we recommended that 
the 450°C hydrotreated coal materials be scaled up for evaluation by the 
Team. The extracts produced without the use of any catalyst appeared 
suitable for testing as a binder and impregnating pitch and as a precursor 
for needle coke and mesophase pitch for fibers. 

Scaleup of the hydrotreated coal extracts was performed at WVU by 
hydrotreating 600 grams of powdered coal in l-gallon batch reactors. 
They investigated 2 different coals using hydrotreatment times of 
1 and 2 hours at 450°C. A description of the 4 materials produced 
(A066, A076, A075, and A073) and the properties measured at WVU are 
summarized in Table IV. The materials were also vacuum dried for an 
extended time in order to remove all of the retained NMP. We received 
about 200 gms of each material for fbrther characterization. 



Table IV 
Large-Scale, Hydrotreated Coal Extracts 

SP, "C 155.8 101.7 129.3 112.5 
Density, p/cc 1.264 1.227 1.220 1.223 
TI, Wt % 22.3 12.1 19.8 20.9 
Coke Yield. Wt % 62.4 54.0 54.7 52.6 

2. Analytical Data for Larpe-Scale 450°C Hydrotreated Coal Extracts 

The data and properties obtained for the four large-scale coal extracts are 
summarized in Table V. We hlly characterized the more extensively 
hydrotreated (2-hour) samples because these had the lowest softening 
points, making them more suitable for use as binder or impregnating pitch. 
In general, these larger scale products were superior in behavior to the 
small-scale samples discussed previously. One major characteristic was the 
essentially complete absence of any retained NMP. The N and 0 contents 
were therefore substantially reduced, but they were still much higher than 
those found in conventional coal tar pitches. The C/H ratios are similar to 
those in the comparably treated small-scale extracts. 

Only the 2-hour products had softening points in the range of those for 
conventional carbon binder and impregnant pitches. The carbon yields of 
52% for these materials are similar to those for commercial solids-fi-ee 
pitches of comparable softening point. 



Table V 
ProDerties of Lame-Scale WVU Coal Extracts 

N, % 2.20 ------ 1.90 ------ 
0, Yo 2.74 2.27 2.49 3.33 
s, Yo 0.45 ---e-- 0.33 -----e 

ArH% 45 44 48 39 
Mn (GPC) 3 67 417 3 89 388 
Mesophase (p) 272 166 136 78 

3. 

The proton NMR spectra for the four materials in Table V are presented in 
Figures 20-23. All the extracts show substantial contents of hydrogenated 
ring systems. The decrease in the long chain aliphatic hydrogen peak at 
about 1.3 ppm, with extended hydrogenation, is particularly noticeable for 
the WVGS-13423 coal. The TGA curves for these large-scale extracts are 
shown in Figures 24-27. It is evident that the improved sample-drying 
procedure has removed any retained NMP. As expected, the total TGA 
weight losses increase for the more severely hydrotreated samples. The 
GPC curves for the four materials shown in Figures 28-31 do not exhibit 
any negative peaks due to NMP. The more severely hydrotreated coals 
show a broader molecular weight distribution (MWD) and the presence of 
an unresolved component at 280 a.m.u. when compared to the 1-hour 
samples. 

Characterization of Extract Distillation Residues 

We also received 3 distillation residues prepared by vacuum stripping of 
Sample A073 at temperatures of 250°C, 350"C, and 400°C. The materials 
are described in Table VI. The samples were prepared to determine 
whether we could detect any chemical changes resulting fiom heat treating 
at these temperatures. 



Table VI 
Vacuum Distillation Residues from SamDle A073 (WVGS 13423 - 45OOC - 2 Hours) 

SAMPLE I DISTILLATION TEMP., OC 1 YIELD, Yo 
I D035-1 I 250 I 76 I 

DO3 5-2 350 70 
D035-3 400 68 . 

We obtained NMR and TGA data for these residues and the results are 
summarized in Table VII. The NMR results show an increasing 
aromaticity with increasing depth of distillation. It is not possible to 
determine whether this effect is due to removal of volatile hydrogenated 
components during distillation or to low-temperature cracking reactions. 
The NMR data for the distillation residues are presented in Figures 32-34 
while the TGA data are shown in Figures 35-37. 

