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UNIVERSITY OF WASHINGTON 
SEATTLE,  WASHINGTON 98105 

June 30, 1971 

To All Concerned: 

This i s  the sixteenth semi-annual s ta tus  report submitted ~i:\det- tirie 
National Aeronautics and Space Administration Grant NGL 48-002-004e %fi  

our l a s t  report, dated January, 1971, we used a new format which, gene ra l l y ,  
was well received. Now, as part  of a continuing e f fo r t  to  improve our 
methods of communication, we are modifying the content and Format o f  our  
June report. 

In the past, we have attempted to indicate the s tatus  of a l l  of odr 
research projects in every semi-annual report. A review of these e f fo r t s ,  
however, shows that  the most s ignif icant  research accomplishments seem tc 
come during the middle of each calendar year. Thus, a1 t h o u g h  we recog~ime 
o u r  responsibility to  submit semi-annual reports, we suggest tha t  we m2.y 
serve our readers bet ter  by emphasizing research i n  the December repor" 
and by focusing on the operational detai ls  of o u r  program i n  the June 
report. We plan t o  make our normal distribution of the former b u t  t o  send 
the June report only to NASA personnel and to members of our technical 
moni tor i  n g  commi t tee  . 

I wish to express my appreciation to Professor Myron L. White of ogr 
Humanistic-Soci a1 Studies Department for  his suggestions and ass is tance  - n  
the development of our new reporting methods. We hope tha t ,  with these 
changes, we can continue t o  report effectively on our program and  y e t  "e- 
duce unnecessary repetit ion. I f  the response t o  the present report i s  as f c -  
vorable as that  we received l a s t  January, we shall feel tha t  we have moved 
another step toward our goal of improved communication. 

Sincerely yours, 

/ James I .  Mueller 

JIM/cm 

Enc. 

r i  nci pal Inves t i  gator 0 
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f o r  a scanning e l e c t r o n  microscope. A c q u i s i t i o n  o f  t h i s  equipment increased 

t he  program's research capabi 1 i ty , and arrangements f o r  i t s  ope ra t i  on have 

extended i n t e r d i s c i p l i n a r y  re1 a t ionsh ips .  The educat ional  b e n e f i t s  o f  t he  

g ran t  a t  t h i s  i n s t i t u t i o n  cont inued t o  be and have been extended t o  N9SA 

personnel a t  t h e  centers. I n  add i t i on ,  t h e  conten t  and format o f  t h e  D~cem- 

b e r  r e p o r t  were changed; t h e  favorab le  response t o  t h e  change has resulyed 

i n  a dec i s i on  t o  cont inue the  new s t y l e  o f  t h i s  repo r t .  

Research 

General Program 

The Research Committee attempted t o  g i ve  maximum suppor t  t o  the  reslearch 

program by suppor t ing  graduate students. Consequently admi n i  s t r a t f  ve arl d 

summer f a c u l t y  funds were reduced, and t h e  f u l l - t i m e  post-doctoral l  p o s i t i o n  

i n  ceramic engineer ing was e l im ina ted .  The r e s u l t  was t h a t ,  i n  '&i4Pf$-7"! ., re- 

search p r o j e c t s  were cont inued a t  n e a r l y  t h e  same l e v e l  as i n  1969-7C, 

Table I compares the  l e v e l  o f  a c t i v i t y  f o r  t h e  two years. 

TABLE I. COMPARISON OF RESEARCH ACTIVITY, 1969-70 and 1970-71 

1969-70 1970-7'1 

Number o f  P ro jec t s  39 33 

N u m b e r o f A c a d e m i c D i s c i p l i n e s  7 7 

Number o f  Facu l ty  Supervisors 21 17 

Number o f  Research Facul ty  2 '9 

Number o f  Graduate Students 33 38 

(MS) (9 )  (15 )  

(Ph,D,) (24) ( 2 3 )  



A1 though, as Table I shows, the number of projects dropped somewhat 

i n  1970-71, the number of academic disciplines involved in the program re- 

mained the same. Moreover, faculty and graduate students of these d i s c i -  

pl ines carried on projects which were we1 1 distributed amoung the prograas;'~ 

major research areas: chemical environment, mechanical properties, s ~ ~ r f a c e  

phenomena, atomi c and molecular e f fec ts ,  and processing. Detai 1s o f  th is  

distribution appear in Table 11. Appendix A ( p ,  11) provges a l i s t  of "ce 

research projects which also ident i f ies  the faculty and graduate students 

participating and includes the objectives of each project. 

TABLE II. DISTRIBUTION O F  PROJECTS BY DISCIPLINE AND RESEARCH AREA, 1975-9": 

Number of Surface Atomic & 
Projects Chem. Mech. Phenomena Molecular Process, Plfscl, -- --- --- 

22 3 3 4 5 Cerami c Engineering 4 2 

Chemistry 3 2 - - 1 - - 
Civil Engineering 2 - 2 - - - 
Electrical Engineering 1 - - 1 - - 
Mechanical Engineering 1 - 1 - - - 
Metal 1 urgi cal 

Engineering 2 1 1 - - - 
Physics 

TOTAL 3 3 6 7 4 9 4 3 



Table I also indicates for 1970-71 a decrease in the number faculty 

involved. As noted above, however, t h i s  decrease was largely the resul-: 

of planning, and i t s  e f fec t  was par t ia l ly  offset  by the larger number s f  

graduate students who were engaged in research supported by the g r a n t ,  4 

breakdown of faculty and graduate student participation i s  shown i n  Tab;e III, 

TABLE I I I .  NUMBER OF STUDENTS AND FACULTY I N  GRANT-SUPPORTED RESEA3C-l 

Number of Research Under- '9.t a 1 
Projects Faculty Faculty grads - MS ---- Pn,D, 3rads 

Ce rami c En gi nee ri n cj 22 5 1 1 9 93 '73 
Lt- 

Chemi s t r y  3 3 - - - 3 3 

Civi 1 Engineering 2 2 - - 1 1 2 

Electrical Engineering 1 1 - - 7 I 2 

Mechanical Engineering 1 1 - - 1 - 1: 

Metal lurgi cal 
Engineering 2 3 - - 3 7 j 

Physics 

TOTAL 33 17 1 1 15 23 36 

Perhaps the momentum of research ac t iv i ty  which was maintained jL1 c7e 

past year under reduced funding i s  a mark of the program" maturity, T Zry 

event, evidence f o r  th is  maturity i s  t o  be found in the number o f  aapers 

which resulted during 1970-71 from many of the research projects, Tab7i. iV 

indicates by academic discipline the number of these papers which here rlalb- 

l ished, and i t  shows, as well, the increase of publication in the professional 

l i t e ra ture  which has taken place over the l a s t  three years. I n  add";cln, 



Appendix B (p. 24) l i s t s  t h e  authors ,  t i t l e s ,  and o t h e r  d e t a i l s  n o t  on3: 

o f  t h e  papers pub l i shed  i n  1970-71 b u t  a l s o  o f  t h e  papers which were ?re- 

sented a t  p ro fess iona l  meetings, t h e  papers which have been accepted f e  

p u b l i c a t i o n ,  and those which have been submit ted. 

