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PREFACE 

This  r e p o r t  p r e s e n t s  a b s t r a c t s  of a l l  p u b l i c a t i o n s  i n  t h e  Energy Sciences  ' 

programs of t h e  Department of  Energy and Environment from January 1, 1978 

through December 31, 1978. The mode of p u b l i c a t i o n s  i s  i n d i c a t e d  on each e n t r y  - 
j o u r n a l  c i t a t i o n ,  BNL r e p o r t ,  o r  o r a l  p r e s e n t a t i o n .  

It is  a companion r e p o r t  t o  "Annual H i g h l i g h t s  of  Programs i n  Energy S c i -  

ences  - (December 1978, BNL 50973)'' Together,  they  p r e s e n t  s c i e n t i f i c  and/or  

t e c h n i c a l  h i g h l i g h t s  of t h e  Energy Sciences  programs f o r  t h e  p a s t  ca lendar  

yea r ,  d e t a i l e d  d e s c r i p t i o n s  of a l l  t h e  programs, and t h e  p u b l i c a t i o n  i s s u i n g  

from t h e  work performed. 

An express ion  of a p p r e c i a t i o n  i s  due t o  a l l  whose e f f o r t s  were involved 

i n  producing t h i s  r e p o r t .  F i r s t ,  t h e  i n d i v i d u a l  i n v e s t i g a t i o n s  whose work l e d  

t o  l i s t e d  p u b l i c a t i o n s  a r e  t o  be  commended. Secondly, Meyer S t e i n b e r g  and 

Masaki suenaga a r e  t o  be  thanked f o r  t h e i r  overseeing t h e  product ion of t h e  

t e x t  i n  t h e i r  r e s p e c t i v e  Division.  F i n a l l y ,  and most impor tan t ly ,  t h e  s t e r l i n g  

s e r v i c e s  of a number of s e c r e t a r i e s  a r e  h e r e  acknowledged. Even a t  t h e  r i s k  of 

committing a n , e r r o r  of omission, p a r t i c u l a r  thanks  and a p p r e c i a t i o n  a r e  extended 

t o  Sharon Crevel ing,  Ruth Duffy, Toni F r idae ,  Karen Ka l i sh ,  Lois  Arns, and 

Pa t  Taylor. 





PHOTOSYNTHESIS AT 1000 NM: PRIMARY DONORS AND ACCEPTORS 

BNL - 23984 

J. F a j e r ,  M. S. Davis, J .  P. Thornber, and A..Forman 

Chemical Sciences  Divis ion 

The mechanism by which pho tosyn the t i c  organisms convert  l i g h t  i n t o  chemical 
energy f s  of cons iderab le  i n t e r e s t  n o t  oniy  because of t h e  photophysics,  
chemist ry  and Biology i ~ l v o l v t d  but  a l c o  because nf t h e  a t t r a c t i v e n e s s  of 
d e w ~ l n p i n g  a r t i f i c i a l  phototransducers  modelled on l i v i n g  systems. A combina- 
t i o n  of opcical  al l~l  paramagnetic opoctrosropy ; a pp i i,ed ' vlvu in- 
systems, has  r e c e n t l y  l e d  t o  a genera l i zed  mcchanisrn where'by pho tosyn the t i c  
piirple b a c t e r i a  t ransduce an  impinging photon i n t o  t h e  oxidized and reduced 
s p e c i e s  t h a t  drive the c l w u r i ~ a l  cyclco ofi t h e  ot~Pfi9srn: 

hv <10 psec  %200 psec  
PIX -t P*IX -t p+1-x -t p+1x- 

P is a " s p e c i a l  pa i r "  of bac te r ioch lorophyl l s  (BChl) , P* is an  exc i t ed  s i n g l e t ,  
P+ a c a t i o n  r a d i c a l  and X an  iron-quinone complex. The n a t u r e  of I- is  i n  
ques t ion ;  i t  has  v a r i o u s l y  been considered a s  t h e  anion of BChl, of bac te r io -  
pheophytin (BPh), t h e  f r e e  b a s e  of BChl, o r  a complex of both .  

Th is  'sequence was o r i g i n a l l y  based on d a t a  obta ined wi th  Rhodopseudomonas 
sphaero ides  and Ckomatium vinosum, b a c t e r i a  whf c l ~  cuuLain DChl n Howcvor , 
a number of photosynthet ic  b a c t e r i a  (Rhodopseudomonas v i r  i d i s ,  Thiocapsa 
p f e n n i g i i ,  Ectothiorhodospira  h a l o c h l o r i s )  u t i l i z e  a ch lo rophyl l  v a r i a n t ,  
BChl b a s  t h e  pho toac t ive  chromophore t o  enable  them t o  f u n c t i o n  a t  wave- 

Experimental and t h e o r e t i c a l  s t u d i e s  of t h e  anion and c a t i o n  r a d i c a l s  of 
BChl b and BPh b a r e  descr ibed h e r e  compared wi th  d a t a  on t h e  oxidiz'ed 
primary donor and reduced accep tor  of Rhodopseudomonas v i r  i d i s .  The combi- 
n a t i o n  of t h e s e  r e s u l t s  wi th  evidence from o t h e r  l a b o r a t o r i e s ,  l eads  t o  t h e  
conclus ion t h a t  a common molecular a r r a y  p e r f o m s  rhe prirua~y piocesses i n  
b a c t e r i a  t h a t  c o n t a i n  BCh1.a or  b.  On a picosecond time s c a l e ,  dimers of 
BChl a (P870) o r  BChl b (P960), exc i ton  coupled t o  a second p a l r  of UChls, 



a c t  a s  t h e  primary donors.  ~ 9 ' 6 0  is,, however, a dimer wi th  a twist. The 
most l i k e l y  cand ida te  a s  t h e  primary acceptor  of t h e  e l e c t r o n  photoejected 
from t h e  BChls is BPh. 