Table VI1 
Characterization of Hydrotreated Coal Extract Distillation Residues 

1 SAMPLE I YO AROM H I YO LONG CHAM" 1 TGA Yd. Yo 1 
D035- 1 52 21 43 
DO3 5-2 55 22 58 
D035-3 60 15 57 

* YO of aliphatic H that is long chain 

4. Mesophase Evaluations of Large-Scale Extracts 

Hot-stage microscopy examinations were cariied out on both of the 
450°C - 2-hour extracts in the same run. The A073 extract began to soften 
visibly at 94"C, and the A076 extract had slumped noticeably by 104OC 
while they were being heated at 6"C/min. to 400°C. The low initial visible 
softening temperatures on the hot-stage are consistent with the low Mettler 
S. P.'s given in Tables IV and V for these two extracts. 

Both of these large-scale extracts evolved much less gas between 
25O"C-35O0C as compared to the levels seen with all of the small-scale 
extracts. They behaved much more like conventional petroleum and coal 
tar pitches in their low-temperature gas evolution characteristic9 
Apparently, the combined effects of more stringent drying conditions ' 

remove residual NMP and the somewhat more severe reaction conditi, 



employed by the W W  Group for the large-scale extracts had nearly 
eliminated the severe gas evolution problem detected with the small-scale 
extracts. 

Small amounts of mesophase spheres were detected at the edges of the 
cover glass sandwiches in both A073 and A076 extracts after -25 min. at 
400"C, indicating that they had comparable initial mesophase formation 
rates. These onset times are only marginally longer than those noted for 
the 450°C - 1-hour, small-scale samples. 

A hot-stage microscopy run carried out with both of the 450°C - 
1 -hour samples showed an initial softening temperature of 1 14°C for 
A066 extract and 146°C for A075 extract. These results are reasonably 
consistent with the Mettler S.  P. data in Tables IV and V. 

The A066 and A075 extracts also evolved much less gas in the 25Oo-35O0C 
range than the small-scale extracts. Clearly, the beneficial effects fiom the 
more stringent drying conditions and the somewhat different reaction 
conditions employed by the WVU Group were realized after only 1 hour at 
a nominal reaction temperature of 450°C. 

Small amounts of mesophase were detected at the perimeter of the cover 
glass sandwiches for both A066 and A075 extracts after 21-22 min. at 
400°C on the hot-stage microscope. Hence, the mesophase formation rates 
of these large-scale 450°C - 1 -hour samples were comparable to each other 
and to those for both the 450°C - 1 hour large-scale and small-scale 
extracts. Both of the 450°C - 1-hour samples appeared to generate slightly 
more true pyrolysis gas during the hold period at 400°C than the 450°C - 
2-hour samples. =This is an indication that the 450°C - 1-hour samples had 
a slightly higher initial rate for cracking reactions. 

All of the large-scale extracts were heat treated in boats at 400°C to 
produce approximately 50% mesophase and then subjected to the 
"annealing" process for measurement of mesophase domain size. Polarized 
light (crossed polars) micrographs taken at 50X and 250X magnification of 
the derived mesophase are shown in Figures 38-4 1. It is apparent that the 
more extensively hydrotreated extracts give larger domain size mesophase 
than the less-treated 1-hour samples. It is also evident that the mesophase 
derived fiom the WVGS-13421 coal extract has a larger domain size than 
that from WVGS-13423 coal for the same hydrotreatment seventy. The 
A076 extract from WVGS coal 13421 hydrotreated 2 hours at 450°C gave 
the largest mesophase domain size of any of the large-scale extracts. 
Mesophase domain sizes were obtained by image analysis and are reported 
in Table V. It is apparent that the domain sizes of the extracts from the 



C. 

WVGS- 13423 coal are significantly smaller than the corresponding extract 
from the WVGS-13421 coal. The measured domain size of 272pm for the 
A076 extract is in the range found for excellent needle coke precursors. 