TABLE I V .  NUMBER OF PAPERS PUBLISHED I N  1970-71 AND THE TWO P W E C E G I N G  ':EARS 

1968-69 1969-70 1970-71 ---- 
Ce rami c  Engi nee ri ng 2 1  9 

C i v i  1 Engineer ing - 2 - 

1 E l e c t r i c a l  Engineer ing - ! 

Metal  1 u r g i c a l  Eng ineer ing  1  1  4 

Physi cs 5 2 1 
- - 

TOTAL 8  7  15 

Ref rac to r y  Sur face I n s u l a t i o n  (RSI) Program 

Over and above t he  e f f o r t  devoted t o  t h e  genera1 research p ros r av ,  

spec ia l  a t t e n t i o n  was g iven  t o  ceramic su r f ace  i n s u l a t i o n  when i t  becane 

apparent e a r l y  i n  t h e  l a s t  yea r  t h a t  such i n s u l a t i o n  migh t  possiba, be scd  

f o r  space s h u t t l e  veh ic les .  It was ev iden t  t h a t  a l a c k  o f  fundamnii~tal 

knowledge e x i s t e d  rega rd ing  t h e  na tu re  and p r o p e r t i e s  o f  t h e  m a t e r i a l s  -;r-  

volved. Thus, Pro fessor  M u e l l e r  v i s i t e d  severa l  o f  t h e  NASA resealrck: C:P- 

t e r s  and con t rac to r s  concerned w i t h  t h e  devel opment o f  these matersi a1 s cccl 

was asked t o  accompany an -- ad hoc NASA task  committee i n  o r d e r  t o  ciete~rnlre 

t h e  " s t a t e  o f  t h e  a r t "  i n  t h i s  area. 



In the Fall of 1970, a small project was begun a t  the Universi tg o' 

Washington in order t o  study the effects  of time and temperature upon t n f  

recrystall  ization and morphology of quartz and mull i t e  fibers.  This pyi;- 

ject  was carried on principally by ceramic engineering faculty members a n d  

graduate students as an "extra-effort ," although one student was s&pporied 

for  a period of twelve weeks. 

The increased in teres t  in ceramic insulation resulted in add i~ fona  

contract funding to  NASA research centers and contractors for  dew1 o p i f ~ ~  ene 

optimizing these materials, In March, 1971, the University submitted a .-In- 

gle proposal t o  a l l  NASA research centers, requesting support for an a c f e : -  

erated e f fo r t  t o  obtain the fundamental information believed t o  be necessary, 

Recently, the NASA-Ames Research Center approved a contract for t h i s  vvilc-k, 

which will support a total  of one postdoctoral research associate a ~ d  tl?ree 

graduate students fo r  a period of approximately 15 months, BART d l 3 0  z teFvc~eu  

a supplement of $3,0QO t o  the basic grant in order t o  cover the adla~t io-a '  

travel which Professor Mueller performed in connection with the RSE precrarn, 

A l  i s t  of the f a c i l i t i e s  which he visited i s  given in Appendix 6: (p, 26 . 

Research Capabi 1 i ty 

During the past year, grant funds for  1970-71 and funds carried o v e r  

from 1969-70 were used t o  purchase a Cambridge Scanning Electron IJIdcrorcope, 

This, together with the x-ray diffraction and fluorescent s p e c t r ~ g r a p n i ~  

equipment, electron microscope, and electron microprobe, provides ii wide 

capabi 1 i ty for analyzing a1 7 types of materials. 



I t  was believed tha t  a l l  of t h i s  equipment would be used more e f f i -  

ciently i f  a full-time operator were employed. However, decreases i n  g r a n t  

and university funds have precluded the i r  use for  th i s  purpose. Therefore, 

a Materials Analysis Cost Center was established in April, 1971, Ihr%dele 

t h i s  arrangement, any University program may use the equipment on an aparovea 

rate schedule, and everyone i s  charged the same rate ,  regardless of soLFce 

of funds. The income thus obtained wi 17 be used for  the operator" ~~~~~~y 

and fringe benefits, equipment maintenance and up-dating, and standard 

supplies required for operation. 

The i n i t i a l  resul ts  of the new arrangement have been very encour-aging, 

for  additonal interdisciplinary relationships are developing w i t h  facts' tae 

members and graduate students from the l i f e  and physical sciences 3nd ripom 

the other engineering departments. These resul t s  under1 ine the i m ~ o r t a i - ~ c e  

of using grant funds t o  purchase capital equipment which not only increases 

research capabi l  i  ty b u t  a1 so enhances interdisciplinary dialogue, 

Education 

I f  the communication of research resul ts  reached a high p o i n t i n  1370- 

71, so also did the benefits which the program provides in the educal ic% 

of graduate students. During the past year, 8 Master's degrees and 3 

Doctor's degrees were awarded to students who  have been supported by t i * e  

NASA grant; b o t h  figures give further evidence of the program? smatbriq;y, 

Table V indicates by academic discipline the numbers of students who e a r ~ e d  

e i ther  the MS or PhD l a s t  year; in addition, i t  indicates the growth  it-. 

these numbers over the T as t  three years. 



TABLE V. NUMBER OF GRADUATE DEGREES AWARDED 

(Figures ref lect  awards to  only those students supported by the NbaSA gr>iq%) 

MS PhD MS PhD MS F'hD - - -  - -  -- 
Aeronautics & Astronautics - - - 1 - 
Business Administration 

Ceramic Engineering 

Cliemi s t  ry 

Electrical Engineering 

Mechanical Engineering 

Metallurgical Engineering 

Physi cs 

TOTAL 

A l i s t  of students receiving degrees in 1970-71 and the degrees they  

earned i s  in Appendix D (p. 29) ; detai ls  concerning t h e i r  theses are to b e  

found in the final section of Appendix B (p. 27). 

As in past years, the ac t iv i t i e s  of 1970-71 also included specia; 

educational effor ts .  The Cerami c Materi a1 s Research Seminar cont inued 

throughout the year,  covering a wide variety of topics. Speakers inc:crded 

2 vis i tors  and 11 students. A complete l i s t  of speakers and t h e i r  t o p i c s  

will be found in Appendix E (p. 30). 

