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.I. 

QUARTERLY PROGRESS REPORT"' 

A STUDY OF TUNGSTEN-TECHNETIUM ALLOYS 

OCTOBER 1, 1964-JANUARY 1, 1965 

INTRODUCTION 

Technet ium is a sister element  t o  rhenium and has  m a n y  p r o p e r t i e s  

It is predicted that  technet ium w i l l  have about that  are s i m i l a r  t o  rhenium.  

the s a m e  effects  on tungsten as rhenium in  r e g a r d  to  i n c r e a s e  in  work-  

abi l i ty ,  lowered ductile t o  b r i t t l e  t rans i t ion  t e m p e r a t u r e ,  and improved  

duct i l i ty  . 
The object ives  of the cur ren t  work are  to  r e c o v e r  technet ium from 

f i s s ion  product was te s  a t  Hanford Atomic P r o d u c t s  Operat ion and r educe  t o  

purif ied meta l ;  p r e p a r e  W - T c  al loys containing u p  to  50 a t .  70 Tc; f ab r i ca t e  

the al loy ingots t o  shee t  s tock ,  a s ses s ing  the effect  of technet ium on work-  

abil i ty;  and p e r f o r m  meta l lurg ica l  and mechan ica l  p rope r ty  evaluation of 

the  fabr ica ted  al loys.  

P rev ious  r e p o r t s  in th i s  s e r i e s  have desc r ibed  the separa t ion  and 

purif icat ion of 800 g of technetium m e t a l  powder and ini t ia l  mel t ing and 

fabr ica t ion  a t t empt s  with pure  technetium meta l .  

CURRENT PROGRESS 

During the past  q u a r t e r  tungsten and technet ium powders  w e r e  

weighed, blended, and p r e s s e d  i sos ta t ica l ly  i n  a rubbe r  mold to  f o r m  

compac t s  f o r  a r c  mel t ing.  

coinpacts  of each  of the  following composi t ions:  tungsten,  and W-2.5, 5, 

10,  20, 30,  40, 50, and 60  a t . %  Tc.  Tungsten powder with an  ave rage  

pa r t i c l e  d i ame te r  of 0. 7 1  + obtained f r o m  G e n e r a l  E l e c t r i c  Company, 

Cleveland,  Ohio w a s  used  in  t h i s  work.  

given in  Table  I. 

Eighteen 35 g compac t s  w e r e  made  with two 

The  ana lys i s  of th i s  m a t e r i a l  is 

::: P r e v i o u s  Repor t s :  HW-83550, Q u a r t e r l y  P r o g r e s s  Repor t  
Apri l  1, 1964-July 1, 1964 

HW-84309, Q u a r t e r l y  P r o g r e s s  Repor t  
Ju ly  1, 1964-October 1, 1964 
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Element  

2 

TABLE I 

HW - 84550 

IMPURITY ANALYSIS- -TUNGSTEN POWDER 
G E  Lot # UO. 75-4456 

PPm 

Spect rographic  Analysis  
A1 .< 6 

Ca 11 

Si  ;7 

Mo  2 1  

Fe 5 

C r  5 

Flame Photometry  Analysis  

N a  11 

K 2 

Leco  Analysis  

Oxygen 
Nit r o ge n 

C a r b o n  

2411 

106 k 11 

.:lo 

Element  

N i  

c u  

Mn 

Mg 
Sn 

PPm 

T h e  hood used  fo r  handling the  powders  and loading and unIoading 

the  compact ing d i e  is shown i n  F i g u r e  1. 

mold ,  plugged at both ends  and the mold wrapped  with thin p las t ic  and 

sea l ed .  

F i g u r e  2. 

the  hood. 

r e c o v e r y  of tungsten plus  technet ium through the  weighing, blending, and 
compact ing  w a s  99. 45,. 