The presence of solid particles in the coalesced mesophase and at the 
mesophaselisotropic phase boundary was noted to some extent in the 
annealed samples fiom all of the large-scale extracts. The WVGS-23421 
extracts had more of this finely divided material than those derived fiom 
WVGS-13423. Figure 42 shows an area where the solids have collected or 
segregated in a small region near the edge of the coalesced mesophase 
from the A076 extract sample from WVGS- 1342 1. SEM/EDX analyses of 
the particles in this cluster showed that several different materials were 
present. Carbonaceous particles with very high C and modest S levels 
were numerous, presumably coke-like material fiom the original coal which 
had not reacted during hydrotreatment. Particles with high Si, Al, and 0 
contents were also prevalent, presumably very small ash particles fiom the 
original coal which had not been removed completely during the filtration 
step after hydrotreatment and NMP extraction. There was also a 
significant number of particles with high Fe, Cr, S, and possibly 0 contents, 
presumably iron and chromium sulfates. A few particles with high Ti and 
0 contents (TiOz?) or high Cu, K, and small 0 contents (calcium and 
potassium sulfides or sulfates?) were also detected. As expected, most of 
these finely divided solids originate in the coal. Presumably, their removal 
would be more complete in larger scale equipment. 

Additional Extract Samples 

Small quantities of three additional extract materials were received from the WVU 
Group toward the end of the contract period, Two of the samples were the toluene soluble (TS) 
portions fiom hydrotreated coal extracts. D065-2 was the TS portion from a 45OoC-- 1-hour 
hydrotreatment of the WVGS-13423 coal, and DO54 was TS from a 450°C - 2-hour 
hydrotreatment of WVGS-13421 coal. Both of these extracts melted in the 9Oo-10O"C range on 
the hot-stage microscope and had low yields after heating to 400°C at 6"C/min. Both were also 
very refractory during the hold period at 400°C and required 1.5-2.0 hours to produce detectable 
mesophase spheres. An attempt to evaluate their mesophase domain size was unsuccesshl 
because these TS materials were so unreactive under the normal heat treatment conditions and 
had low yields. The low softening point behavior and low yield upon heat treatment are 
consistent with the low M W  range encompassed by toluene soluble material. 

A third extract (A122) was prepared at W W  by carrying out a 450°C - 1-hour 
hydrotreatment on the toluene insoluble (TI) fraction from a large-scale NA4P extract from an 
initial 450°C - 2-hour hydrotreatment of WVGS- 13423 coal. This double-hydrotreated material 
had an initial softening temperature of 188°C and formed mesophase spheres quite rapidly at 
40OoC, probably due to distillation of volatiles. Additional mesophase formed at a normal rate for 



thermal processing of good feedstocks at 400°C. The mesophase quality appeared excellent on 
the hot stage. A standard mesophase evaluation showed that A122 had a domain size of 
approximately 200pm by visual observation on the annealed sample. Quantitative image analysis 
was not reliable on this sample because the mesophase in the annealed specimen had so many 
cracks. The oxygen content of the double-hydrotreated A122 material was still 1.88%, indicating 
that the 0 heteroatom structures in these coal extracts are very resistant to removal by 
hydrogenation. Even with this high oxygen content, the A122 extract still formed a high-quality 
mesophase. 

D. Activation of Coal Extraction Residues 

The economics of the coal extraction process would be improved if the extraction 
residues also had some value. For this purpose, we attempted to activate these materials to 
produce a high surface &ea carbon. We obtained samples of the NMP extraction residue of raw 
coal WVGS-13421, as well as the extraction residue of a coal hydrotreated at 450°C for 2 hours 
(A-67). 

Both materials were activated in a H20/N2 mixture at 9OOOC using a tumbling 
furnace. The hydrotreated (A-67) residue was very refractory and after about 81 hours of 
treatment gave a 64% burn-off. The raw coal residue was much more reactive and gave about 
85% burn-off after 48 hours. 

The surface areas and pore characteristics were determined for both materials at 
the Oak Ridge Laboratory by T. Burchell and E. L. Fuller. The measured surface area for the 
activated residue from the untreated coal was 770 m2/gm while that for the hydrotreated coal was 
212 m2/gm. The lower surface area and refractory nature of the hydrotreated residue is expected 
since it would have a greater ash content than the residue from the untreated coal. Since 
hydrotreatment increases the extraction yield, it would also lead to a higher ash content in the 
insoluble residue. 

In a subsequent study, we obtained a second sample of the extraction residue from 
untreated coal and attempted to produce active carbons using different amounts of burn-off. We 
prepared 3 materials with active carbon yields of 50, 65, and 68%. These samples were also 
submitted to T. Burchell for surface area measurement. The results are summarized in Table Vm 
along with our measured ash analysis for these activated carbons. The results show that surface 
area does increase with increasing burn-off. However, more detailed studies would be needed to 
determine the optimum activation that can be achieved for these residues. 