Funds from the grant were used t o  supplement University s u p p o r t  o f  a 

vis i t ing professor during the summer quarter of 1970. Dr. D ,  b. Johnso?, 

Professor of Materials Science, Northwestern University, offered a f o u r -  

week, three-credi t course ent i t led "Sintering and Other Capillarity Phe0oq1- 

ena in Materials." Twenty students were enrol led. 



A t  the request of the NASA-Langley Research Center, Professor 

David B. Fischbach offered a 1-week course en t i t led  "Carbon Materials" "'t r 

December, 1970. A total  of 20 L-angley personnel participated. 

Reporting Methods 

Finally, there has been a determined e f fo r t  t h i s  l a s t  year t o  s t u d j  

and improve the reporting of the research program. As the l e t t e r  of 

transmittal has already indicated, the format and content of th is  r ~ p w t  

and i t s  predecessor have been modified experimentally in an attempt t o  

achieve bet ter  communication. The basic content of the December report 

consisted only o f  research project t i t l e s ,  the names of research personre l ,  

and statements of project objectives. Accompanying t h i s  material wzs a .e- 

turn questionnaire by means of which recipients could request an l 'ndivis~t ,a l  

detailed report on any or a l l  of the projects l is ted.  This ques t io~na i re ,  

a copy of which i s  included as Appendix F (p .  31) ,  also requested from 1 ~ ~ 1 e  

respondents some additional information including the number of inclividu3's 

t o  which each report was circulated, a statement as to whether ore n o t  t b te  

respondents wished t o  continue receiving future reports, and any cosnents 

which they might wish to volunteer, A summary of the responses t o  t hese  

questionnaires may be found in Appendix F ( p p .  32-34). 

A large majority of the persons receiving the December report reacted 

very favorably to i t s  attempt a t  individualized reporting, which e l  i r ~ i n ~ ~ e s  

the need t o  wade through a bulky document in order t o  obtain the -i t~forma 

tion a reader really wants. Consequently, the next December" report w i r  ? 

have the same content and format. As before, however, a l l  copies o f  tne 

report sent t o  NASA Headquarters and t o  the program's technical mon%%crs 



will include the detailed reports, as well as the basic document, 

Although th is  report does not contain a questionnaire, comments ~n 

and reactions to i t s  new designs will be very welcome. 



Appendix A 

LIST OF PROJECYS, PERSONNEL AND OBJECTIVES 

CHEMICAL ENVIRONMENT 

The zirconium-oxygen-carbon system was selected as the subject f a r  
study of the e f fec ts  of the chemical environment upon ceramic materials -I? 
order that  a problem area could be defined for  interested faculty fi:ern5~:-.s, 

Ultrasoft X-ray Emission Studies 

Faculty Supervisor: Alan D. Miller 
Assistant Professor, Gerami c Engineering 

Graduate Assistarit: James W. Rue, P h ,  D. Candidate 
Predoctoral Research Associate I I 

Objective: The purpose o f  the study i s  to  develop an 
ultra-soft  X-ray spectrometer capable o f  
measuring the X-ray spectrum of the carbiaes 
and oxycarbi de of zirconium in the sof t  
region (10-100 ) Of part icular  interest  
are the spectra resulting from transit ions 
involving electrons in bonding s ta tes ,  T h e  
information contained in these spectra i s  of 
in te res t  in helping to  describe the s t a t e  of  
chemical bonding in the compounds. 

Raman Studies of Cerami c Materi a1 s 

Faculty Supervisor: John W. Mack1 in 
Assistant Professor, Chemistry 

Graduate Assistants : Jack 6. Surendranath , Ph. D. Candidate 
Research Assistant 

Dagmar Cronn , P h .  D. Candidate 
Research Assistant 

Objective: The purpose of th i s  project i s  t o  measure the  
Raman spectra of ceramic materials t o  the  enti 
of understanding the character of thei r band;qg, 



Zirconium Oxidation 

Faculty Supervisor: Thomas F. Archbol d 
Associate Professor, Metal lurgical Erginee - i V 9  

Graduate Assistant: Ramgopal Darolia, Ph.D. Candidate 
Research Assistant 

Objective : This research project has been involved  hit!- 
the deteranination of the character-s" s t i  cs arid 
mechanisms of the early stages of oxidatio? 
of zi rconium metal, 

High Temperature Calorimetry 

Faculty Supervisor: Alan D. Miller 
Assistant Professor, Cerami c Engineerins 

Graduate Assi s tant :  John A, Negrych, Ph. D. Candidate 
National Science Foerndati on Trainee 

Objective: The purpose of th i s  study i s  t o  develop a 
hi gh-temperature isothermal drop cal orimetzr 
for  use in measuring the heat con"cents of 
cerami cs and re1 ated compounds, The cear~ent 
objective i s  the measurement of heat capaci- 
t i e s  of zirconium carbide as a func"cort of 
tempe rature and carbon content , 

Gas-Solid Equilibria 

Faculty Supervisor: James I .  Mueller 
Professor, Cerarni c Engineering 

Objective: The composition and pressure o f  the gaseous 
phase(s) associated with the solid phases 2:: 
various temperatures materi a1 ly affect ~ h e  
equilibrium of a system. I t  i s  the g ~ ~ r [ ~ o s e  il' 

th i s  research to  study the effects  of these 
variables upon the Zr-0-6 system, (Cuorerr 1 y 
inactive. ) 

Sol id-Sol id Equi 1 ibri  um 

Faculty Supervisor: Norman W. Gregory 
Professor, Department of Chemistry 

Objective: The objective of th i s  research i s  t o  s t d d y  
kinetic and thermodynamic properties of tkie 
reactions in oxide, carbide and graphite ::jc- 

tems by torsion effusion measurement o" s ~ e a d _  
s t a t e  pressures of gases generated i n  emrfds 0- 

cel Is. (Currently inact ive,)  



MECHANICAL PROPERTIES 

A1 l ceramic materials are affected by severe envi ronments. re sear^, 
in these categories i s  directed toward fundamental studies on t h e  PI-ac:^. *e 
aqd deformation characteristics.  

ZrC Coatings 

Faculty Supervisor: Colin 9 ,  Sandwith 
Assistant Professor, Mechanical Engineer".y 

Graduate Assistant: Leonard Johnson, N. S. Candidate 
Research Assistant 

Objective: The coating-metal interface shear strength a ? < &  
substrate s t ra in  tha t  produces permanevt d e f 3 ~ -  
mation in the coating are being evaluated a y  
tensi le  t e s t s .  The long term objective o f  tlwce 
t e s t s  i s  to  provide parameters for  d e ~ i g i ~ ; ~ ~ ~  
with plasma flame sprayed coatings from an 
easi ly reproduced specimen. 

