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1 Overview

This final report starts with a restatement of the proposed research under tile contract
and is followed by a report on the research progress made during the period of this
contract, September 1, 1985 - April 30, 1990. The coupling activities are tabulated in
this report only for the August 1, 1989 - April 30, 1990 period, with tabulations for
previous years found in the semiannual reports for each of the prior funding periods.

1.1 Abstract of Objectives

A research program is proposed relev, it to the utilization of new technological devel-
opments for the modification of the neai-surface region of graphite. These new tech-
nological developments include intercalation, ion implantation, puL ,d laser irradiation
by itself or (oupled with ion implantation, and iniplantation-enhanced intercalation.
The applications of these technologies are directed toward:

1. enhancig thp adhesion of graphite-fibers to the matrix material of carbon-

carbon composites,

2. retarding the oxidation of graphite fibers under high temperature operation,

3. enhancing the matching of the coefficient of thermal expansion of the graphite
fibers to that of the matrix material and

4. improving the high temperature performance of graphite fibers more generally.

To achieve these objectives, fundamental studies must be undertaken, since almost
nothing is known about tile structure-property ielationships of the surface mnodifica-
tions caused by use of these new techlnologies for tite conditions of temperature and
chemical environment pertinent to the apl)lications proposed here. Secondly, since
almost all previous work using these technologies has been done oi bulk graphite,
application of these technologies to graphite fibems must be explored, including the
dependence of fiber morphology on the resulting structure-property relationships. A
research program explicitly designed to achieve these objectives has been undertaken.
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1.2 Stateient of Work

Statement of work in AFOSR Contract #F49G20-85-C-0147 on "Fundamental Studies
of Near Surface Modification of Carbon Fibers".

* Derive and characterize parameters controlling modification of tle near surface
regioit uf carbon fibeis by ioua implantation.

9 Derive implantation conditions which enhance adhesion of graphite fibers to the
matrix materials.

* Derive implantation conditions which retard oxidation rates of graphite fibers at
high temperature.

* Derive surface modification ap)proaches to match the coefficient of thermal ex-
pansion of the graphite fibers to the host material.

* Investigate modifications of the near surface region of graphite fibers by pulsed
high energy density lasers.

* Derive surface modifications to enhance high temperature stability of graphite
fibers by implantation, annealing, and high energy density laser irradiafion.

9 Investigate defect structures of ion implanted fibers by transmission electron
microscopy.

e Investigate oxidation rate of carbon fibers under variation of pertinent iniplanta-
tion parameters, such as ion species, energy and fluence, temperature of inmplan-
tation and temperature of annealing.

* Investigate the potential of the iimpllantatioi-enhanced intercalation phenomena
for controlled surface mnodification and enhancement of surface properties.

* Investigate the potential of the ptilsed high pcwer density laser phenomena for
controlled surface modification and recrystallization.



2 Current Status of Research Effort

This final report presents a summary of the research progress made during tile entire
period of this contract (for tile four year funding period and six months no-cost ex-
tension September 1, 1985 - April 30, 1990) on "Fundamental Studies of Near Surlace
Modification of Carbon Fibers". Il presenting the summary, we refer by number (#n)
to the publications which are listed in section 3.1 of this report.

2.1 Structure-Properties Measurements on Pristine Fibers

In studies of ways to characterize the various pristine carbon fibers, we have been en-
gaged in a number of projects. Tile favorable fiber geometry was exploited (#5) to
show that the temperature dependence of the thermal conductivity of carbon fibers
could provide infoimation on the amount of disorder. The temperature and magnetic
field dependence of the negative magietoresistance in disordered carbon fibers was
invest.gated (#4, #10) and calculations based on the Bright model were carried out
to expiain these results. Subsequently it was fomiud that weak localization efrects in a
magnetic field could provide a more coherent explanation for a large amount of ma-ne-
toresistance data exhibiting complicated temperature and magnetic field dependences.
Quantitative studies were carried out to show that the degree of order in thick vapor
grown carbon fibers was greater than for thin fibers (#2, #23).

Photoconductivity measurements were shown to provide a sensitive characteriza-
tion tool for disordered carbon fibers (#9), though no in-depth study of this phe-
nonmenon was carried out. The Ram.m effect was used to characterize the amount
of stress on a carbon fiber (#14, #18) by measurement of the shift of the peak fre-
quency with stress for light polarized parahiel and perpendicular to the fiber axis (stress
direction).