Table MII 
Active Carbons from Coal Extraction Residue (Activated at 900°C, H20) 

I SAMPLE I ACTNE CARBON Yd. % I SURFACE AREA m2&n I %ASH 1 
65-1 50 464 4.6 
65-3 65 410 4.3 
65-2 68 332 4.2 

E. Fabrication of Graphite Artifacts fiom Hydrotreated Coal Extracts 

We produced a graphite artifact using coal extract-derived coke as the filler and the coal 
extract itself as the binder. The coal extract coke was produced from WVGS-13421 coal 
hydrotreated for 45OOC for 2 hours. The raw coke was prepared at WVU and then calcined to 
1,lOO"C by T. Burchell at the Oak Ridge Laboratory. The same coal NMP extract was used as 
the binder for graphite fabrication. The extract @-085) had a 113°C Mettler softening point and 
a 52.6% MCC value. After milling, the calcined coke was mixed with 1/3 by weight of the coal 
extract binder and then extruded to produce 19mm-diameter rods. The rods were baked and 
graphitized to 3,OOOOC. The properties measured for the graphitized rods were the following: 

Coefficient of Thermal Expansion (CTE) = 0.26 x 1O46PC 
Specific Resistance = 9.55 micro-ohm-meters 
Density = 1.376 g/cc -. 

The very low CTE value of 0.26 is similar to that measured for electrode graphite derived 
from petroleum needle coke. The relatively low density for the fabricated artifact could be due to 
an inappropriate binder level or to a puffing effect from the nitrogen in the coke. 

V. DISCUSSION 

Our screening evaluation studies have demonstrated that the coal extraction process has 
the potential for producing acceptable products for all the applications anticipated for the 
program. However, hydrotreatment is necessary to produce materials that are suitable for use as 
pitches, coke precursors, or mesophase raw materials. 

The extract fiom the hydrotreated coal WVGS-13421, 450° - 2 hours appears to be 
acceptable as either a carbon binder or impregnation pitch. Summarized in Table IX is a 
comparison of the properties for the A076 extract with those for commercial coal tar binder and 
petroleum impregnant pitches. The carbon yield (MCC) for the extract is quite high for a 
solids-fiee pitch with a softening point of 105°C. Some of the analytical characteristics of the 
extract are quite unusual in comparison to those for the commercial pitches. The low aromatic 



hydrogen content reflects the effects of hydrotreatment of the precursor coal. The high N and 0 
contents are also unusual for a binder or impregnant pitch material. 

Our mesophase evaluation studies show that a material, such as the NMP extract of the 
WVGS-13421 coal hydrotreated for 45OoC for 2 hours, is capable of forming a very large domain 
mesophase. This extract could therefore be used to produce a mesophase pitch which may be 
acceptable for fibers. The mesophase quality is comparable to that for precursors of needle coke. 
The high nitrogen content would be a drawback for processing of such a coke. The excellent 
mesophase development for a pitch such as the A076 extract is surprising because of its very high 
oxygen content. A high oxygen content in coal conversion materials has been previously 
associated with a high reactivity and a poor mesophase quality. Obviously, the form of oxygen in 
these hydrotreated coal extracts is different tiom that in typical coal conversion products and does 
not lead to a fast coking reactivity. 

Our results have shown that a hydrotreated coal extract such as the A076 can be used 
directly as a binder pitch without any subsequent processing. The direct production of pitches by 
the extraction process could have advantages over the current commercial coal tar binder pitch 
processes which involve the distillation of coal tar. The need for coke oven processing for tar 
generation and the handling of by-products fiom tar distillation would be avoided. It is likely that 
pitches with different properties could be obtained by controlling the hydrotreatment and 
extraction conditions. 

We have demonstrated that coke derived from hydrotreated coal extract can be used to 
produce graphite with a low coefficient of thermal expansion, a requisite for graphite electrodes. 
By altering the processing conditions and the use of blends, it would be possible to produce 
graphites with varying degrees of anistropy. We had shown previously that isotropic graphite can 
be produced fiom the coal extract(”. No other process has the flexibility for producing this range 
of carbon materials. The high nitrogen contents of the extracts could, however, be a drawback 
for the use of these materials for some graphite products. 