Defect Properties of Ionic and Ceramic Crystals 

Faculty Supervisors : Thomas G ,  Stoebe 
Associate Professor, Metal lurgicaf Engineeri ~g 

Richard R. Zupp 
Assistant Professor, Metallurgical Enginceri 1~; 

Graduate Assistants: H. L ,  Futedar, Ph. D. Candidate 
Prredoctoral Research Associate I h 

M ,  Srinivasan, Ph .5 .  Candidate 
Predoctoral Research Associate I 

H. Vora, M.S, Candidate 
Research Assistant 

Objective: t h i s  project concerns the growth and c h a r z ~ t s x  - 
zat-ion of single crystals of the NaC7 s t n  :L,its5,  

Current work includes studies of n ~ c h a n i c a :  5e 
formation parameters in high purity LiF, a q d  
crystal growth and mechanical property S L ~ P ~ ~ ~ S  
in MgO. 



Mechanical Behavior of Carbon Fibers -- 
Faculty Supervisor: David B e  Fischbach 

Research Associate Professor, Ceramic Ewg;vbee 

Graduate Assi stant:  Roy E, Henri chsen, P h ,  D, Candi date 
P~edoctoral Research Associate I 

Objective: Investigate the dynamic modulus and in t e rva l  
Friction behavior of carbon fibers,  

Continuum Stress Analysis o f  Ceramic Materials 

Faculty Supervisor: B, J ,  Hartm 
Professor, Ci vi 7 Engineering 

Graduate Assis tani  : Michael He1 d (Unsupported) , Me S ,  Candidate 
Part-time Graduate Student, Civi 1 Enginee.7 n j 

Objective: To couple the computer oriented numeri ca 3 
"Finite Element Method" of s t ress  analysis 
with current experimental work in crystal" "7s 
ceramic materials for  a be t te r  understane1,iras 
of materials behavior and properties and t o  
subsequently invert  t h i s  process to brine, t : t ~  
analytical tools and materials research ts 
bear on the Engineering design problem* 

Thermal Stresses in C 

Faculty Supervisor: Max D, Coon 
Assistant Professor, Civi l Engineering 

Graduate Assistant: Maurice B, Cooper, Ph. D. Candidate 
Predoctora7 Research Associate 1 

Objective: The objec"cve of th i s  study i s  t o  i ~ ~ a k e  uche cf 
the duct i l i ty  of ceramics a t  high temperatili'ec 
t o  introduce residual s t resses  in such 2 vs) r j  

t o  improve the load carrying capacity o f  s t s ~ c  
tural elements, 



Faculty Supervisor: Robert J. Campbell 
Wssi s tant  Professor, Cerami c Engineering 

Graduate Assistant : Sang Moo Park, M.S, Candidate 
Research Assistant 

Objective: An attempt i s  being made t o  correlate @nergj  
involved in propagation of cracks "e;rougI? 
polycwystall ine bodies. BaTi0 bodies we -e 
chosen for  models because prev?ous work t ~ a d  
suggested l imited p las t ic  behavi or. 

Nondestructive Detemination of Residual Stresses 

Faculty Supervisor: Robert J ,  Campbell 
Assistant Professor, Ceramic Engineering 

Graduate Assistant: Derri le  K. Thayer, M.S. Candidate 
Research Assistant 
Orton Ceramic Foundation Fellow 

Objective : This research i s  aimed a t  proving the  fedsg- 
b i l i t y  of determining porosity i n  bodies 
non-destructive techniques, The use of u lera-  
sonic pulse transmission related t a  e las t f  c 
modulus a t  ambient and high pressures 2s Peinci 
pursued. 



SURFACE PHENOMENA 

The importance of Surface Phenomena on the nature and prcpe,f*- "es I c^ 

ceramic mate ri al s just i  f i e s  our rlesearch on surface energy, A ~ T ? : ~  i + " -  s 15- 
viously included in other areas in previous reports t hese  projec-: z - e  
separately identified in th i s  report, 

Faculty Supervisor: William D, Scott 
Associ ate Professor, Ceramic Engineerjt: J 

Graduate Assistant: G ,  Achutaramayya, Ph .  D, Candidate 
Predoctoral Associate I I 

Objective: "fhe purpose s f  th i s  project i s  "17 dde-tek-l~ire ;712 
relative interfacial  energy of l o w  angl[: 1 - S I C -  
cation wall t i l t  boundaries fotmed by spa:  3' - ' z a  - 
tion of deformed aluminum oxide crys t a 3  ;, 

Faculty Supervisor: William D, Scott 
Associ ate Professor, Cerami c En y ~ n e e r ~  ~ J S  

Graduate Assistant: Robert W, Burns, P h ,  D. Candjdake 
Predoctoral Associate I I  

Objective: To measure the mobi 1 i t y  of we1 1-charact?r- zed I clfl 
angle grain boundaries under the influ?.rce :r sw-- 
face energy and e l ec t r i c  f ie ld  drivkng t o r c  5 

Faculty Supervisor: Wi 1 liam D, Scott 
Associate Professor, Gerami c Engirreerir;y 

Graduate Assistant : 0. M, Bhandari , M,S, Candi da t e  
Research Assistant 

Objective : To evaluate technique s f  thermal g roav i l ry  s: E 
method of  measuring interfacial  energ:/  air:^ 2 

measure twin boundary energy i n  aluixin?,  

Surface Diffusion Studies 

Faculty Supervisor: Alan D, Miller 
Assistant Professor, Cerami c Engineer;.; 

Graduate Assi s tant :  Edward $4, Randklev , P h ,  D, Candidate 
Predocdoral Research Associate I I 

Objective : This study i s  concerned wi t h  the  qhen;i.;,lrat- ; ' 
l inear  thermal facetisag on surfaces o "  s P  73 e 
crystal aluminum oxide. The study of :he c r l b : e k .  
and morphology of these facets i s  expeck: ,c 2 )  :- 
vide infomation ref a t i v e  t o  surface d i  f f ~ s  co 
rakes in specif ic  crystallographic di i ;~-k  5 



ATOMIC A N D  MOLECULAR EFFECTS 

Research in th i s  area consists of  studying the electronic p r o i x r t  :s 
of ceramic materials, principally metal carbides o r  related s t r u c t c r i s ,  
Ln an attempt to  gain fur ther  understanding o f  atomic b o n d i n g  and ck2+;: 
transfer.  Also, research on radiation ef fec ts  upon ceramic materia;? " 
included. 