From a scientific standpoint, the carbon fiber geometry and the availability of
fibers with different electrical resistivities were exploited to make quantitative studies
of the conductivity of liquid carbon (#16). The results of running a high current pulse
through very thin fibers demonstrated that liquid carbon is metallic.

Ihigh resolution transmission electron microscopy was used to gain information on
the degree of graphitization (#24I, #29, #34) and the results were modeled on the basis
of a thermodynamic model. The work oi carbon fibers was suibsequeitly extended to
model carbon blacks (#34).

2.2 Structure-Properties Meastmreiiments on Other Carbons

In the course of our studies on tile structural aid electronic properties of carbon
fibers, we typically use carbon umaterials standards For comlparisoi to the fibers under
study. We also use techniques developed for the characterization of fibers to study new,
unexplored phenomena, generally in order to gaini insighit into the measured properties
of disordered fibers. In this connection modeling of tile electrical conductivity has been
done for the transport properties of thin pregraphitic films (#11, #13).
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Using transport and lmi.ian ineasurelents to study carbo-l-carbon composites, the
properties of the embedded carbon fibers and of the surrounding matrix material could
be measured iidepondently (# 17). Such information is of considerable interest for the
characterization of materials with coexisting phases on a scale of several microns. Also
in the area of optical techniques, we have used pulsed laser irradiation to introduce
lattice defects or at high irradiation levels to pro(lce liquid carbon. Our recent laser
studies (#37) have been focused on studying the inicrostructure of liquid carbon vf 'r
rapid solidification.

2.3 Structure-Properties Measurements oji Related Materials

With regard to the 1N host material, which has a very similar crystal structure to
graphite, but Is a wid. gap semiconductor, we have managed to achieve intercalation
using potassium and have even observed some ill-plane ordering of the K intercalate
relative to the BN host material (#27, #35). Another somewhat related material
is C-BN which is a mixture of tile C and BN constituents. By varying the relative
amounts of C and BN, it is possible to vary the electrical properties over wide ranges.
In our recent studies on lIN (#26, #28, #36), the structure and properties of this
material have been studied, correlated and modeled as a function of tile fractional
carbon content.

2.4 Structure-Properties Measurements oii Intercalated Fibers

A main thrust of our stuldies on carbon fibers has been on the structure-properties
relationships of intercalated carbon fibers in their own right and in comparison with
bulk host materials. lit one study, the thermal conductivity of intercalated carbon
fibers was measured as a function of temperatre (#1) to determine the dominant
thermal conduction mechanisms. The laman effect was used to characterize fibers
along their length using a Itarman inicroprobe (#3), or for specific intercalated species
(AsFs) to compare with ineasureinents by other techniques (#32). The exfoliation of
carbon fibers was examined (#7) in order to find the relation of this effect in fibrous to
that in bulk intercalation compoutnds. The microstructure of these intercalated fibers
was investigated to gain further understanding of the intercalationi process and of the
graphitization process itself (#R, #23). For practical utilization of intercalated carbon
fibers, the bromine intercalation process was stuidied with regard t~o intercalation-
enhanced conductivity, temporal and tihermal stability and current carrying capacity
of the intercalated fibers (#23, #30, #31).

Our main scientific work involving intercalated carbon fibers is the study of tile
weak localization phenomenon in the luorinate(d cambon fibers (#38). Our early work
(#33) showed that for low fluorine concentrations the fluorine intercalate behaves sim-
ilar to other acceptor intercalates, showing a large increase in the in-plane conductivity
(along the fiber axis). At fluorine concentrations beyond CtF, the electrical conductiv-
ity starts to decrease, reaching conductivities mnore than an order of magnitude lower
than for the pristine fibers before intercalation. The effect is an order of magnitude



more p~ronoulncedl in the fibers as coinpated with bulk compounds of similar stoicliioi-
etry. We have exploited the ability to control Lte lattice disorder through thme attount
of intercalate uptake as a means to studly 21) weak localizationi effects quantitatively in
thle CjF fibers. Because of the large magnitude oil this effect in thle C,Ft fibers, this is an
ideal System for the study of these 21) localization effects. 'The exp~erimlental techlniquies
we have employed includle the temperature dlependlence of Cte electrical conductivity,
magnetoresistance, photocondluctivity, thermal transport phmenonmena, and thle 11anart
eff'ect. This work is still in progress, especially studly of transport phleniomiena in the
transition between thle weak localization and strong localization regimles.