Finally, the extraction residue can be activated to produce an activated carbon. The best 
procedure for achieving an optimum active carbon still needs to be defined. However, the use of 
the residue for a commercial applications would definitely improve total process economics. 
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Table XI 
ProDerties of Coal Extract and Commercial Pitches 

I Mol Wt. I 370 500 1 
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Figure 7: Gel Permeation Chromatography (GPC) Curve for C-269-2, - Bydrotreated Coal 45OOC - 1 Hour, No Catalyst . 
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Figure 8: Gel Permeation Chromatography (GPC) Curve for C-279-1, 
Hydrotreated Coal 45OOC - 1 Hour, Fe2S3 Catalyst 
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Figure 10: Proton NMR in CS2 for C-300-3, Hydrotreated.Coa1 
45OOC - 2 Hours, No Catalyst 





Figure 12: Proton NMR in CS2 for C-300-9, Hydrotreated Coal 
450'C - 2 Hours, Mo(S) Catalyst 
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Figure 14: TGA Curve for C-300-6, Hydrotreated Coal 
45OoC - 2 Hours, Fe2S3 Catalyst 
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Figure 15: TGA Curve for C-300-9, Hydrotreated Coal 
4SOOC - 2 Hours, Mo(S) Catalyst 
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Figure 17: G e l  Permeation Chromatography Curve for C-300-6, 
Hydrotreated Coal 450OC - 2 Hours, Fe2S3 Catalyst 
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Figure  18: G e l  Permeation Chromatography Curve for C-300-9, 
Hydrotreated Coal 450OC - 2 Hours, %(SI Catalyst 
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.Figure 19 



Figure 20: Proton NMR Spectrum f6r A076 from Hydrotreated Coal 
WVGS-13421 - 4 5 O o C ,  2 Hours 
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Figure 21: Proton NMR Spectrum for A 0 6 6  from Hydratreated Coal 
WVGS-13421 - 450°C, 1 Hour 
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Figure 22: Proton NMR Spectrum fo r  A073 from Hydtotrea 
WGS-13423 - 4 5 0 ° C ,  2 Hours 
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Figure 23: Proton NMR Spectrum f o r  A075 f r o m  Hydrotreated Coal 
WVGS-13423 - 45OoC,  1 Hour 
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Figure 25: TGA Curve for A066 from Hydrotreated Coal 
WVGS-13421 - 450°C, 1 Hour 
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Size: 19.3970 mg 
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Figure 27: TGA Curve for A075 from Hydrotreated C o a l  
WVGS-13423 - 45OoC, 1 Hour 
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Figure 28: Gel Permeation Chromatogram for A076 from Hydrotreated Coal 
WGS-'13421 - 45OoC, 2 Hours 
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Figure 29: &?,Permeation Chromatogram for A066 from Hydrotreated Coal 
WVGS-13421 - 45OoC, 1 Hour 
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Figure 30: G e l  Permeation Chromatogram for A073 from Hydrotreated Coal 
WVGS-13423 - 450*C, 2 Hours 
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Figure 32: Proton NMR Spectrum for 25OOC Dfstillation Residue D035-1 



Figure 33: Proton NMR Spectrum for 350'C Distillation Residue DO35-2 
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Figure 34:  Proton NMR Spectrum.for 4OOOC Distillation Residue DO35-3 
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Figure 35: TGA Curve for 25OOC D i s t i l l a t i o n  Residue D035-1 
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Figure 35 

Annealed Mesophase Pitch from Sample A076 

450°C - 2 Hr., Coal \WGS 13421 
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Figure 39 

Annealed Mesophase Pitch from Sample A066 

450OC - 1 Hr., Coal WVGS 13421 
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Annealed Mesophase Pitch from Sample A075 
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VIRGINIA POLYTECHNIC INSTITUTE & 
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Department of Materials Engineering 
Blackburg, VA 24601 
W. A. Curtin 
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ATTACHMENT 3 

MOST RECENT WORKSHOP AGENDA 



WORKSHOP ON 

APPLICATIONS OF CARBON PRODUCTS FOR EFFICIENT OPERATION 
OF HEAVY TRUCKS, BUSES, AND OTHER COMMERCIAL VEHICLES 

The workshop will result in a Multi-Year Program Plan (MYPP) for the U.S. DOE Office of Heavy 
Vehicle Technologies on long-term research, exploratory development, and implementation of carbon 
products for heavy vehicle applications. 

TENTATIVE AGENDA 

* Designates panel or session moderator. 