F a j e r ,  J . ,  Davis,  M. S., Thornber, J.  P . ,  and Forman, A. Photosynthesis  
at- 1000 nm. Porphyr i n  Chemistry Advances, F. R. Longo, Ed., Ann Arbor 
Science Pub l i shers ,  Ann Arbor, Michigan, 1378. - 
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ANION RADICALS OF PHEOPHYTIN AND CHLOROPHYLL A: THEIR ROLE I N  THE PRIMARY 
CHARGE SEPARATIONS OF PLANT PHOTOSYNTHESIS 

BNL - 24618 

I. F u j i t a ,  M. S. Davis and J .  Fa je r  

Chemical Sciences  Divis ion 

Opt ica l ,  e l e c t r o n  s p i n  resonance (ESR) and e lect ron-nuclear  double resonance 
(ENDOR) s p e c t r a  a r e  presented f o r  t h e  anion r a d i c a l s  of ch lo rophyl l  a and i t s  
meta l  free base ,  pheophytin,  s p e c i e s  which have long eluded c h a r a c t e r i z a t i o n  
because of their r e a c t i v i t y  wi th  t r a c e  i m p u r i t j e s .  F e a ~ u r e s  liP the EER and 
ENDOR s p e c t r a  a r e  i n t e r p r e t e d  by molecular o r b i t a l  comp~lta t ions .  Coinparison 
of t h e  emf, o p t i c a l  and magnetic parameters of t h e  anions  wi th  those  a t t r i -  
buted t o  shor t - l ived t r a n s i e n t s  involved i n  che p r i ~ ~ ~ ; i ~ - y  p h o t o p r o c c ~ ~ e s  of 
p l a n t  photosynthesis  l e a d s  t o  t h e  conclusion t h a t  ch lo rophyl l  and pheophytin 
a r e  t h e  f i r s t  reduced products  of t h e  l ight-induced charge s e p a r a t i o n s  i n  
photosystems I and 11, r e s p e c t i v e l y .  That mechanism r e p r e s e n t s  a s i g n i f i -  
c a n t l y  more e f f i c i e n t  conversion of i n c i d e n t  l i g h t  i n t o  cliemical energy than 
p rev ious ly  assumed and y i e l d s  s t r o n g  r e d u c t a n t s  t o  d r i v e  t h e  biochemistry of 
bo th  photosystems. 

The o p t i c a l  and magnetic r e s u l t s  presented provide t h e  g u i d e l i n e s  f o r  
picosecond l a s e r  p h o t o l y s i s ,  ESR and ENDOR experiments t o  f u r t h e r  t e s t  t h e  
mechanism proposed. 

F u j i t a ,  I., Davis, M. S . ,  and F a j e r ,  J .  Anion Radicals  of Pheophytin and 
Chlorophyll  a :  Their  Role i n  t h e  P r m a r y  Charge Beparationo of P l a n t .  Phnt.0- 
s y n t h e s i s .  J. her. Chem, Soc. I&, 6780-6282 (1978) .  
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PHOTOVOLTAIC PROPERTIES OF METALLOPORPHYRINS 

BNL - 24975 

Kazuo Yamashita, Frank J. Kampas and J a c k  F a j e r  

chemical ' Sciences  Div i s ion  

The photoelect rochemical  p r o p e r t i e s  of f i l m s  of meta l lo te t raphenyl - ,  
tetra(n-propy1)-,  and o c t a e t h y l  porphyrins,  porphins ,  co- fac ia l  diporphy- 
r i n s ( 2 )  and mesopor h y r i n  e s t e r s  have been s t u d i e d  in Al/Porphyrin/Ag and 
A1/Porphyrin/Fe(CN) i-, F ~ ( C N )  $ - / ~ t  c e l l s .  For a g iven porphyr i n  l igand , 
quantum e f f i c i e n c i e s  of t h e  photocurrents  p a r a l l e l  t h e  f i r s t  ox ida t ion  
p o t e n t i a l s  of t h e  porphyrins:  t h e  more e a s i l y  oxidized compounds e x h i b i t  
h igher  quantum y i e l d s .  The l a t t e r  depend on t h e  c r y s t a l l i n i t y  of t h e  
porphyrin:  f i l m s  prepared by subl imat ion were found t o  be m i c r o c r y s t a l l i n e  
by e l e c t r o n  microscopy and y i e l d  lower photocurrents  than f i l m s  prepared by 
s o l u t i o n  evaporat ion which a r e  amorphous. 

The current-vol tage (I-V) c h a r a c t e r i s t i c s  of t h e  c e l l s  resemble those  of a 
metal-insulator-semicondu@tor diode and a r e  a t t r i b u t e d  t o  t h e  pho toac t ive  . 
Al-Al2Og-porphyrin i n t e r f a c e .  A t  low forward b i a s  v o l t a g e s ,  t h e  d a r k  c u r r e n t  
v a r i e s  approximately a s  I - V  and a t  h i g h  v o l t a g e s ,  t h e  I-V r e l a t i o n  becomes 
superquadrat ic .  The exponent f o r  t h e  dependence of t h e  photocurrent  on l i g h t  
i n t e n s i t y  ranges  between 0.8 and 1.0. These r e s u l t s  can be explained by a n  
exponent ia l  d i s t r i b u t i o n  of t r a p s  i n  t h e  porphyrin f i lm.  