Loose  powder  w a s  loaded in  the  

The  m a t e r i a l  w a s  p r e s s e d  to  70, 000 p s i  i n  the  conta iner  shown i n  

T h i s  p rocedure  comple te ly  e l imina ted  any  contaminat ion outs ide 

Typical  a s - p r e s s e d  compac t s  a re  i l l u s t r a t ed  in F i g u r e  3. T o t a l  

A r c  melt ing w a s  a t tempted  using a s - p r e s s e d  c o m p a c t s  with a w a t e r  

cooled copper  hea r th ,  tungsten e l ec t rode ,  evacuated  c h a m b e r  back f i l led 

with a rgon ,  and f i r s t  ge t t e r ing  by melt ing a z i r con ium button. The  corn- 

pac t s  w e r e  difficult to  s t r i k e  the  arc  on, did not conduct w e l l  and were  

g a s s y  i n  mel t ing ,  A l l  i n t e r i o r  s u r f a c e s  of the c h a m b e r  w e r e  cove red  with 
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a black deposit  that  made  subsequent mel t ing m o r e  difficult. I t  was  p r e -  

sumed  that  oxygen content of the  powder, adsorbed  g a s ,  and re ta ined  gas  

in  the  compacts  w e r e  respons ib le .  

w e r e  loaded in  an  i r o n  boat i n  a pyrex tube furnace  r e t o r t  and heated in 

u l t r apur i ty  hydrogen t o  r emove  res idua l  mo i s tu re  and r educe  both tungsten 

and technet ium oxides ,  i f  p r e sen t .  The  t e m p e r a t u r e  w a s  i nc reased  slowly 

ove r  a 4 h r  period t o  1000 C and held f o r  1 h r  and the m a t e r i a l  w a s  cooled 

in  hydrogen.  Mois ture  format ion  in the  exit  g a s  w a s  observed  and subse -  

quent weighing showed a re la t ive ly  uniform weight loss of about 0. 15 g 

p e r  35 g compact .  

s in t e r ing  without difficulty. 

0. 25 t o  1. 60 g. 

T h e  balance of t he  al loy compacts  

A r c  mel t ing was accomplished a f t e r  the  hydrogen 

Weight l o s s e s  during mel t ing  ranged f r o m  

A l l  i n t e r io r  s u r f a c e s  of the me l t  chamber  w e r e  contaminated to  a 

leve l  of about 50 ,000  coun t s /min  even though in t e rmed ia t e  c leaning of the 

h e a r t h  was done between melt batches.  

in  a nonsmearable  condition a f t e r  only surface wiping. 

l eve l  of the  al loy buttons is shown in  F igu re  4. T h i s  r e s u l t s  predomi-  

nant ly  f r o m  the Tcg9 beta  act ivi ty  and is reduced rapidly with dis tance 

or  e a s i l y  shielded with plast ic .  

The mel ted  buttons w e r e  removed 

The  radioact ivi ty  

The  h a r d n e s s  of the  al loys w a s  taken  on the  a s - c a s t  buttons and is 

An in i t ia l  d e c r e a s e  in h a r d n e s s  is shown with a mini -  shown i n  F i g u r e  5. 

m u m  at  2 .5  t o  3 .5  a t .  70 Tc. 
rhenium additions i n  tungsten,  molybdenum, and chromium'  ' 

a t t r ibu ted  p r i m a r i l y  to  a reduction in  in t e r s t i t i a l  solubili ty.  

addi t ions of technet ium cause  a n  i n c r e a s e  i n  r o o m  t e m p e r a t u r e  h a r d n e s s ,  

p r e s u m e d  t o  be due to  sol id  solution hardening. 

40 a t . %  Tc a change i n  the  ha rdness  cu rve  is noted that  probably r e p r e -  

s e n t s  t he  extent of sol id  solubility i n  the nonequilibrium cas t  s t r u c t u r e ,  

with f u r t h e r  i n c r e a s e s  being due to inc reas ing  quant i t ies  of a second phase  

in  the s t r u c t u r e .  Dur ing  load application in  the h a r d n e s s  t e s t s  with a l loys  

containing 5 at .  70 Tc o r  g r e a t e r  audible deformat ion  w a s  not iced,  indicating 

m a j o r  deformation by twinning. 

h a r d n e s s  i m p r e s s i o n  i n  pu re  technetium is shown in  F i g u r e  8 .  