Faculty Supervisor: James I ,  Mueller 
Professor, Ceramic Engineering 

Graduate Ass"istant: Coimbatore S, Kri shnan, Ph.D,  Candidate  
Predoctoral &search Associate 1 

Objective : "[a understand the luminescence mecha~f srn OF 
impurity ions in u l t r a  violet  irradiated 
Mg0 single crystals assing therme17 uminesce-t:? 
and electron spin resonance techniques w i t ( (  
compensating ions. 

Faculty Supervisor: James I ,  Muel l e r  
Professor, Ceramic Engineering 

Graduate Assistant: John Wusin, Ph. D, Candidate  
Predoctoral Research Associate I 

Objective: The purpose o f  t h i s  research i s  t o  stud;; 
pre-.existhny de.fects i n  sappilire and  t h e  
of  U-V colors 641-1 optical degrada t ion  -In 



Domain Dynamics In Isomorphous Ferroelectrics 

Faculty Supervisor: John L. Bjorkstam 
Professor, Electrical Engineering 

Graduate Assistants: Guy J .  Adriaenssens, Ph.  D. Candidate 
Predoctoral Research Associate I1 

James A. Ai kins (Unsupported), M.S. Candidate 
Research Assistant, Electrical Engineering 

Objective: To relate  cooperative atomic effects  near t h e  
phase transit ion in KH PO and ( K D P )  type 
ferroelectr ics  t o  macrascopic d ie lec t r ic  
phenomena; particularly domain formation and 
propagation. 

Studies on GASH 

Faculty Supervisor: E. C. Lingafelter 
Professor, Chemistry 

Graduate Assistant: Louis P.  Torre, Ph .  D. Candidate 
Predoctoral Research Assistant 

Objective : To use x-ray crystallography to determine the 
structural changes which occur when the ferro- 
e lec t r i c  material Guanidini um Chromium Su l fa t e  
Hexahydrate i s  subjected to  an e l ec t r i c  f i e l d ,  
and t o  infer  the mechanism for  the rearrangements, 
Hysteresis loops of the crystal will be moni tored 
t o  indicate change in the d ie lec t r ic  properties 

White A 1  lotropi c Graphite 

Faculty Supervisor: David B. Fischbach 
Research Associate Professor 
Ceramic Engineering 

Graduate Assistant: Robert M. Haugen, M. S. Candidate 
Union Carbide Grant-in-Aid 

Objective : Attempt t o  verify the existence of a reported 
new a1 lotrope of crystal l ine carbon and de- 
fine conditions under which i t  forms. 



The Magnetic Behavior and Structure of Carbon Fibers 

Facylty Supervisor: David B, Fischbach 
Research Associate Professor, Ceramic Engineering 

Graduate Assi s tant :  C. Bruce Scot t ,  M.S. Candidate 
Research Assi s tan t  

Objective: To measure the diamagnetic susceptibi 1 i t y  of  
carbon fibers and relate  i t  t o  the structure 
t o  obtain further insight into the nature of 
these unique materials. 

M6s sbauer Studies 

Faculty Supervisor: Robert L ,  Hngalls 
Associate Professor, Department of Physics 

Graduate Assistants : Gerald A. Eri ckson , Ph.  D. Candidate 
Predoctoral Research Associate I I 

John R e  Nett, Ph.D. Candidate 
Research Assistant 

C. D, West, Ph.D. Candidate 
Predoctoral Research Associate I I 

Objective: One object of th is  program i s  t o  apply t h e  Mbss- 
bauer e f fec t  t o  study properties of various mater- 
i a l s  with emphasis on atomic force consLants inter- 
atomi c potenti a1 s ,  electron valence s ta tes  and 
distributions.  

Liquid Gl ass Phase Trans i t i  on Study 

Faculty Supervi sor : Edward A. Stern 
Professor, Department of Physics 

Graduate Assistant: Dale Sayers, P h .  D. Candidate (Unsupported) 
Predoctoral Research Associate 

Objective: A program o f  specif ic  heat and extended x-ray 
absorption f ine structure measurements o f  amor- 
phous sol ids  i s  also in progress. I t s  purpose 
i s  t o  examine the nature of the liquid t o  g lzssy  
s t a t e  transit ion. 

Impurity Diffusion i n  MgO Under the Influence of an Electr ic  Field 

Faculty Supervisor: Wi 1 l i am D, Scott 
Associate Professor, Gerami c Engineering 

Graduate Assistant: Chester A, Hinman (on  leave) Ph.D. Candidate 
Ceramic Engineering 

Objective: The purpose o f  t h i s  project was t o  measure t h e  
diffusion o f  Ni in MgO a t  high temperatures in 
an e l ec t r i c  f ie ld ,  Ini t i  al experiments disc7osed 
anomalous reduction of the nickel impurity and  
apparent e lectrolysis  of the MgO under the a p p l i e d  
f ie lds ,  The project was then modified t o  invest;- 
gate D, C. conductivity mechanisms. 



PROCESSING 

Research in t h i s  area i s  intended t o  gain basic information on 
processes used for  fabricating ceramics. 

Compact i on 

Faculty Supervisor: 0. J. Whittemore, Jr .  
Professor, Ceramic Engineering 

Graduate Assistants: Daniel B. Leiser , Ph.  D. Candidate 
Predoctoral Research Associate I1 

A r u n  K. Chattopadhyay, M.S. Candidate 
Research Assistant 

Objective : To study compaction of cerami c par t ic les ,  
S ta t i s t i ca l  analyses are being made of the 
interrelationships of variables in compac- 
tion including; materi a1 , part ic le  s i ze ,  
par t ic le  shape, compact ion rate.  