2.5 Book

During the period of this contract a book onl "Carbon Fibers and Filanments" was
prepared and published (#15).

2.0 Review Articles

A number of review articles have beent prepar-ed (#f6,#12,#19,#[21,#24,#2,v).
A review of the p~roperties of carb~on fibers andI~ filamenits was first presented orally

to researchters at tile Aberdeen Provinig Grounds (#6). T1hie manmy questions -an(I coin-
inenits stemuming fromn this talk and the talks giveni by our collaborators I. L. Spain andl
11. Goldberg indJicatedl Lte nteed for a moiiograph for adlvancedl students and researchers
in thle field. This review (#G) therefore led dlirectly to writing a book with thlese Salle
colleagues (#15).

A short review onl thme structure and p~rop~erties of carbon fibers was prepared for a
NATO summer school (hteld inl Erice, Italy in 1988) and~ this review was published in
the book of confreence proceedings edlitedl by M.S. ljresseilaus.

A review on liquid carbon was p~rep~aredl onl invitation by tile Jav~anese Carbonl So-
ciety (#19). A large part of this review is devotedl to the formiation of liquid carbon
by thle rapid passage of a large currenmt through the carbon fiber (Joule heating). Mea-
suremnents of the electrical resistivity vs. time are made, yielding a plot of resistivity
vs. temperature. Tme most significantt result of this work is to show that liquid carbon
is metallic, and to determine manty of Ltme prop~erties of tlhis unusual liquid.

Ant invited review article onl "New Tirenmds inl Intercatlationl Com1pou nds" has b~een
prepared (#21), in whichl soneic ttenltionl is givenl to thle intercalation of fiber hlost
materials. The overall objective of this wvork wasq to Sumimmnarze recent advanices inl the
field of intercalation, anmd in pairticular ipointig to new research opportunities in thme
field.

Ant extensive invited review of imntercailed carb~on fibers hmas been completed and
Submitted for publication in a volme onl graphtite initercalation compndfolms to be pu1b-
lished by Spriniger (#24). T'his rep~resenIts a major exp~ansionm of thle work previously
published in 1988 by Springer as a chapter onl our monograph volumle onl "Carbon
Fibers amnd Filaments".



lit addition, a lecture, a ma~nuscript and charmrooui notes~ oil carhoit imes an~d
composites were prepared for the 1988 I'rilco Fecrmi~ School onl Solid State Phlysics
(#25) hteld In La Spezia, Italy. Tlhe lectuire oil "Calbn IberR and Comp~josit es" wws
one of fouir lectures presented at the Piiiico l'ermi School by M.S. IWrsselliatis oil the
more general topic or Intercalation Comiipoti Itds antd compi1 osites.

3 Reports anid Publications

3.1 P iblicationls

1. "Thie Effect of lintercrtintinit onl the '1'lermitl Cotiductivity of tBenzeiie-
Derived Carboni Fibers", L. 1'iraux, 13. Nysten, J1. 1'. Issi, L. Sabl-aiaca-Riiba,
and M. S. Dressellt aus. Solid State Conmmgtz., 58, 265, (19186).

2. "Size Effects III Electrical Properties or IBetzene-Derived Graphite
Fibers", M. Z. 'fahar, M. S. ltiessellinius, and~ M. lindo. Cat-boti, 24, 67, (1986).

3. "fltniinit Microscopy of inlercutlnted Graphite Fibers", L. 1IX McNeil,
J1. Steinbeck, L. Salitanica- liba., and G. h)resselltaus. Cmrbon, 24, 7:3, (1986).

4. "Mitgnetoresistance of Graphite Fibers", 1. lalm, K. Sugihara, M. S.
Dresselitis, and1 .1. llerenians. Carboti, 24, 663-669, (1986).

5. "The Titermnl Conduictivity amid Ilnitinti Spectra or Cnrboil Fibers",
J. Ilereinlans, 1. lhim, and M. S. I)tessellma-ts. I'hys. Rlem, 1132, 6742, (1985).