Peak quantum y i e l d s  f o r  t h e  ' c e l l s  i n v e s t i g a t e d  range from t o  10-I wi th  
power conversion e f f i c i e n c i e s  varying from 10-6 t o  lo'*. 

Yamashita, Kazuo, Kampas, Frank J.,  and F a j e r ,  Jack.  Pho tovo l ta ic  proper- 
ties of Mecalloporphyrins.  Presented a t  177th Nat ional  Meeting of American 
Chemical Soc ie ty ,  Honolulu, Hawaii, A p r i l  1-6, 1979. 
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LIGATED CHLOROPHYLLS AS PRIMARY DONORS I N  PHOTOSYNTHETIC OXYGEN EVOLUTION 

M. S. Davis, A. Forman, L. K. Hanson, and J. Fa je r  

Chemical Sciences  Divis ion 

Magnesium and z i n c  t e t r a p h e n y l  c h l o r i n s ,  s y n t h e t i c  models f o r  ch lo rophyl l , .  
e x h i b i t  s i g n i f i c a n t  . v a r i a t i o n s  i n  t.he unpa i red .  s p i n  d e n s i t i e s  of . ' t h e i r  c a t i o n  
r a d i c a l s  w i t h  concomitant changes i n  o x i d a t i o n  p o t e n t i a l s ,  a s  a  f u n c t i o n  of 
s o l v e n t  and a x i a l  l igand .  S imi la r  e f f e c t s  a r e  observed f o r  chlorophyl'l  a  and 
i t s  c a t i o n  r a d i c a l s .  Oxidation p o t e n t i a l s  f o r  Chl + ~ h l '  a s  h igh as +0.9V 
(vs  NHE) a r e  observed i n  nonaqueous s o l v e n t s  wi th  l inewid ths  of t h e  ESR s i g n a l s  
of monomeric ~ h l +  ranging between 9 .2  and 7 ;  8  G i n  solut ion. .  C l e a r l y ,  t h e  
narrowing of ESR l inewid ths  cannot be  used a s  the  s o l e  crfceria f o r  r s tk6 l i s l i -  
ing  t h e  e x i s t e n c e  of d imeric  ch lo rophyl l  c a t i o n s ,  i n  vivo: ENDOR measurements 
must complement t h e  ESR d a t a .  The changes i n  e l e c t r o n i c  conf igura t ion  and 
e a s e  of o x i d a t i o n  a r e  a t t r i b u t e d  t o  mixing of two n e a r l y  degenerate  ground 
s t a t e s ,  of t h e  r a d i c a l s  independently p red ic ted  by s e l f - c o n s i s t e n t  f i e l d  and 
extended Huckel molecular o r b i t a l  c a l c u l a t i o n s .  

Comparison of t h e  p r o p e r t i e s  of ch lo rophyl l  i n  v i t r o  wi th  t h e  o p t i c a l ,  redox 
and magnetic c h a r a c t e r i s t i c s  a t t r i b u t e d  t o  P680, t h e  primary donor of photo- 
system 11, which mediates  oxygen e v o l u t i o n  i n  p l a n t  photosynthesis ,  l e a d s  u s  
t o  suggest  t h a t  P680 may be a  l i g a t e d  ch lo rophyl l  monomer whose f u n c t i o n  a s  a  
pho to t rap  is  determined by i n t e r a c t i o n s  wi th  its immediate (p ro te in? )  
environment . 

Davis, M. S. ,  Forman, A. ,  Hanson, L. K . ,  and P a j e r ,  J. Ligated Chlorophylls  
a s  Primary Donors i n  Photosynthet ic  Oxygen Evolution.  ~ i o p h y s .  J. ( i n  p r e s s ) .  
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BNL 25193 

L. K. Hanson and B. M. Hoffman 

Chemical Sciences  Divis ion 

Manganoglobin, i n  which manganese porphyr ins  have been s u b s t i t u t e d  f o r  t h e  heme 
p r o s t h e t i c  group, coopera t ive ly  and r w e r s i b l y  binds  s'ome smal l  molecules bu t  
n o t  oxygen. However, Mn(I1) porphyrins do bind O2 r e v e r s i b l y  a t  -80°c i n  or-  
gan ic  s o l v e n t s  t o  form pentacoordinated complexes i n  c o n t r a s t  t o  t h e  hexa- 
coordinated 02 complexes formed by i r o n  and c o b a l t  porphyrins.  The r e a c t i o n  
wi th  02 transforms t h e  Mn(I1) porphyrin spectrum from t h e  normal t o  "hyper" 
type  wi th  a s p l i t  Sore t  band t y p i c a l  of Mn(II1) por hyr ins .  EPR s p e c t r a  P i n d i c a t e  a s p i n  change from S = 5/2 t o  s = 3/2,and 70 s u b s t i t u t i o n  i n d i c a t e s  
l i t t l e  unpaired s p i n  d e n s i t y  on t h e  02. Analysis 'of the' EPR d a t a  suggested 
t h a t  t h e  02 molecule b inds  t o  t h e  Mn i n  t h e  G r i f f i t h  mode (edge-on, p a r a l l e l  t o  
t h e  porphyrin plane) and t h a t  t h e  complexes could be formal ly  desc r ibed  a s  
Mn(1V) 02'. However, published ab i n i t i o  c a l c u l a t i o n s  p r e d i c t  i n s t e a d  t h a t  
Mn(III)02' should be t h e  most s t a b l e  c o n f i g u r a t i o n ,  wl th  O2 bound i n  t h e  
Pauling mode (end-on, ben t ) .  Charge i t e r a t i v e  extended Hickel  c a l c u l a t i o n s  
a r e  repor ted  here  f o r  both  t h e  G r i f f i t h  and Pauling models f o r  02-Mn porphins,  
i n  which t h e  0-0, Mn-0, ou t  of p lane  fi d i s t a n c e s  and t h e  0-0 o r i e n t a t i o n  above 
t h e  p i r p h i n a t o  plane have been v a r i e d .  A l l  of t h e  experimental  r e s u l t s  can 
be explained i n  t e n s  of t h e  G r i f f i t h  model bu t  not t h e  Paul ing model. Fur ther-  
more, our c a l c u l a t i o n s  suggest  t h a t  t h e  ab i n i t i o  r e s u l t s  may simply be due t o  
t h e  u s e  of too  s h o r t  an 0-0 d i s t a n c e .  W e  conclude t h e r e f o r e  t h a t ,  u n l i k e  Co(I1) 
and Fe(I1) porphyr ins ,  Mn(I1) porphyrins bind oxygen i n  t h e  G r i f f  i t h  mode i n  a 
manner s i m i l a r  t o t h a t  found f o r  T i  porphyrins.  