Wednesday, September 4,1996 

7:30 

- 8:oo 
8:lO 

8:30 

9:15 

10:45 

11:oo 

12:30 

Continental breakfast 

General introduction to the workshop 

Tom Gross, Deputy Assistant Secretary, U.S. DOE Office of Transportation Technologies: A Vision 
for Transportation Technologies. 

Jim Eberhardt, Director, US. DOE Office of Heavy Vehicle Technologies: Development and 
Funding Outlook for R&D Programs on Heavy Vehicle Technologies. 

Pane1 One: Needs, priorities and bottom line values for trucks, buses and other heavy vehicles: 
Industry vision and challenges of the future. Goals for the workshop. 

John kinonen, Failure Analysis Associates, Inc. 
Bill Peerenboom, American Trucking Association 
Norm Littler, American Bus Association 
Louis Kleinstiver, National Truck Equipment Association (invited) 
Mark Wilkins, Motor Coach Industries 

Break 

Panel Two: Background on carbon products and composite materials. Experience with carbon 
composites from defense, aerospace, automobile, and heavy vehicle industries. Examples of 
new products and processes. 

* Dick Ziegler, Advanced Automotive Technologies, ORNL 
Alan Taub, Ford Research Lab & Automotive Composites Consortium 
Carol Schutte, NIST Advanced Technology Program 
A& Arieli, Northrop/Advanced Technology Transit Bus 
Bob Frankle, Failure Analysis Associates, Inc. 

Lunch 
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1:15 Panel Three: On-going truck and bus research, tests, and demonstrations relative to use of 
carbon products and composite materials for meeting heavy vehicle challenges of the future. 
Where is heavy vehicle carbon materials work being done and by whom? 

V. K. Sharma, Navistar International 
Roy Baggerly, PACCAR Technical Center (Invited) 
Arie Brouwer, NOVEM, Utrecht, Netherlands 
John Shaffer, Center for Manufacturing Technologies, ORNL, 
Rich Bergstrand, Kenworth Trucks 

Gary Rossow, Freightliner (Invited alternate) 

2:45 Break 

3:OO Panel Four: Cost and material performance of carbon products relative to metals and other 
composites. What are new and innovative approaches to reducing the selling price of carbon 
products while continuing to improve material performance? 

Mike Michno, AMOCO Polymers 
Steve Koff, Hardmre/DuPont 
Zsolt Rumy, Zoltek 
John Weis, DFI Composites 
Al Stiller, West Virginia University 

Jeremy Hale, Hexel (Invited alternate) 

4:30 Distribute and discuss MYPP Outline developed by the Workshop Planning Committee. 
Assign breakout areas for dinner groupings and day-two breakout sessions. 

5:OO Adjourn Day One formal sessions 

530 Social 

7:OO Dinner with groupings according to breakout topics A, By C, and D. 

Overview Presentation: 

Industrial Carbons and Graphites, John Chang, UCAR Carbon Company 

Thursday, September 5,1996 

7:30 Continental breakfast 
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8:30 Charge and directions to breakout working groups. 

8:45 Breakout sessions: 

A. 

B. 

C. 

D. 

Body, chassis, cargo area, trailers, seat structures, fuel and air tanks, wheel 
wells, vehicle interior, engine rails, other structural members; 

* Mike Scotese, Mack Truck 
Ever Barbero, W"U 

Crash protection components, energy absorbing materials, bumpers and 
impact guards (front, rear, and side), vehicle crashworthiness, fire protection 
components; 

* Victor Suski, American Trucking Association 
Sotiris Kellas, NASA Langley Resear& Center 

Running gear: brakes, clutches, suspension, axles, wheels, steering 
components; 

* Lany Stoneburner, Dana Corporation (Invited) 
Tim Burchell, Carbon and Insulation Materials, ORM, 

Power train: engine components, drive shafts, radiators, transmissions. 

* 
Chuck Jones, Dana Corporation 

Each breakout group addresses the following questions: 

1. 

2. 

Current state of the art and cost-benefit outlook for making the components 
from carbodcomposite materials? Manufacturability? Raw material and 
processing costs? 

Effect of material properties on ride, handling, and general performance of 
heavy vehicles? Damping characteristics of carbon products. Flammability 
and smoke toxicity properties of carbon products? Insulation properties 
(thermal and acoustic) of carbon products? Compatibility of carbon materials 
with fuels, temperatures, etc.? 