6. 6Silh, Needle-Shanped Filamtents Bansed oni Carbon", M . S. l)resselhatis,
11. A. Goldb~erg -and 1. L, Spaiii, in Proceedigs of the P985 CRI)C Scieritific
Conference onl Obscuration aind ihrosol IRcscay-ch, IL. 11. K~ohlh, editor, Volume I
and 11, pages 29t-324.

7. "Exfoliation of Beimene-Derived Graphite Fibers", II. .1. .limimnez-Gonz~lez,
J. S. Speck, G. Roth, M. S. l)resselhaus, and M. Endo. Gat-boll, 24, 627, (1986).

8. "Microstruct tre of Thin Initercalated Ileizeiie Derived Grnphite Fibers",
E. Mlnaml, X. lhao, .1. S. Spieck, M. S. J),esselha.,,s, and M. Endo. IIn M. S.
l)resselas, (G. l)ressellmms, and S. A. Soli, editors, Irtitdurd A bstunrls of the
Symposium of: (7,njlditc biter-cailt ol (]om~;iids (it the Afafrinl.q Th'seavc So-
ciety Alectiq, liosoit, Ipg 2 1:1. Mni ~mi als Ii .search Society P'ress, I'it ts 1,1gh,
P'A, (1986).

9. "Photoconductivity lin Graphtite Fibers", .1. Steibeck, M. S. l~resselhials,
G. l)resselhiatu, and TF. Veitkatesn n. lit NI. S. lhresselhaus, G. lIresselhians, and
S. A. Solirt, editors, h,'itendred A bstiracs of the Sympositim oit Grphite luti-
Intioti Compounds, at the Alatrrials IRcsenach Society Alrtitig, Bloston, page 129.
Materials Research Society P'ress, l'ittshiirgli, PA, (1986).
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10. "Auiottnlo,. T1emipernt tre -IDependmit, Nr'gntive NingtietoresiInire itt
Pregrnpititic Cnr-bonsq", K. Stigiliina and( M. S. 1)resqeliair. Iii hi. S. l)ivr;-
Re'llialiR, (I. Dt"eSPlliait.11, ail S. A. Soliti, vditoi s, F'recrdr'd A b(qfrats of fhur' Swpn-

iiositit n Graphaite J,,tryralrtionr C omipottiids at the Alrtruintsq 1?rsarcrz Soriely
Mfeeting, Ilostoit, page 1.15. NMateijal Iesf'a: cl Socie'ty I'rrs, P'ittsburrgh, VA,

(1986).

I1. "Electrori-1layleig W~nve Interactioii i ''liin Himt Cnrbons" , K. .ig
iliaraf. lin Mv. S. IDressedhall, (". Dimm~liimi, mid S. A. Solin, editors, J'xriirdcd
A bstrvacts of the Symvposiumvi nit Goaphite brltevcalatioti (iovn,,onns nt the jilate-
rials Research Society Aleeltig, Roston, paig( 1:12. Materials llesacd Society
PreaS, Pittsbirghi, PA, (1986).

12. "Interenlated Grnjphite F'ibers", M. S. IDreslluats. lii WI S. lDresseliralis,
editor, ltercalatiort i L~ayered Mlaterials, p~age '61 . 1Pleumia Press, New York,
(1987).

13. "Electricnt (2ountll in iii I'll tFil Ca~rbis" , K. S9itgilt nra -and M . S.

1)resselhaus. lit Fzttded A bstravcts of tile 18" ffiennil (Colferetire oit (.Inbort,
page 421, (1987). Jiuly 1 9 21, 19,9~7, Worcvster Polytoclitic lutstilute".

14. "Stress Menstiremeatit.s in (hbniltite filbers by 1,nsrvr Rnmin Spctroqcopy",
It. Sakata, C~. tDressellt.ts, and N4. Endo. lit l';teiided A bstiarts of the is"' Bi-
rimni Coitferenice n Car-bon, paige 18, (1987) . Jily 19-24, 1987, Worcestri
Polytechnic Institlite.

15. "Graphite F ibersq wid Filalitelits", Mv. S9. lDesselhis, G. lDressellialis, K. S1ug-
iliara, 1. L. Spa-in, and It. A. Cold hetg, volit ite 5 of Spiiiger Series int Materials
Science, Sptinger-Nerlag, lBe ifin, ( 1988).