Hanson, L. K. and Hoffman, B.  M.  Grif  f  i t h  Model ~ o n d i k ~  i n  Oxygen Manganese 
Porphyrins.  Biophys. J. ( i n  p r e s s ) .  
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BRIDGED FERROCENES 111. THE CRYSTAL AND MOLECULAR STRUCTURE OF 
~,~',~,~',~,~,~',~'-TETRAKIS(TRIMETHYLENE)FERROCENEF 

BNL - 23855 

Manny Hillman and Etsuko Fuj ita 

Chemical Sciences Division 

The structure of 1,1',2,2',3,4,4',5'-tetrakis(trimethylene)-ferrocene has 
been determined by x-ray diffraction. This compound:forms prismatic crystals 
of monoclinic space group - P2, /c and four molecules- in the unit cell with 

L 

a = 8.649(4) 1, b = 21.623(2) x, c = Y . l Z U ( l j  .a  and, B = 107.21(3}". The - 
structure has solved from three dimensional Patterson and Fourier synthesis, 
and was refined by least squares. The two cyclopentadien~l rings are 
eclipsed and the dihedral ~ngle between the rPngs is 11.1 ' . The i ron-cnr loa 
distances ranged from 1.997(2) to 2.047(2) g. 

Hillman, M. and Fujita 
Structure of 1,1',2,2' 
metallic Chem. 155, 99 

., E - Bridged Ferrocenes 111. The Crystal 'and* Molecular 
3,4,4',5'-~etrakis(~rimethy1ene)Ferrocene. . J. Organo- 
(1978) . 
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BRIDGED FERROCENES . I. 

BNL - 23856 

Manny Hillman, Barry Gordon, Allen J. Weiss and A. P. Guzikowski 

Chemical Sciences  Divis ion 

Previous.ly repor ted  c o r r e l a t i o n s  between Moessbauer s p e c t r a  and t h e  number o f  
b r idges  i n  tr irnethylene br idged f  e r rocene  d e r i v a t i v e s  have now been observed 
i n  ' t h e  reduc t ion  p o t e n t i a l s  and i n  t h e  e l e c t r o n i c  s p e c t r a .  Crys ta l lograph ic  
r e s u l t s  r epor ted  i n  t h e  subsequent papers  of t h i s  s e r i e s  a r e  employed t o  
conf i n n  t h e  previous  a t t r i b u t i o n  of t h e s e  e f f e c t s  t o  r ing-r ing t i l t i n g ,  
iron-to-ring d i s t a n c e ,  'and t o  a l e s s e r  exteri t  t h e  n ~ n - ~ l a i a r ' i t ~  of t h e  r i n g s  
i n  some compounds. Rearrangement dur ing t h e  'br idging r e a c t i o n  is proposed t o  
exp la in  t h e  f a i l u r e  of t h e  formation of ' t h e  four-bridged compound. 

Hillman, M.,  Gordon, B . ,  Wehiss, A'. J.,  and Guzikvwski, A. P .  Bridged Ferro- 
cenes I. J. ~ r ~ a n o m e t a l l i c  Chem. 155, 77 (1978). : . . 
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BRIDGED FERROCENES 11. THE CRYSTAL AND MOLECULAR STRUCTURE OF 1 ,11,2~,2 ' ,  
. 4,4 ' -TRIS (TRIMETHYLENE) FERROCENE 

BNL - 23857 

. . . * .. 
Manny   ill man and Etsuko Fuj i t a  

I . . 

Chemical Sc i ences  Divis ion 

. . . . .. . I ,  I 

 lie c r y s t a i  and molecular s t r u c t u r e  of 1,l '., 2,2" ,4.,.4'-tris-(tr+imithylene) . . 
z.orrocene hac bccn d?t.crm;in=d' by x n  ray di£fract&ol<.,. T l ~ l s  culupuprlll fo;rns 
monoclinic need les  of space group, ~2 $ with  s i x t e e n  m o l e c u l ~ s ,  i n  the unib 
eoJ.1, a = 30.899.(.6). , - l l , k ,  5 - ?5.145.($)X:ai?< 0 p 127.31(1) . 
The s t r u c t u r e  was solved from..'three-dimensional' p a t t e r s o n  and Fourier. 
syn theses  and was r e f i n e d  by l e a s t  squares .  The s t r u c t u r e  c o n s i s t s  of two 
c r y s t a l l o g r a p h i c a l l y  independent molecules showing s i m i l a r  geometries.  The 
two cyclopentadienyl  r i n g s  a r e  e c l i p s e d  and t h e  d i h e d r a l  a n g l e  between t h e  
two r i n g s  is 2.4'. The average i r o n  t o  r ing-carbon d i s t a n c e  is 1.992 1. 
The d i s t a n c e  between t h e  r i q g s  (3.15 a) i s  s i g n i f i c a n t l y  s h n r t . ~ . r  than i n  
fe r rocene ,  and t h e  r i n g s  appear t o  be  s l i g h t l y  non-planar. 