Sinter ing 

Faculty Supervisor: 0. J. Whittemore, J r .  
Professor, Ceramic Engineering 

Graduate Assistants : J.  Joseph Sipe, Ph .  D. Candidate 
Predoctoral Research Associate I1 

K. Aihara, Ph.D. Candidate 
Research Assistant 

Objective: To study the i n i t i a l  stage of sintering 
where pore growth occurs. Pore growth has 
been shown to occur during the i n i t i a l  
sintering of Fe 0 and MgO, and under 
certain condi t i & ? ,  Al2O3 



The Graphitization Process 

Faculty Supervisor: David B. Fischbach 
Research Associ a te  Professor 
Ce rami c En gi nee ri ng 

Objective: The influence of various m i  c ros t ructural  and 
processing parameters ( i n i t i a l  microstructure , 
in ternal  s t r e s s ,  hot deformation, e t c , )  on *he 
development of c ry s t a l l i ne  order i n  i n i t i a l l y  
disordered carbons i s  being investigated t o  ga in  
a b e t t e r  understanding of graphit ization process, 

The Structure and Graphitization Behavior of Pyrolytic 
Carbons De~osi  ted in a Fluidized Bed 

Faculty Supervisor: David B. Fischbach 
Research Associ a te  Professor 
Cerami c Engineering 

Graduate Assistant : Ronald L. Qeat ty  , Ph. D. Candidate 
Union Carbide Predoctoral Fell ow 

Objective: To invest igate  the  influence of i n i t i a l  
as-deposi ted microstructure on the  
graphit ization behavior of pyrolyti c 
carbons with a wide range of s t ruc tures ,  



MISCELLANEOUS 

Research l i s ted  in th i s  category does not necessarily f a l l  under 
one of the energy-envi ronment areas. Certain research projects included 
herein are used as p i lo t  studies for  possible future expansion. 

Carbon as a Biomedical Material 

Faculty Supervisor: David B. Fischbach 
Research Associate Professor, Ceramic Engineering 

Graduate Assistants : J. Ni l l e s  
Research Associate, Biomedical Engineering 

M,  Lapi tsky, M.S. Candidate 
Research Assistant, Office of Engineering Research 

Objective: The su i t ab i l i t y  of carbons and graphites as 
bone implant materials i s  being investigated 
with speci a1 attention t o  factors affecting 
bone i ngrowth and adherence. 

Devi t r i  f i  cation of Glass t o  Cerami c Seals 

Faculty Supervisor: Jqmes I .  Muel l e r  
Professor, Cerami c Engineering 

Graduate Assistant: Alan T. Dull, M.S. Candidate 
Tektronix, Research Fell ow 

Objective : The purpose of th i s  research i s  t o  determine 
the mechanism of devi t r i f i ca t ion  of glasses 
and for  glass t o  ceramic seals .  

Materials Characterization 

Faculty Supervisor: James I .  Mueller 
Professor, Ceramic Engineering 

Graduate Assistant: Alan T. Dull, M.S. Candidate 
Research Assistant 

Objective: This was a p i lo t  study on the nature and propsrties 
of ceramic f iber  materials and the effects  of 
time and temperature upon thei r devi t r i  f i cadi on ,  
(Project participants included four members o f  the 
ceramic engineering faculty and 6 otherwise 
supported graduate students. ) 



REFRACTORY SURFACE INSULATION 

This research, i n i t i a t e d  as a p r o j e c t  w i t h  g r a n t  support,  i s  cur- 
r e n t l y  being funded by a c o n t r a c t  w i t h  NASA Ames Research Center. I t s  
o b j e c t i v e  i s  t o  ob ta in  fundamental i n fo rma t ion  which w i l l  l e a d  Lo a pro- 
per  understanding o f  ma te r i a l s  being considered f o r  space s h u t t l e  whose 
c h a r a c t e r i s t i c s  and p rope r t i es  may be a f f e c t e d  by the  severe env i  ronmnt 
t o  which they may be exposed i n  use. 

E f f e c t  o f  Thermal Environments on F ibers  and Uncoated T i l e s  

Facu l ty  Supervisor:  James I, Muel le r  
Professor,  Ceramic Engineering 

Research Associate: Daniel  B, L e i s e r  
Research Associate, Cerami c Engineering 

Graduate Assis tants:  Alan D. D u l l ,  M.S. Candidate 
Research Ass i s tan t  

J e r r y  Jermann , M. S. Candidate 
Research Ass i s tan t  

Object ive:  To determine the e f f e c t  o f  t ime and temperature 
on devi tri fi c a t i  on reac t i on  p rope r t i es  and morph- 
ology o f  "as-received" f i b e r s  and t o  study t h e  
e f f e c t s  o f  processing on these mater i  a1 s , 



Appendix B 

PAPERS AND PUBLICATIONS 

PAPERS PUBLISHED 

"Fracture Induced in  A1203 Bi c ry s t a l s  by Anisotropic Thermal Expansion ," 
Henry Y. B. Mar and W. D. Sco t t ,  Journal of the  American Ceramic Society 
53 (10) 555-558 (1970). - 

"Effect  of Impurities on t he  Mechanical Behavior of MgO," M. Srinivasan 
and T. G. Stoebe, --  J.A.P. 41 3726, August 1970. 

"Effects  of Lat t ice  Defects on Thermoluminescence i n  L i t h i u m  Fluoride Crys- 
tals,'". G. Stoebe, G. M. Guilmet and J .  K. Lee, Radiation Effects  - 4 189 (1970)- 

"Single-Crystal Growth of Magnesium Oxide by the  Flux Method," H .  Vora and 
R. R. Zupp, Materials Research Bullet in 5, 977-982 (1970). 

"Dynamics In Isomorphous Ferroelectr ics ," J .  L. Bjorkstam, J .  Phys. Soc. - 
Japan - 28, Supplement, 101 (1970). 

"MGssbauer Study of Low Temperature Anharmoni ci  t y  i n  Tho : ~o~~ ," H. Shechter , a J .  G. Dash, G. A. Erickson and R. Ingalls, Physical Revie 28 613 (1970), 

"Pree~aration of Samples f o r  Sinter ina  of submicron Par t i c les  b y  Transmi s s f  on 
~ l e c t r o n  ~ i c r o s c o ~ ~ ' , "  J .  J .  Sipe andwO. J .  Whittemore, ~ o u r n a l -  of the h e r i  can 
Ceramic Society - 53, 9 ,  525 (1970). 

"Compaction Behavior of Ceramic Par t i c les , "  D. B. Leiser and 0. J .  Whitdemore, 
Jr.,American Ceramic Society Bul le t in ,  - 49, 8 ,  714-7 (1970). 

"Effect  of Work Hardening, S t ra in  Rate and Impurity Content on the  Work Hard- 
ening Character is t ics  of  L i F  Single Crystals ,"  H. L. Fotedar, T. G. Stoebe, 
Philosophical Magazine, - 23, 859-867 (1971). 

"The Kinetics and Mechanism of Graphitization ," D. B. Fischbach, 
and Physics of Carbon, P. L. Walker, J r . ,  e d i t o r  (Dekker, New Yo 
p p  1-105, t-ebruary, 1971. 

"The Graphitization Process," D. B. Fischbach, Tauso (Japanese Carbon Jou rna l )  
l a t e  1970 and ea r ly  1971, pp. 115-120 (exact  reference not y e t  avai lable)  

"Tensile Creep Behavior of Glassy Carbon ,'I D. B. Fischbach, Carbon - 9 ,  
193-203 (1971). 