16. "Observritioll of IMetnllic Comtlictivity of Utrjli(I Cnrbon", J. IlereminsI
C. 11. Olk, (31. L. Eesley, .1. Steibck, and G. 1)iesellats. I'hys. R~em. Letts.,
010, 452, (1988).

17T. "Electronic andn Struttural S0idles of Carboni-Crboti Comrvposites",
G1. L. )oil , Ri. Mv. S-akyn , .1. T1. N icloll-9,3.. S. Sipec-k, Mv. S. D)1rissellt ais, atid (1. 11.
Engle. Synithetic Metals, 23, 4IR1, (1 988).

18. -Efrect or uinxial stre (itt the fltitri Spectra or (4rnplite Filwfrvl",
11. Sitkata, (1. I rr' sei its, NI. S. lDresnelli 1li , an MtlN. Frido. J1. A pp1 . l'1u~s., 11,
2769, (1988).

19. "Liquid Cnirbont", M. S. Ijresqvlharts mid J1. Steinlbeck. 'lnso, 132,$'t1l,(1988).
Journal of thle Japanese Carbon01 Society.

20. "Lattice Vibrations in Thi Filmt Cnrbous- I Electroni- Ilny vig It Wave
Interaction", K. Sugiliar. l'hym. lRe., 1137, 7063, (1988).



21. "New tretii Ili Inttercrtint,oi cotttpolu ids", M. S. Dihorsvih wi Afofrv..Sri.
Enig. , 1, 259, (MR98). Soctiori D: SONi Stk k'NIinltiak for Ad vanced TvIrw li gy.

2Z. "Prnrntioti nnd electint jirojiert ton or biritote in terenlat od vnpor
grown carit i fbrs" , M. End", IL. Yamuana~lu, M~ L. IN~t amd 144. S. l11m,
snianns, 1 p. l'ys., (inn n8). 4, 2995.

23. "Struicture muid inteot-nlntionu or tii britzeiie doerivrd rboti fibers",
J1. S. Spe'ck, M. Enudo, -and M,. S. livsosollu n, J1. Cr5'Y (!l ;y-ototh 94, 934 (1989).

24. "biterenlntion or Oirnp hiIe Mmy u~" , K1..AI )ussirluans anid NI. Entdo, Springet-
Pirocerdings itt I'ysics, Sprhugou Voidag, Weuini, (W988) Sptingn' rrviow at tick.

25. "Internuintion cotnjoittdnI nttdI coinupoqitrn" , M. S. IDros'illtaus, 11 Nuovo
Ciffeinto, xxx, (1988). Eu tico Fek'runi School.

26. "PropertieR and( cltnrneter-izationu or co-- dej)o-;itP(i 1horoti nitridle atid
carboni itnterrins" , A. WN. Moou', S;. L. Stuorug, G. L,. Doll, MI. S. Di ,nsoll11,aun,
1. L,. Spain, C. VV. I1o~v,'ts, .1. 1'. ksl, and L,. I'iraux, .1. Aipipt. I'et/..., or), 51),
(1989).

27. "Ititercrilatiotl of ltextnil fN with potassiiiiii" , (,. L,. Doll, .1. S. Spvwk,
M1 1)ronselann, NI. S. Divsosvlltanu, K. Nakamunra, and S. 1, 111ma MnN.
Endo, M. S. 1)1 c'nnllu alls, and G. Di )sselhaus, r'dtot n, IExteirdd A bstirtcts of
111-' Symposiumniot G-aphite lIutrrr'raatjon; (iornpoutids at the Afntr'iins Ih'sentrhl
S5ociety Mce'tiq, ijoston, page 13:3, NIaterials llvsvarclt Society P'ress, Pittsbuurght,
PA, (1988).

28. "Physical properties (if rn-dopoiuited C-fIN compjosites", A. W. Mooro,
S. L,. Strong, 0. L. D011I, M. S. lDuonnC111u11n, J1. P. IsnMi, anid L~. IlltA MnN.
En,fj( NI. S. JDressllu ann1, an1d G'. D) ussolluann;, editors, l,21irnde'd Abstracts of
tfir srjvuzjo.'uuuu oil Gua1,hite Int1rirolotionz 'oin pounrds at the' Atnte'riols lUirrtrCh
S5ociety Aclectig, fOuston, page 14 II,N Rberinam Itimpsatch Sudioy I'rmN, M1trUttvgh
PA, (1988).