3. Cost-performance thresholds to be achieved, Le., what performance levels are 
you willing to pay for? 

4. Environmental issues, recyclability, disposability? 

10:30 Break 
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11:OO Breakout sessions resume and address the following: 

5. R&D needed on fabrication, product manufacture, product development, 
material development? 

6. R&D needed on overall vehicle systems design and manufacture? 

7. Other R&D needs? Test beds and demos needed? 

12~00 Each breakout g r o u ~  determines their top ten long-term R&D &. Breakout fesults put 
into MYPP form for discussion in aftexnoon plenary session. 

12:30 Lunch 

12:50 Luncheonspeaker: Congressional Views on R&D Funding (Invited) 

2:OO Plenary Session 

* Sid Diamond, U.S. DOE Oflice of Heavy Vehicle Technologies 
All breakout session moderators 

Breakout session moderators will explain and justify their groups' recommendations. 
Discussion by all participants of findings, recommendations, and possible omissions of other 
high priority R&D objectives. 

3:15 Wrap-up discussion 

4:OO Conclusion of workshop 

Draft MYPP to be sent to ail participants by end of September for comment. 

Final MYPP recommendation submitted to U.S. DOE Office of Heavy Vehicle Technologies. 
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ATTACHMENT 4 

JACK WHITE LETTER 



- 

National Research Center for Coal and Energy W y West Virginia University 

June 27, 1996 

Jack L. White 
Chair, American Carbon Society 
Department of AMES 
University of California, San Diego 
La Jolla, CA 92957-0411 

Dear Professor White: 

This is to confirm our interest in organizing an American 
Carbon Society workshop for the May-June, 1998 time-frame on'the 
general topic of the role of carbon products in critical 
industries of the future. A n  intent of the proposed workshop is 
to elevate the status of carbon materials as a principal cross- 
cutting technology. Positioning carbon products in such a manner 
will help ensure continued support for carbon materials RcD.  

One such slate of industries, as designated by the U . S .  DOE 
Office of Industrial Technologies (OIT), includes steel, 
aluminum, glass, metals casting, chemicals, refining, and forest 
products. The O I T  selected these "Industries of the Future" 
based on their rather high consumption of energy, level of 
pollution, and l o w  ratio of R6D expenditures to total sales. 

The proposed ACS workshop would not be limited to the above 
seven industries, but would certainly include some of them. 
Based on our preliminary discussions with the O I T ,  we would 
expect a good bit of synergy between the proposed ACS workshop 
and on-going OIT programs, especially since advanced materials is 
an O I T  designated cross-cut technology. 

There would a l s o  be significant synergy with the Carbon 
Products Consortium (CPC), an industry, government, university 
cooperative R&D organization which includes, UCAR Carbon, Koppers 
Industries, CONOCO, ALCOA, AMOCO Polymers, and West Virginia 
University. ORNL, Fiber Materials Inc., and BASF Corp are 
affiliates of the CPC. 

We would foresee the workshop being a two and one-half day 
program with plenary speakers and panels, and possibly breakout 
groups meeting in parallel which would reconvene in plenary 
session to report results. We think there are at least four 
general themes which would be of concern to the carbon products 
industry: 1) feedstock/raw material quality, supply, and domestic 
availability; 2 )  loss of American carbon manufacturing 

----- ---__ ---___ 
304 293-2867 C PO BOX 0 MORGANTOWN ~-~-~60%4 0 FAX 304 293-=49 

Equal Oppaflunity f Atfurnative Action Institution 
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transfer and implementation of technology from research labs to I commercial application. 
Regarding topic one, some attention would be given to recent 

developments obtained through CPC programs on coal-based 
feedstocks for carbon products. 

Conference facilities are available at West Virginia 
University in the recently constructed National Research Center 
for Coal and Energy. A broad range of housing is available in 
the Morgantown area from lower-cost campus housing to resort 
style accommodations with golf courses, health clubs, and other 
amenities. 

A tentative agenda fo r  the workshop is enclosed. We propose 
to cover five categories of industrial use'rs of carbon products, 
but would focus on the four themes mentioned above within each 
industrial category. 

look forward to working with you, Bill Nystrom, Tim Burchell and 
others  to develop further details of the workshop. 

Thank you for considering our workshop proposal. We would 

Caulton L. Irwin 

4 s  Alfred H. Stiller 

enc . 
I X.C. William A. Nystrom 
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