Hillman, M. and F u j i t a ,  E. Bridged Ferrocenes 11. The C r y s t a l  and Molec-, 
. u i a r  S . t ructure  of 1,l' ,,2,2 '-, 4 , k  '-Tris.(Trimethylene)Ferrocene. J. ! Organo- 
m c t a l l i c  Chcm. 155, 87 (1970)0.". a . .  . . 
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BNL - 23861 

L. D. Spauld ing ,  G . J . B .  Wi l l iams,  and M. Hi l lman 

Chemical S c i e n c e s  D i v i s i o n  

The t i t l e  compound (molecular  formula  C H Fe) forms p r i s m a t i c  c , r y s t a l s .  from 25 30 
hexane which be long t o  t h e  monocl in ic  s p a c e  group P2., / n  w i t h  l a t t i c e  c o n s t a n t s  

& 

a = 9.486(2) J(, b = 12.134(2) 11, 2 = 16.024(2) 1, B =  93.12(1)0 ,  and Z = 4. - 
The s t r u c t u r e  was so lved  by r h e  heavy atom method and r e f i n e d  by f u l l - m a t r i x  
least s q u a r e s  a g a i n s t  3839 F terms t o  y i e l d  R = 0.08 and Q = 0.12. The F e  
t o  c y c l o p e n t a d i e n y l  r ing-carbon d i s t a n c e s  r ange  from 1.985(3) 8 t o  2.042(4) 1. 
The two c y c l o p e n t a d i e n y l  r i n g s  are e c l i p s e d ,  t hey  are  s l i g h t l y  non-planar, and* 

0 t h e  a n g l e  between their leas t -squa ' res  p l a n e s  is 12.5  . 

Spauld ing ,  L. D . ,  W i l l i a m s ,  G . J . B . ,  and Hi l lman,  M .  Br idged Fe r rocenes  I V .  
The C r y s t a l  and Molecular  S t r u c t u r e  of 1,l' , 2 , 2 ' ,  3.3' ,4  ,'5.4' ,5'-Pentakis-. 
(Trimethy1ene)Ferrocene. J .  0rgan .ometa l l ic  Chem. 155, 109 (1978)'.. 
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AEROSOL FORMATION ON THE FLASH PHOTOLYSIS OF S02/GAS MIXTURES 

* 

L. D. Fogel and 3 .  W. Sutherland 

Chemical Sciences Div i s ion  

A long-lived t r a n s i e n t  absorp t ion  (decay t% %300 s e c  a t  1 atm) observed on t h e  
f l a s h  p h o t o l y s i s  ( energ ies  e l e c t r i c a l  5 200 jou les )  of S02/gas mixtures  has  
been i d e n t i f i e d  a s  r e s u l t i n g  from l i g h t  s c a t t e r i n g  from H2SO4 a e r o s o l s .  No 
d e t e c t a b l e  s i g n a l s  were monitored on p h o t o l y s i s  a t  A >  240 nm, i n a i c a t i n g  t h a t  
the a e r o s o l  p recursors  must s e s u l t  from photod i ssoc la t ion ,  SO2 ( X ~ A ~ )  + 
hv(X< 218 nm) -P S O ( ~ C ' )  + O( P) .  A t  high pressures ,  t h e  o ( ~ P )  r e a c t e d  e i t h e r  
w i t h  SO2 t o  form SO3 o r  w i t h  02 t o  y i e l d  03;which was s t a b l e  f o r  t imes 5 40 min. 
Under t h e s e  cond i t ions ,  t h e  03 y i e l d  served a s  an  i n t e r n a l  monitor of f l a s h  
t in tensi ty .  In  02, t h e  SO was oxidized t o  SO3. With even t r a c e s  of H20 vapor ,  
SO3 was hydrated immediately t o  form.H2SOq vapor ,  which quickly  underwent 
heteromolecular  homogeneous nuc lea t ion .  Nucleation was quenched r a p i d l y  a s  t h e  
a c i d  vapor was consumed by f u r t h e r  nuc lea t ion ,  by condensation and by vapor 
d i f f u s i o n  t o  t h e  c e l l  wal ls .  A model was formulated i n  which condensation was 
considered k i n e t i c a l l y  n e g l i g i b l e  and t h e  p a r t i c l e s  grew by coagulat ion;  
s imul taneously ,  they were l o s t  by t r a n q u i l  g r a v i t a t i o n a l  s e t t l i n g  and by 
d i f f u s i o n  t o  t h e  wal ls .  Computer s imula t ions  demonstrated t h a t  t h e  observed 
t ime dependence of t h e  absorbance d a t a  could be accounted f o r  by t h i s  scheme. 
The model a l s o  desc r ibed  t h e  p ressure ,  temperature and wavelength dependencies 
of t h e  r e s u l t s .  The a p p l i c a t i o n  of t h e  f l a s h  p h o t o l y s i s  technique t o  produce 
r e l a t i v e l y  high concen t ra t ions  of supersa tu ra ted  vapors  i n  t imes very  s h o r t  
compared t o  those  f o r  a e r o s o l  format ion w i l l  be discussed.  