29. ' lrniltiznticii of titt l,tu~itom (leriveti carrit flhrt-W", J1. S. Spvck, MI. S.
lDresselhann, and~ NI. PEuado, Ii NM. Eno, M. S, lDrvonn'lhann, and (. Dieunr'liaann,
rdi torn;, IE2~treUd A1bstivriq of the Sympos,.inilu Oil (vrrrph ito 11Itte'curitill~ o
pourad at tlie Alate'rinN Irs-rrh .Sucly i Mringq, linin"tru, pagn M9, NI af-ordsa
Resnearcht Societ~y I'uosq, P1 tthn igli, PA, (19,99).

30. "Intercnlntioti nntd elecvtrtcti jiroproes or brorn, ito inrterrcnlntet] vapor-
grown grnphitu flh1ers - coltdtuctivity, nd cttrrotut cnirry!"g eapacity",
NI. Eindo, A. Sudoni, nI. Yiauttslu, 'r. inada, u. I,. mmol, and NI. s. llrvonnol-
Ita1us, III NI. FEtudo, NI. S. I~ scIu an d C . I rr'nnrlthwq, ed(i tors, Ft..Tfrtdr4
A bstracts of the Symnposqiinz n Gvoaphite li'tc-alInioni (Zoipoupid.,: .5cie'rt anid
Applicationx, patge 185, Matni lals Riesearcht Society, Pittnbilnrgl, P'A, (1998).
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31. "Initrn kt Eon n 1( i'ee trivil pr~opries of~ hI tighly ord ceredf prnp Iii I 0vr.q",
M. Endo, Ii. Yati naii~~, A. Stidrni, avnd NM. S. 1)#DIiwlimis, 111 1). (",Ivla;ld and 1'.
I g Ian ge, Vi'd Ior S, IIIl-t I (I I iolI ui( 'o Uoq rnir It II I , a ir Ird It Ino,,,.q, jpugr'I

(19RS). Pont a-MoI9.hht o IJH'l'

32. "II.Rmnu and x-rmy .9. dy af A sF>/ vnipor grown g-n phi te HO Wr", 1.
Ghlala., M. S. IDre~sslliai, and M. Ihido, Cml bon, 27, 1I17, ( 199R)).
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* M.S. Dresselitaus, Chtairman, JTEC Study for the NSF on iligh Temperature
Superconductivity in Japan, 1989

* M.S. Dresselhaus, Member Board of Governors, Argonne National Laboratory,
1985-88; Member, Scientific and Technical Advisory Committee 1988-

* M.S. Dresselhaus, Elected Board of Directors, American Associatioia for the Ad-
vancement of Science, 1985-89

4 Personnel Involved with Research Program

* Mildred S. Dressellhaus - P'rincilaml Investigator
Responsible for the reseach and the direction of all aspects of this program on
"Fundamental Studies on Near Surface Modification or Carbon Fibers".

e Gene Dresselhaus - Co-Principal Investigator
Responsible together with the principal investigator for the research and the
direction of all aspects of tile progratt.

e A. Alryyes - Graduate studenmt
Responsible for studies of frequenty dependence of photoconductivity of carbon
fibers. Transferred to another research group after cominpletion of MS Thesis.

* P. Ierthlier - Graduate Student
Responsible for low temperature transport properties of benzene derived carbon
fibers.

* S.L. Divittorio - Graduate Student
Responsible for transport measurements in Iluorinated carbon fibers and in ac-
tivated carbon fibers.

* G. Doll - Research Associate
Responsible for Ranan characterization of carbon-carbon composites using Ra-
man scattering and electrical resistivity neasurenents. Also responsible for in-
tercalation of BN with ( and for studies of the C-UN material.

e A. Fung - Graduate Student
Responsible for Raman and ttingietoresistaiice ineasiiremenits in fluorinated car-
bon fibers and activated carbon fibers.

e K. Kuriyama - Visiting Scientist
Responsible for photoconductivity studies ott activated carbon fibers.

* I. Ohana - Research Associate
Responsible for iainan characteization of intercalated carbon fibers, especially
with AsF5 , for high electical conductivity applications.
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e A. Rao - Research Associate
Responsible for Ranian characterization of intercalated carbon fibers and acti-
vated carbon fibers.