S imi la r  r e s u l t s  have been observed  f r o m  

and are  

F u r t h e r  

. 
In the  r ange  of 30 to  

Twinning deformat ion  around a m i c r o -  
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The  a s - c a s t  a l loys are  shown in  F i g u r e  6. A change in  s u r f a c e  

appearance  is noted with even  m i n o r  technet ium addi t ions and t h i s  f r o s t y ,  

dull  s u r f a c e  is pronounced in  a l loys  of 20 a t . %  o r  m o r e .  

are  being p repa red  fo r  examinat ion of the  m i c r o s t r u c t u r e ,  m i c r o h a r d n e s s ,  

X - r a y  identification of phases  p r e s e n t ,  and fabr ica t ion  t o  shee t .  

T h e s e  m a t e r i a l s  

A s m a l l  quantity of as -hydrogen-  reduced  technet ium pow d e r  w a s  

mounted i n  lucite and polished f o r  meta l lographic  examinat ion  in  a t t empt s  

to identify any Tc02 p resen t .  No second phase  inclusions w e r e  obse rved .  

The  m a t e r i a l  is a sponge,  as shown in  F i g u r e  7,  not a dense  powder.  T h e  

pa r t i c l e  s i z e  could no doubt be reduced  by gr inding.  

One of the e l ec t ron  beam mel ted  pu re  technet ium buttons desc r ibed  

in  the  prev ious  r e p o r t  w a s  p repa red  f o r  meta l lographic  examinat ion.  Wide 

var ia t ion  i n  gra in  s i z e  w a s  obse rved ,  l a r g e l y  due t o  d i f fe rences  i n  solidifi-  

ca t ion  rate produced by a small area in  contact  with the w a t e r  cooled 

c ruc ib l e .  T h e  m a c r o s t r u c t u r e  and typ ica l  m i c r o s t r u c t u r e s  are  shown in  

F i g u r e s  8 ,  9 ,  and 10. T h i s  m e t a l  w a s  free of the  inc lus ions  obse rved  in  

unalloyed arc  melted technet ium in the polished condition. The  h a r d n e s s  

va r i ed  f r o m  DPH 108 t o  134 ( 1 2 0  a v e r a g e )  i n  con t r a s t  t o  113-189 (140 

ave rage )  fo r  the a r c  mel ted  m a t e r i a l .  Extens ive  twinning is again evident 
in  the  s t r u c t u r e ,  evidently r e su l t i ng  f r o m  cool ing 
p a r a m e t e r s  de te rmined  f o r  t h i s  s ample  w e r e  a = 

and the  c / a  r a t io  = 1. 604. T h e s e  va lues  c o m p a r e  

(3) a = 2 .  714 i, co = 4 .400  r epor t ed  by Niemiec;  

0 

0 

stresses. The  l a t t i ce  

2.7414 A ,  co = 4.3997 A ,  

favorably  with those  

A ,  c / a  = 1.605.  

3 0 

0 

The s a m e  e l ec t ron  beam mel ted  button, approximate ly  3 / 8  in. in  

d i a m e t e r ,  w a s  vacuum encapsulated in  a heavy wal led molybdenum con- 

t a i n e r  1 in.  i n  d i ame te r  and 0.850 in. high. T h i s  a s s e m b l y  w a s  hea ted  t o  

1540 C and p r e s s  forged t o  0.375 in. height i n  one p a s s .  

w a s  removed chemical ly  us ing  an  acid solut ion containing 1 p a r t  H 2 0 ,  

1 p a r t  H N 0 3 ,  and 1 p a r t  H 2 S 0 4  by volume.  

in  th i s  solution and was only s l ight ly  t a rn i shed .  

forg ing ,  shown in  F i g u r e  11, w a s  approximate ly  0.082 in. thick with a n  

uneven s u r f a c e  apparent ly  r e l a t ed  t o  the cast g r a i n  s i z e .  Both s u r f a c e s  