"An Economical and Demountable Diffusion-Pump Cold Trap ," W. M. Ziniker,  
The Journal of Vacuum Science and Technology, Vol 7 ,  No. 6 ,  Nov./Dec, 1970, 

"Appropriate Cerami c Materials Research a t  t he  University of Washington 
James I.  Mueller, Proceedings of the  17th Annual Composite Working Group 
Meeting, 1970. 

"A Lime Refractory f o r  High Temperature Use," J .  T. Benson, 0. J .  Whitternore, J i r e ,  

American Ceramic Society Bul le t in ,  a, 6 545 (1971). 



PAPERS PRESENTED 

"Current Problems in In terpre ta t ion of U1 t r a - so f t  X-ray Spectra,'" 9.. Rue 
and A. D .  Mi l ler ,  presented a t  the 23rd Pacif ic  Coast Regional Meetjng sf 
the American Ceramic Society,  San Francisco, October 30, 1970. 

"Chemical Bonding i n  Refractory Metal Compounds," A.D .  Mil ler  presented 
a t  the 23rd Pac i f i c  Coast Regional Meeting of the American Ceramic Society, 
San Francisco, October 30, 1970. 

"The Mechanism of Graphit izat ion," presented a t  the j o i n t  NSF-JSPS Summer 
Seminar on Carbon Materials ,  Wakayam, Japan, 3-5 September, 1970. 

"Pore Growth During the I n i t i a l  Stages of Sinter ing,  " J . J .  Sipe, 
0. J .  Whi ttemore, J r ,  presented a t  the American Ceramic Society Meeting, 
Basic Science Division, Chicago, I l l i n o i s ,  April ,  1970. 

"Ceramic Powder Compaction by Pa r t i c l e  Fracture Using a Glass Sphere Model s ' '  

D .  J .  Cal kins, 0. J .  Whi ttemore, J r . ,  presented a t  the American Ceramic 
Society Annual Meeting, Refractories Division, Chicago, I1 l i n o i s ,  Apri 1, 1977. 

"Specimen Geometry Effects  and Deformation Character is t ics  in Ionic Crystals 
H . L .  Fotedar, T.G. Stoebe, presented a t  the Spring Meeting of the Metallurgi- 
cal Society,  Atlanta,  Georgia, May, 1971. 

"Deformation Character is t ics  of Li F Single Crysta ls ,  H . L .  Fotedar, 
T.G. Stoebe, presented a t  the Spring Meeting of the Metal1 urgical Socie ty ,  
Atlanta,  Georgia, May, 1971. 

"Ceramic Surface Insulat ion f o r  Space Shut t le ,"  J .  I .  Muel l e r ,  presented 
a t  the 25th Tri-Section Meeting of the Paci f ic  Northwest sections o f  "ce 
American Ceramic Society i n  Portland, May 1971. 



PAPERS ACCEPTED FOR PUBLICATION 

"Work Hardening Characteristics of LiF Single Crystals," H .  L .  Fotedar and 
T. G .  Stoebe, Phil. Magazine in press. 

"The Graphi t i  zati  on Process," D.B. Fischbach , - Tauso, ( Japanese Carbon 
Journal ) . 
"Compressive Creep of Aluminum Oxide Single Crystals ," W.D. Scott ,  
R .  L. Bert01 o t t i  , Journal of the Ameri can Cerarni c Society. 

PAPERS SUBMITTED FOR PUBLICATION 

"Ceramic Powder Compaction Studies Using a GI ass Sphere Model ," D o  3. Cal k i n s  
and 0. J .  Whi ttemore, J r . ,  submitted for  presentation a t  the annual meet"wg 
of the American Ceramic Society, May 1971. 

"Specimen Geometry Effects and Deformation Characteristics in Ionl" c Crystals ,'" 
H . L .  Fotedar, M .  Srinivasan, D.A. Wilson and T.G. Stoebe. 



THESES PUBLISHED 

"Low Frequency Dielectric Relaxation in Potassium Dihydrogen Arsenate 9 ' n  

James A. Aikins, M.S., Electrical Engineering 

"Interfacial Energy of Twin Boundaries in A1 uminum Oxide ,I" 

Om Bhandari , M. S., Ceramic Engineering 

'Welting of Zirconia by Electron Beam Heating and Calculation of Surface 
Tension of Liquid Zirconia," 
Ramgopal Darol i a ,  M. S., Metallurgical Engineering 

"Devitri f ication of Lead Zinc Borosi l i  cate Solder Glass ," 
Alan Dull, M.S., Ceramic Engineering 

"The MBssbauer Effect of ~e~~ in Thorium Oxide," 
Gerald Erickson, Ph.D., Physics 

"Variables in Ceramic Powder Compaction ," 
Daniel B. Leiser, Ph.D., Ceramic Engineering 

"Thermoluminescence in Ultraviolet Irradiated Magnesium Oxide Single Crystals3" 
Jack K. Merrow, Ph.D., Ceramic Engineering 

"Fracture Behavi or of Polycrystall ine BaTiOg ,I' 
Sang Moo Park, M.S., Ceramic Engineering 

"The Magnetic Behavior and Structure of Carbon Fibers," 
C. Bruce Scott ,  M.S., Ceramic Engineering 

"Pore Growth During the In i t i a l  Stages of Sintering," 
John J .  Sipe, Ph.D. ,  Ceramic Engineering 

"Determination of Ultrasonic Compression and Shear Ware Velocities i n  
Protoenstatite as a Function of Density," 
Derril l e  K. Thayer, M.S., Ceramic Engineering 

"X-ray Studies of Three Coordination Compounds," 
Louis P .  Torre, Ph. D . ,  Chemistry 

"Single Crystal Growth of Magnesium Oxide by the Flux Method,'" 
Harshadri Vora, M.S., Metal lurgi cal Engineering 



Appendix C 

REFRACTORY SURFACE INSULATION VISITATIONS 

October 26, 1970 Lockheed Missile and Space Corporation, Burbank, 
Cal i forni a 

2 7 Lockheed Missi l e  and Space Corporation, Palo A1 t o ,  
Cal i forni a 

30 NASA-Ames Research Center, Sunnyvale, Cal i forni  a 

Nov. 16 McDonnell -Doug1 as Aerospace Corp. , St. Louis , Mo, 

Dec. 10 NASA-Langley Research Center, Newport News, Va, 

Jan. 25, 1971 Johns-Manvi l l e  Fiberglass Research, Watervi lie, Ohio 

2 6 Grumnan Aerospace Corp., Beth Page, N .  Y. 