* J. Speck - Graduate Student
Responsible for high resolution transmission electron microscopy studies of graphite
fibers and other relevant materials. Responsible for modeling the graphitization
of very thin fibers.

9 J. Steinbeck - Graduate Student
Responsible for studies in liquid carbon and for photoconductivity studies in
carbon fibers and disordered carbons.

* K. Sugilhara - Research Associate
Responsible for transport calculations in carbon fibers.

* A. Thomas - Graduate Student
Responsible for mngnetoresistance measur emen ts on carbon- carbon corn posites.

4.1 Coupling Activities - Seminars and Invited Conrerence Papers

The MIT group is strongly coupled to international activities on carbon fibers and in-
tercalated carbon fibers. Titles of the many seminars, invited talks and symposia given
from September 1, 1985 - April 30, 1989 are listed in the previous seven semiannual
reports. Below are listed titles of seminars, invited talks and symposia given from May
1, 1989 to April 30, 1990 relevant to the work supported under this contract.

* June 4, 1989; Meeting with Mr. K. Kuriyatna and Prof. Endo in Tokyo to discuss
research program on activated carbon fibers (MSD)

* June 28, 1989; Talk on "Thernial Stability of Co-deposited C-BN Composites",
Penn State University, 19th Biannual Carbon Conference (GI))

* July 10, 1989; Discussions with lD. I). Shafer at Sandia National Laboratory on
carbon foams (MSI))

* July 28, 1989; )iscussions with l'of. ..- I'. Issi at MIT on transport properties
of fluorinated carbon fibers (MSI) nad (1))

* August 23, 1989; Talk on "llecr.mt Advinces in Carbon Fiber Research , at
Yazaki Research Laboratory, Mishiana, .Ja pan (MSI))

* August 24, 1989; )iscussions with Plokfssor T. Nakajitna on the synthesis of
fluorine intercalated fibers and research results obtained with these fibers (MSI)
and Gi))
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a August 26, 1989; Discussions with Professor T. Enoki on research results obtained
with fluorinated carbon fibers and planned future research on activated carbon
fibers.

@ August 28, 1989; Talk on "Recent Advances in Carbon Fiber Research", at
Shinko Research Laboratory, Nagano, Japan (MSD)

* August 29, 1989; Talk on "New Science using Carbon Fibers", Invited talk,
Carbon Society of Japan (MSD)

a August 30, 1989; Talk on "Overview of l.e.earch on Graphite Intercalation Coln-
pounds including Fibrous Host Materials", at Iwaki Mesei University, lwaki,
Japan (MSD)

* September 5, 1989; Meeting and discussions with researchers working on Special
MITI program on Graphite Intercalation Compounds and Carbon Fibers, chaired
by Dr. Doi, Tokyo, Japan (MSD and GD)

* December 11, 1989; Discussions with Prof. Enoki and Dr. Suzuki at MIT on
fluorinated carbon fibers (MSD and GD).

* January 10, 1990; Discussions with Prof. Davidov at Hebrew University, Jerusalem
on fluorinated carbon fibers (MSD).

4.2 Collaborators

* Dr. II. Goldberg - Research Stafr, Celanese Corporation.
Collaborates on PAN fiber studies and review article.

* Dr. J. lleremans - Research Staff, General Motors Research Lab.
Collaborates on high temperature conductivity studies of fibers and of liquid
carbon.

* Dr. J. Perkins and Dr. L. Shepard - Army Materials Ires. Center, Watertown,
MA.
Collaborates on developmient of ti-ansition netal intercalated graphite fibers.

9 Prof. I.L. Spain - Professor of Physics, Colorado State Univ., Fort Collins, CO.
Collaborates on fiber studies and review article.

@ Dr. T. Venkatesan - ilesearc, Staff, Bell Coninnun. Research, Red Bank, NJ.
Collaborates on pulsed laser irradiation studies of photoconductivity of graphite
fibers.

* Dr. Arthur Moore, Union Carbide
Collaborates on C-lIN research.
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" Professor M. Enido, SlhinsIhu Uniiversity
Collaborates on carbon fiber research and supplies us with fiber samples and new
carbon materials.

" 0.13. Engle - Goodrich Corp., Santa Fe Spirings, CA and
Nuclear and Aerospace Materials Corp., Poway CA
Collaborates on carbon-carbon cornposite studies.

5 New Discoveries, Patents or Inventions

none