Fogel ,  L .  D .  and Suther land,  J. W. Aerosol Formation on t h e  F lash  Photo lys i s  
of S02/Gas Mixtures.  Presented a t  t h e  175 th  Meeting of t h e  American Chemical 
Socie ty ,  Miami Beach, F l o r i d a ,  September 1978. 
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AEROSOL FORMATION ON THE FLASH PHOTOLYSIS OF s02/GAS MIXTURES 

BNL - 25021 

L. D. Fogel and J. W. Suther land 

Chemical Sciences  Divis ion 

A long-lived t r a n s i e n t  absorp t ion  observed on t h e  f l a s h  pho to lys i s  of SO /gas 
mixtures  a t  h 2 190 nm has  been i d e n t i f i e d  a s  r e s u l t i n g  from l i g h t  s c a t t i r i n g  
by H2SO4 aeroso l s .  No d e t e c t a b l e  s i g n a l s  were monitored on p h o t o l y s i s  a t  
X 2 270 +, i n d i c a t i n g  t h a t  t h e  a e r o s o l  p recursors  o r i g i n a t e d  from t h e  promotion 
of SO2 i n t o  i t s  second s i n g l e t  l e v e l  and i n t o  i t s  d i s s o c i a t i o n  continuum. The 
SO3 t h a t  was formed was hydrated immediately t o  y i e l d  H2SO4 vapor i n  a h igh ly  
supersa tu ra ted  s t a t e  and heteromolecular homogeneous nuc lea t ion  t o  produce 
H2SO4 a e r o s o l s  ensued.. Th i s  nuc lea t ion  was quenched r a p i d l y  a s  t h e  a c i d  vapor 
was consumed by f u r t h e r  nuc lea t ion ,  by condensation and by v a p o r . d i f f u s i o n  t o  
t h e  c e l l  wal ls .  A model was formulated i n  which t h e  condensations of t h e .  
H2SO4 and t h e  Hz0 vapors  on t h e  growing d r o p l e t s  were considered k i n e t i c a l l y  
n e g l i g i b l e  and t h e  p a r t i c l e s  grew by coagulat ion;  s imul taneously ,  they were 
l o s t  by t r a n q u i l  g r a v i t a t i o n a l  s e t t l i n g  and by d i f f u s i o n  t o  t h e  c e l l  wa l l s .  
Computer s imulat ions  demonstrated t h a t  t h e  observed t ime dependence of t h e  
absorbance d a t a  (measured a t  a f i x e d  wavelength) could be accounted . fo r  by 
t h i s  scheme. The e f f e c t s  of temperature ,  p r e s s u r e  and wavelength (of t h e  
analyzing l i g h t )  were a l s o  descr ibed s a t i s f a c t o r i l y  by t h i s  model. 

Fogel,  L. D. and Suther land,  J.  W. Aerosol Formation on t h e  Flash Photo lys i s  
of SU2/Gas Mixtures.  J.  Chem. Phys. ( i n  p r e s s ) .  
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BNL - 25180 

Edward G. Skolnik  and R. Bruce Klemm 

Chemical Sciences Div i s ion  

The important s t andard  k i n e t i c  r e a c t i o n ,  
3 O( P) + C2H4 * cW3 + HCO, 

h a s  been s t u d i e d  by t h e  d i scharge  f l o w - r e s n n ~ n r ~  technique ovur t h c  temperature 
range 298-750~1~. E X ~ E L  L~LLCS were perf armed under pseudo-f irst order  cbn- 

d i t i o n s ,  [([C2H4]/[0]) 2 50; [Ole = 5-20 x 10'~ atoms/cm3], fo l lowing  t h e  

decay of o ( ~ P )  atoms a s  a f u n c t i o n  of d i s t a n c e  ( a  time) i n  t h e  f low tube. 
P a r t i c u l a r  c a r e  was taken t o  exclude t h e  e f f e c t s  n f  p o s s i b l e  secondary 
r e a c t i o n s  s o  a s  t o  remove t h e  need f o r  a s t o i c h i o m e t r i c  c o r r e c t i o n .  The r a t e  
d a t a  f o r  t h i s  r e a c t i o n  was found t o  f i t  t h e  Arrhenius express ion:  

-12 3 k = (8.7 t 1.0) x 10 exp - [(I300 t 110) /RT] cm molec -Is-1 

These r e s u l t s  w i l l  be compared t o , t h o s e  from previous  s t u d i e s ,  and a review 
of a s i z a b l e  body of k i n e t f c  d a t a  on t h i s  r e a c t i o n  w i l l  be made. 

Skolnik ,  E. G .  and Klemm, R. B.  Rate Constant f o r  t h e  Reaction of ~ ( ' p ) '  Atnms 
wi th  Ethylene. Presented a t  177th Natinnal Meeting of American Chcmicnl S o r i -  
e t y ,  Honolulu, Hawaii, A p r i l  1-6, 1979. 
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ABSOLUTE RATE PARAMETERS FOR THE REACTION OF GROUND STATE, OXYGEN ATOMS WITH 
ACETALDEHYDE 

I .; 
BNL - 25192 

R. Bruce Klemm and Edward G .  Skolnik 

Chemical Sciences Divis ion 

. . 
The bimolecular rate c o e f f i c i e n t  f o r  t h e .  r e a c t i o n ,  . 