2 7 North American Rockwell Corp., Washington, D. C, 

2 9 Babcock-Wi 1 cox, Corp. , Augusta, Ga. 

Feb. 1 * McDonnel l-Douglas Aerospace Corp. , St .  Loui s , Ms, 

2 * NASA-Manned Spacefl i ght Center, Houston, Texas 

3 * General E lec t r i c  Space Science Laboratory, Val ley Forge, 
Pa. 

3 * NASA Headquarters, Washingt~n, D. C. 

23 Lockheed Missile and Space Corporati on, Sunnyvale, Cal i f, 

23 NASA-Ames Research Center, Moffett Field,  California 

March 16-18 Marshal 1 Space Fl igh t  Center, Huntsvi 11 e , A1 abama 

19 NASA-Langley Research Center, Newport News, Va, 

April 30 Battel l e  Memorial I n s t i t u t e ,  Columbus, Ohio 

*These v i s i t s  made as ex o f f i c i o  member of NASA -- ad hoc committee 
consist ing of: 

Mr. Loui s Vosteen, NASA-LaRC 
Mr. James J. Gang1 e r  , NASA-OART 
Mr. Norman Pei 1 , NASA-OMSF 



Appendix D 

GRADUATE DEGREES AWARDED 

MASTER OF SCIENCE 

James A. Aikins ,  M.S. i n  E l e c t r i c a l  Engineer ing,  March, 1970. 

Om Bhandari ,  M.S. i n  Ceramic Engineer ing,  March, 1971. 

Ramgopal Daro l ia ,  M.S. i n  Meta l lu rg ica l  Engineering, December, 1970, 

Alan Dull ,  M.S. i n  Ceraniic Engineer ing,  March, 1971. 

Sang Moo Park,  M.S. i n  Ceramic Engineer ing,  March, 1971, 

C. Bruce S c o t t ,  M.S. i n  Ceramic Engineering, March, 1971. 

D e r r i l l e  K. Thayer,  M.S. i n  Ceramic Engineering, March, 1971. 

Harshadari  Vora, M.S. i n  Metal 1 urg ica l  Engineer ing,  August, 1970, 

DOCTOR OF PHILOSOPHY 

Gerald Erickson,  Ph.D. i n  Physics ,  March, 1971. 

Daniel B. Le i se r ,  Ph.D. i n  Ceramic Engineer ing,  March, 1971. 

Jack K. Merrow, Ph.D. i n  Ceramic Engineer ing,  August, 1970. 

John J. S i p e ,  Ph.D. in  Ceramic Engineering, December, 1970. 

Louis P. To r r e ,  Ph.D. i n  Chemistry,  June,  1970. 



Appendix E 

CERAMIC MATERIALS RESEARCH SEMINARS 

"Composites Materials," Mr. S. W. Bradstreet, Consultant, Dayton, Ohio, 

"Pore Growth During the In i t i a l  Stages of Sintering," Mr. John J .  Sipe, 
Predoctoral Res.earch Associate, Ceramic Engineering. 

''High Temperature Materials for  Space Shuttle ,'I Mr. Ronald Torgorson , Bseing 
Company, Seat t le ,  Washington. 

""Study of Valence Band Structure for  Soft Emission," Mr. James Rue, Predoetoral 
Research Associate, Cerami c Engineering. 

"Variables in Ceramic Powder Compaction," Mr. Daniel B. Leiser, Predoctoiral 
Research Associate, Ceramic Engineering. 

"The Magnetic Behavior and Structure of Carbon Fibers , I 1  Mr. C. Brice Sco. t t ,  
Research Assistant, Ceramic Engineering. 

"Vibrational Spectra of ZrC Carbide ,I1  Mr. Jack Surendranath, Research 
Assistant, Chemistry. 

"Radiation Damage in Sapphire and Ruby," Mr. John M. Rusin, Predoctoral 
Research Associ a t e ,  Ceramic Engineering. 

"Interfaci a1 Energies of Ti 1 t Boundaries in Alumina," Mr. Gaddipat-s" 
Achutaramayya, Predoctoral Research Associate, Ceramic Engineering, 

"Interfacial  Energy of Twin Boundaries in Alumina," Mr. 0. M. Bhandari, 
Predoctoral Research Associate, Ceramic Engineering. 

"Fracture Processes in Cerami c BaTiOg," Mr. Sang Moo Park, Research 
Assistant, Ceramic Engineering. 

""Dvitrification of Lead Zinc Borosilicate Solder Glass," Mr. Alan D u l l ,  
Research Assistant, Ceramic Engineering 

"Powder Growth Characteristics of Decomposed MgO ," Mr. K. Ai hara, Research 
Assistant, Ceramic Engineering. 



Appendix F 

RESULTS OF QUESTIONNAIRE, DECEMBER REPORT 

COPY OF QUESTIONNAIRE 

Report 
No, 

Please send me t he  complete report  on the projects  whose numbers are c i rc led ,  

Report 
T i t l e  (Supervisor) No. 

X-ray Emission (ADM) 17 Surface Diffusion Studies ( A D M I  
Raman Studies (JWM) 18 U V  Photolysis (JIM) 
Zirconium Oxidation (TFA) 19 I r radia t ion Dama e (JIM) 
High Temp. Calorimetry (ADM) 20 Domain Dynamics qJLB) 
Gas-Sol id  Equilibrium (JIM) 21 Studies on GASH (ECL) 
Sol id-Sol id  E ui librium ( N W G )  22 Compaction (OJW) 
ZrC Coatings ? U S )  23 Sinter ing (OJW) 
Defect Propert ies (TGS) 24 Graphitization ( D B F )  
Mechanical Behavior of Carbon Fibers(DBF) 25 Graphitization of Pyrolyta'c ~ a r b o n s ( D B F )  
Continuum Stress  Analysis (BJH) 26 White A1 lo t rop ic  Graphite ( D B F )  
Thermal St resses  in Crystal Ceramics(MDC) 27 Magnetic Behavior of Carbon Fibers (DBF) 
St ra in  Energy (RJC) 28 Carbon, Biomedical (DBF) 
Residual Stresses (RJC) 29 Mb'ssbauer Studies ( R L B )  
In te r fac ia l  Energy (WDS) 30 Glass Phase Transi t ion S tudy  (EAS) 
Mobil i t y  of Grain Boundaries (WDS) 31 Impurity Diffusion in MgO (WDS) 
Deformation Twin Boundaries (WDS) 32 Devi t r i f ica t ion of GI ass t o  Ceramic 

Seals (JIM) 

Your s t a t u s  report  i s  c i rcula ted t o  members of our s t a f f .  
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