The  molybdenum 

P u r e  technet ium w a s  checked 
T h e  r e su l t i ng  technet ium 

c 
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w e r e  ground flat t o  0.047 in. th ickness  us ing  meta l lographic  polishing 

equipment  and the  m i c r o s t r u c t u r e  of one s u r f a c e  w a s  examined .  

s t r u c t u r e s  are shown in F i g u r e s  1 2  and 13. 

r e c r y s t a l l i z e d  after th i s  working and those  a r e a s  of r e c r y s t a l l i z a t i o n  

o c c u r r e d  p r i m a r i l y  along the  p r i o r  cast g r a i n  boundar ies  and occas iona l ly  

along twin bands.  Tens i l e  f r a c t u r e s  o c c u r r i n g  n e a r  the  ou te r  d i a m e t e r  of 

the  forg ing  w e r e  predominant ly  along the  p r i o r  c a s t  boundar ies  as i l lus -  

t r a t e d  in  F i g u r e  13. 

forg ing  w a s  r ap id  in cold tools .  

s u r e  t h e r m a l  diffusivity of the  m e t a l  f r o m  r o o m  t e m p e r a t u r e  to  500 C.  

LITERATURE REVIEW 

Typica l  

The  m e t a l  w a s  only pa r t i a l ly  

The  m e t a l  was not r ehea ted  a f t e r  working and the  

The polished wafer  is being used  t o  m e a -  

Refe rence  a r t i c l e s  concerning the  alloying behavior  , p r o p e r t i e s ,  o r  

fabr ica t ion  of technet ium a r e  l isted below and that m a t e r i a l  of p a r t i c u l a r  

i n t e r e s t  t o  the  W - T c  s tudy is reviewed.  

1. 

2 .  

3. 

4. 

B. C .  Allen and R .  I. J a f f ee .  "The Hardness  Behavior  of Chromium 

Alloyed with Group IV-A to VI11 Trans i t i on  Meta l s ,  I '  T r a n s .  A m .  S O C .  
Metals, VO:. 56 ,  pp. 387-401. 1963. 

R .  I .  J a f f e e  and G. T. Hahn. S t r u c t u r a l  Cons idera t ions  in  Developing 

R e f r a c t o r y  Meta l  Alloys,  DMIC- 182.  Bat te l le  M e m o r i a l  Insti tute 

Defense  M e t a l s  Information Cen te r ,  J a n u a r y  31, 1963. 

J ,  Niemiec .  

Tungs ten  and Rhenium, ' I  Bulletin De L 'Academie  Polonaise  D e s  

Sc iences ,  vol. XI,  pp. 311-316. 1963. 

"X-Ray Analysis of Technet ium Binary  Alloys with 

A.  L.  Giorg i  and E. G.  Szklarz .  Superconduct ivi ty  S tudies  of Nb-Tc 

and T c - C  S y s t e m s ,  CMB-3-1287. 1964. 

The  superconduct ing t rans i t ion  t e m p e r a t u r e  was  de t e rmined  f o r  

Nb-Tc  a l loys  cover ing  the e n t i r e  s y s t e m .  

employed to  de t e rmine  phases  present .  Technet ium m e t a l  w a s  held liquid 

in a graphi te  c ruc ib l e  a t  2400 C f o r  30 min .  

m a t e r i a l  w a s  comple te ly  F C C  with a. = 3.985 A indicat ing that technet ium 

(unl ike rhenium)  f o r m s  a carb ide .  