' 

was measured d i r e c t l y  over 4 wide range i n ,  temperature and t o t a l  p r e s s u r e  . , 

u t i l i z i n g  two independent experimental  techniques.  With t h e  f l a s h  pho to lys i s -  
resbnaqde f luorescence  inethod, kl ,was determined, a t  t o t a l  ,p r&isures  i n  argon 
di . luent of 50 t o  400 t o r r  and a t  s i x  .temperatures over t h e  range: 298 t o  .: , 

507 K. A lower range ,  i n  t o t a l  p ressure , '  1-3 t o r r ,  and, a. wider rang,e i n  . t&- . . 

p e r a t u r e ,  298-748 K,  were afforded us ing t h e  d i scharge  flow-resonance. 
f luorescence  technique.  For t h e  range (298-500 K) where t h e  temperatures' 
overlapped, t h e  two techniques  y ie lded  v i r t u a l l y  t h e  same Arrhenius express ion,  
wi th  an a c t i v a t i o n  energy of approximately 2040 + 180 c a l  mole and a pre- 
exponent ia l  f a c t o r  of about (1.8 zk 0.6) x 1,0-11 cmholec-Ls-l .  These  r e s u l t s  , 

w i l l  be compared t o  those  of previous  s t u d i e s  of t h i s  r e a c t i o n  and t h e  bond 
energy-act ivat ion energy c o r r e l a t i o n  f o r  0-atom/aldehyde r e a c t i o n s  of 
Single ton,  e t  a l .  w i l l  be  d i scussed  w i t h  p a r t i c u l a r  emphasis on t h e  p resen t  
d a t a  as w e l l  a s  some r e c e n t  k i n e t i c  r e s u l t s  on t h e  0 ( 3 ~ )  + H2CO r e a c t i o n .  

Klemm, R. B .  and Skolnik ,  E. G.  Absolute Rate Parameters f o r  t h e  Reastion s f  
Ground S t a t e  Oxygen. Atoms with..Acetaldehyde. . presented a t  177th  .National 
Meeting of American Chemical Socie ty ,  Honolulu, Hawaii, A p r i l  1-6, 1979. - ' 
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METAL HYDRIDES AND ENERGY STORAGE 

Chemical Sciences  Divis ion 

Many meta l s  and a l l o y s  w i l l  r e a c t  d i r e c t l y  and r e v e r s i b l y  w i t h  hydrogen t o  
form meta l  hydr ides .  Severa l  such hydrogen-metal a l l o y  systems have pressure-  
temperature-composition c h a r a c t e r i s t i c s  which a r e  a t t r a c t i v e  f o r  energy 
s t o r a g e  a p p l i c a t i o n s .  A b r i e f  o u t l i n e  of metal  hydr ide  chemistry wi l l .  h e  
given.  A l l  of t h e  systems of i n t e r e s t  involve i n t e r m e t a l l i c  compounds o r  
meta l  a l l o y s  and n o t e  w i l l  b e  made of t h e  competing thermodynamic and 
s t r u c t u r a l  in f luences  which o b t a i n  i n  such cases .  The p e r t i n e n t  p r o p e r t i e s  
of s p e c i f i c  compounds w i l l  b e  discussed and compared wi th  o t h e r  hydrogen o r  
energy s t o r a g e  op t ions .  F i n a l l y ,  engineer ing-scale  demonstrations llsing i r o n  
t i t an ium hydr ide  a s  a source  of hydrogen f u e l  f o r  bo th  automotive and s t a t i o n -  
a r y  a p p l i c a t i o n s  w i l l  b e  desc r ibed .  

R e i l l y ,  J. J. Metal Hydrides and Energy Storage.  Bul l .  Amer. Phys. Soc. 23(3), 
295 (1978). 
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THE SOLUTION OF HYDROGEN I N  BINARY ALLOYS: INTERMETALLIC COMPOUNDS VS. - 
RANDOM ALLOYS 

BNL ' - 24075 

James F. Lynch 

Chemical Sciences  Divis ion 

The s o l u t i o n  of hydrogen i n  t h e  low-temperature modi f i ca t ion  of TiCr 
(C-15 s t r u c t u r e )  has  been inves t iga ted  i n  d e t a i l .  Some of the r e s u l a s  
obta ined i n  t h e  reg ion  of d i l u t e  s o l u t i o n  w i l l  b e  presented.  The behavior 
exh ib i t ed  by in te rmeta l l i c /hydrogen  systems is markedly d i f f e r e n t  from t h a t  
of hydrogen i n  pure  m e t a l s  o r  i n  random b inary  a l l o y s .  Some of t h e s e  d i f f e r -  
ences w i l l  b e  d i scussed  i n  l i g h t  of t h e  T ~ C ~ ~ / H ~  system. 

Lynch, James F. The So lu t ion  of Hydrogen i n  Binary Alloys: I n t e r m e t a l l i c  
Compounds vs .  Random Alloys .  Pres 'ented a t  Albuquerque Hydride Meeting, 
Sandia Labs. , Albuquerque, New Mexico, March 8 and 9, 1978. 
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BNL - 24080 

J. ' J. R e i l l y  and J .  R. Johnson 

Chemical ScTences Div i s ion  

Many metals  and meta l  a l l o y s  w i l l  r e a c t  d i r e c t l y  and r e v e r s i b l y  wi th  hydro- 
gen t o  form a metal  hydr ide .  Several  such metal-hydrogen systems have 
p r o p e r t i e s  which appear a t t r a c t i v e  a s  energy s t o r a g e  media. The f i r s t  p a r t  
of t h e  t a l k  w i l l  b e  concern~rl  w i P F  a brfof o u t l i n e  s f  u~LJ.  I ~ y d r l Q e  chemns- 
t r y  a f t e r  W I I ~ L I I  a ~ ~ l ~ l ~ a s l s  w i l l  be tocused on t h e  r e a c t i o n  of i n t e r m e t a l l i c  
compounds w i t h  hydrogen, t h e  u s e  of thermodynamic and m e t a l l u r g i c a l  c r i t e r i a  
t o  p r e d i c t  r e a c t i o n  paths ,  t h e  p r o p e r t i e s  of s e v e r a l  systems of i n t e r e s t  and 
t h e i r  p r a c t i c a l  a p p l i c a t i o n s .  