X - r a y  diffract ion is being 

X - r a y  pa t t e rn  of r e su l t i ng  
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FIGURE 1 

Hood Employed for Mixing Tungsten and Technetium Powders ,  Loading 
Rubber Compacting Die, and Removing Alloy Compacts  
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FIGURE 2 

750 ton P r e s s  Set Up with 2 - 1 / 4  in.  Container 
fo r  Isostat ic  P res s ing  W - T c  Powder  Compacts  
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FIGURE 4 

Radiat ion at 2 in .  from Sur face  of 35 g Buttons of W - T c  

6 0  
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250X 

750X 

FIGURE 7 

HW-84550 

As-Hydrogen-Reduced Technet ium Powder  
Mounted in Luci te  and Pol i shed  

(Mater ia l  is a sponge r a t h e r  than  a dense  powder . )  
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Macrostructure 1 ox 

1 oox 
FIGURE 8 

Elec t ron  Beam Melted Technet ium 
(Note var ia t ion in  hardness  between g ra ins  in  lower photograph 

and the development of twins around ha rdness  impress ion .  ) 
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lOOX 

, 
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lOOX 

FIGURE 13 

Mic ros t ruc tu re  of E lec t ron  Beam Melted Technet ium 
Forged  at 1540 C 

(Note g ra in  boundary c r a c k  in  uppe r  photograph 
and deformed twins  i n  lower .  ) 
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Attn: H. M a r t e n s ,  Engineer ing  Mechan ics  Divis ion 
NASA Ames R e s e a r c h  C e n t e r  

Attn: C h a r l e s  A .  H e r m a c h  

NASA Goddard Space  F l ight  C e n t e r  

Attn: W a l t e r  Hubbard 

Attn: J .  A.  McGur ty  

Attn: J .  H.  K e e l e r  

Vehicle  Environment  Divis ion 

Attn: H. E. F r a n k e l  
Spacec ra f t  S y s t e m s  Divis ion 

NASA Langley  R e s e a r c h  C e n t e r  
Attn: E. E. M a t h a u s e r  

NASA Lewis R e s e a r c h  C e n t e r  

NASA Manned Spacec ra f t  C e n t e r  

NASA M a r s h a l l  Space  F l ight  C e n t e r  

National Aeronaut ics  and Space  Adminis t ra t ior ,  
600 Independence Avenue S.  W. 
Washington, D.C.  20546 

Nat ional  Aeronaut ics  and Space  Adminis t ra t ion  
U n i v e r s a l  North Building 
Washington, D . C .  20546 

S t r u c t u r e s  R e s e a r c h  Divis ion 

Attn: N. S a u n d e r s ,  M&S Divis ion  

Attn: R .  L. Johns ton ,  S&M Divis ion 

Attn: W .  R .  L u c a s ,  R-P&VE-M 

Attn: J o s e p h  Mal t z ,  C o d e  RRM 

Attn: Off ice  of G r a n t s  & R e s e a r c h  C o n t r a c t s ,  
Code SC 
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EXTERNAL DISTRIBUTION (Special) 

No.  of Copies  

2 Richland Operat ions Office 
Attn: P. G.  Holsted 

Technic  a1 Inform at  ion L ib  r a r  y 
1 Union Carb ide  Corpora t ion  (ORNL,) 

1 Un ive r sa l -  Cyclops S t e e l  Corpora t ion  
Attn: M. L. P i c k l e s i m e r ,  Me ta l s  and C e r a m i c s  

Bridgevi l le  , Pennsylvania  

We s t  inghouse E l e c t r i c  Corpora t ion  
R e s e a r c h  Labora to ry  
Churchi l l  Boro  
P i t t sburgh  35, Pennsylvania  

Attn: J .  H.  Bechtold 
Wright - P a t t e r s o n  A i r  F o r c e  B a s e ,  Dayton, Ohio 
M a t e r i a l s  Labora to ry  

Genera l  E lec t r i c  Company 
S ma 11 Ai rc ra f t  Engin e De pa r t  m en t 
1000 Western  Avenue 

Attn: C .  P. Mue l l e r  
1 

Attn: K .  Elbaum 

Attn: E. D. S a y r e  



. 

U C-2 
GENERAL, MISCELLANEOUS, AND PROGRESS REPORTS 

Ptd. 

6 

3 

1 

1 

1 

1 

1 

10 

1 

2 

1 

1 

1 

2 

1 

1 

1 

1 

1 

3 

4 

2 

4 

2 

2 

1 

2 

4 

1 

1 

1 

1 

Standard Distribution 

ABERDEEN PROVING GROUND 

AEROJET-GENERAL CORPORATION 

AEROJET-GENERAL NUCLEONICS 

AIR FORCE INSTITUTE OF TECHNOLOGY 

ALLIS-CHALMERS MANUFACTURING COMPANY 

ALLISCHALMERS MANUFACTURING COMPANY, 
BETHESDA 

ARGONNE CANCER RESEARCH HOSPITAL 

ARGONNE NATIONAL LABORATORY 

ARMED FORCES RADIOBIOLOGY RESEARCH 
INSTITUTE 

ARMY CHEMICAL RESEARCH AND DEVELOPMENT 
LABORATORIES 

ARMY ELECTRONICS RESEARCH AND 
DEVELOPMENT LABORATORIES 

ARMY MATERIALS RESEARCH AGENCY 

ARMY MISSILE COMMAND 

ARMY NUCLEAR DEFENSE LABORATORY 

ATOMIC BOMB CASUALTY COMMISSION 

ATOMIC ENERGY COMMISSION, BETHESDA 

AEC SCIENTIFIC REPRESENTATIVE, BELGIUM 

AEC SCIENTIFIC REPRESENTATIVE, FRANCE 

AEC SCIENTIFIC REPRESENTATIVE, JAPAN 

ATOMIC ENERGY COMMISSION, WASHINGTON 

ATOMIC ENERGY OF CANADA LIMITED 

ATOMIC ENERGY OF CANADA LIMITED, 
WHITESHELL 

ATOMICS INTERNATIONAL 

AVCO CORPORATION 

BABCOCK AND WlLCOX COMPANY 

BATTELLE MEMORIAL INSTITUTE 

BERYLLIUM CORPORATION 

BROOKE ARMY MEDICAL CENTER 

BROOKHAVEN NATIONAL LABORATORY 

BUREAU OF MINES. ALBANY 

BUREAU OF SHIPS (CODE 1500) 

CARNECIE INSTITUTE OF TECHNOLOGY 

CHICAGO PATENT GROUP 

Ptd. 

1 

1 

1 

3 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

1 

1 

1 

1 

1 

2 

TID-4500 
37th Ec 

Standard Distribution 

COMBUSTION ENGINEERING, INC. 

COMBUSTION ENGINEERING, INC. (NRD) 

COMMITTEE ON THE EFFECTS OF ATOMIC 
RADIATION 

DEFENCE RESEARCHMEMBER 

*DEL ELECTRONICS CORPORATION 

DENVER RESEARCH INSTITUTE 

DOW CHEMICAL COMPANY, ROCKY FLATS 

DU PONT COMPANY, AIKEN 

DU PONT COMPANY, WlLMlNGTON 

EDGERTON. GERMESHAUSEN AND GRIER, INC.. 
GOLETA 

FRANKFORD ARSENAL 

FUNDAMENTAL METHODS ASSOCIATION 

GENERAL ATOMIC DIVISION 

GENERAL DYNAMICS/FORT WORTH 

GENERAL ELECTRIC COMPANY, CINCINNATI 

GENERAL ELECTRIC COMPANY (MSVD) 

GENERAL ELECTRIC COMPANY, SAN JOSE 

GOODYEAR ATOMIC CORPORATION 

HAZLETON NUCLEAR SCIENCE CORPORATION 

HUGHESAIRCRAFTCOMPANY 

I IT  RESEARCH INSTITUTE 

IOWA STATE UNIVERSITY 

JET PROPULSION LABORATORY 

KNOLLS ATOMIC POWER LABORATORY 

LING TEMCO VOUGHT, INC. 

LOS ALAMOS SCIENTIFIC LABORATORY 

LOWRY AIR FORCE BASE 

MALLINCKRODT CHEMICAL WORKS 

MARTIN-MARIETTA CORPORATION 

MOUND LABORATORY 

NASALANGLEY RESEARCHCENTER 

NASA LEWIS RESEARCH CENTER 

NASA M4NNED SPACECRAFT CENTER 

NASA SCIENTIFIC AND TECHNICAL 
INFORMATION FACILITY 

t 



TID-4500 
37th Ed. 
Ptd. 

1 

1 

1 

1 

1 

1 

3 

1 

1 

1 

1 

1 

10 

1 

1 
4 

2 

Standard Distribution 

*NATIONAL AGRICULTURAL LIBRARY 

NATIONAL BUREAU OF STANDARDS (LIBRARY) 

NATIONAL LEAD COMPANY OF OHIO 

NAVALORDNANCE LABORATORY 

NAVAL POSTGRADUATE SCHOOL 

NAVAL RADIOLOGICAL DEFENSE LABORATORY 

NAVAL RESEARCH LABORATORY 

NEW BRUNSWICK AREA OFFICE 

NEW YORK OPERATIONS OFFICE 

NRA. INC. 

NUCLEARMETA 

OFFICE OF ASSISTANT GENERAL COUNSEL 
7.  INC. 

FOR PATENTS (AEC) 

OFFICE OF NAVAL RESEARCH 

OFFICE OF THE CHIEF OF NAVAL OPERATIONS 

PENNSYLVANIA STATE UNIVERSITY 

PHILLIPS PETROLEUM COMPANY (NRTS) 

PHYSICS INTERNATIONAL, INC. 

POWER REACTOR DEVELOPMENTCOMPANY 

PRATT AND WHITNEY AIRCRAFT DIVISION 

PRINCETON UNIVERSITY (SHERR) 

PUBLIC HEALTH SERVICE 

PURDUE UNIVERSITY 

RADIOPTICS, INC. 

RAN0 CORPORATION 

REACTIVE METALS. INC. 

REACTIVE METALS. INC.. ASHTABULA 

SANDIA CORPORATION, ALBUQUERQUE 

SANDIA CORPORATION. LIVERMORE 

SCHOOL OF AEROSPACE MEDICINE 

STRATEGIC AIR COMMAND 

Ptd. 

1 

1 

2 

4 

1 

1 

1 

1 

2 

1 

1 

1 

1 

1 

1 

2 

1 

325 
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GENERAL, MISCELLANEOUS. AND PROGRESS REPORTS 

Standard Distribution 

TENNESSEE VALLEY AUTHORITY 

UNION CARBIDE CORPORATION. CLEVELAND 

UNION CARBIDE CORPORATION (ORGDP) 

UNION CARBIDE CORPORATION (ORNL) 

UNION CARBIDE CORPORATION (PADUCAH 
PLANT) 

UNITED NUCLEAR CORPORATION (NDA) 

U. 5. GEOLOGICAL SURVEY, DENVER 

U. 5. GEOLOGICAL SURVEY, MENLO PARK 

U. 5. GEOLOGICAL SURVEY, WASHINGTON 

UNIVERSITY OF CALIFORNIA, BERKELEY 

UNIVERSITY OF CALIFORNIA, LIVERMORE 

UNIVERSITY OF CALIFORNIA, LOS ANGELES 

UNIVERSITY OF CALIFORNIA, SAN FRANCISCO 

UNIVERSITY OF CHICAGO, USAF RADIATION 
LABORATORY 

UNIVERSITY OF HAWAII 

UNIVERSITY OF PUERTO RlCO 

UNIVERSITY OF ROCHESTER 

UNIVERSITY OF ROCHESTER (MARSHAK) 

UNIVERSITY OF UTAH 

UNIVERSITY OF WASHINGTON (GEBALLE) 

WALTER REEDARMYMEDICALCENTER 

WESTERN RESERVE UNIVERSITY 

WESTERN RESERVE UNIVERSITY (MAJOR) 

WESTINGHOUSE BETTIS ATOMIC POWER 
LABORATORY 

WESTINGHOUSE ELECTRIC CORPORATION 

WESTINGHOUSE ELECTRIC CORPORATION 
(NASA) 

DIVISION OF TECHNICAL INFORMATION 
EXTENSION 

*New listine a chance in old listina. 