R e i l l y ,  J. J. and Johnson, J., R. Syn thes i s ,  P r o p e r t i c s  and Appl icat ions  of 
Some Useful Metal  Hydrides. Presented a t  Albuquerque Hydride.,Meeting, Sandia 
Labs.. A l b l ~ q ~ ~ e ~ q i i ~ ,  New M G X ~ C O ,  March 8 and 9 ,  1978. 
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THE DILUTE SOLUTION. OF HYDROGEN .EN TI,TANIUM/MOLYBDENUM ALLOYS 

BNL - 24717 

James F. Lynch and John Tanaka 

Chemical Sciences  Div i s ion  

The s o l u t i o n  of hydrogen i n  a series of random bcc titanium/molybdenum a l l o y s  
has  been examined over t h e  temperature range 650 K - 1000 K, f o r  samples of 
Mo content  ranging from 45 t o  65 atom %. Ne observe behavior which is  
a t y p i c a l  of hydrogen dissolved in random b inary  a l l o y s .  Of p a r t i c u l a r  i n t e r -  
e s t  a r e  t h e  following po in t s :  

i )  t h e s e  systems conform t o  S iever t s ' .  Law ( i - e . ,  P: = Ks(H/M) only 

i. the very  d i l u t e  reg ion ,  t o  H/H I. 1 x ~ i e r e a f  ter, 
dev ia t ions -  i n  t h e  d i r e c t i o n  of decreased hydrogen s o l u b i l i t y  
a r e  observed. 

i i )  t h e  r e l a t i v e  p a r t i a l  molar enthalpy of hydrogen i n  t h e  a l l o y  
i n c r e a s e s  (becomes l e s s  exothermic) w i t h  inc reas ing  hydrogen 
content .  

3 s  i i i )  p l o t s  of AGH a g a i n s t  hydrogen content  a r e  approximately l i n e a r ;  
however, t h e s e  p l o t s  e x h i b i t  p o s i t i v e  s l o p e s ,  suggest ing H-H 
r e p u l s i o n s  . 

Other a s p e c t s  of t h e  d a t a  a r e  i n  conformity wi th  t y p i c a l  hydrogen/random 
b inary  a l l o y  systems. Thus, f o r  example, t h e  s t andard  p a r t i a l  molar 

1 enthalpy of hydrogen s o l u t i o n  decreases  l i n e a r l y  w i t h  . i n c r e a s i n g  l a t t i c e  
parameter of t h e  pa ren t  a l l o y .  The p a r t i a l  molar entropy of s o l u t i o n  de- 
c reases  wi th  inc reas ing  Mo con ten t ,  suggest ing t h a t  molybdenum atoms block 
i n t e r s t i t i a l  s i t e s  f o r  hydrogen .occupation a t  low hydrogen con ten t s .  

Lynch, James F. and Tanaka, John. The D i l u t e  So lu t ion  of Hydrogen i n  
Titanium/Molybdenum Alloys.  Presented a t  Hydrogen. i n  ' ~ e t a l s  ~ ~ m ~ 6 s i u m ,  
~ Z n s t e r ,  Germany, March 12-17, 19 79. 
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THE ABSORPTION OF HYDROGEN AND DEUTERIUM BY (C-1.5) T i m 2  

BNL - 24718 

James F. Lynch, John R. Johnson, and James-J.  R e i l l y  

Chemical Sciences  Divis ion 

The d i l u t e  s o l u t i o n  of hydrogen (deuterium) i n  t h e  low temperature a l l o t r o p e  
of t h e  i n t e r m e t a l l i c  compound TiCr2 h a s  been i n v e s t i g a t e d  over  a range of 
temperatures  from 272.2 K - 757.0 K. Pronounced p o s i t i v e  d e v i a t i o n s  from 
S i e v e r t s  Law were observed i n  t h e  pressure-composition-f creperat- rcl nt inn -  
shP9s over t h ~  range of pressurao and t m p e r a t u r e s  cadu~i.lltrd. The r e l a r i v e  
p a r t i a l  molar enthalpy of hydrogen (deuterium) absorp t ion  was found t o  
i n c r e a s e  ( i . e . ,  become less exothermic) w i t h  s o l u t e  con ten t ;  t h e  enthalpy was 
independent of temperature  over t h e  range s tud ied  h e r e .  Examination of 
 solute content  r e l a t i o n s h i p s  sugges t s  H-H r e p u l s i v e  i n t e r a c t i o n s .  Ex- 
amination of thermodynamic d a t a  obta ined from t h e  p-c-T r e l a t i o n s h i p s  i n d i c a t e s  

< 
t h a t  f o r  T % 590 K,  a n  i n v e r s e  s o l u b i l i t y  isotope effert i s  observed (i. e . ,  
deuterium s o l u t i o n  more s t a b l e  than hydrogen s o l u t i o n )  . A comparison of 
hydrogen and deuterium s o l u b i l i t i e s  sugges t s  t h a t  t h e  v i b r a t i o n a l  frequency 
of H atoms i n  t h e  T i e 2  l a t t i c e  is y 1 1600 cm-l. 

Lynch, James-F., Johnson, John R . ,  and R e i l l y ,  James J .  The Absorption of 
Hydrogen and Deuterium by CC-15) TiCr2. Presented a t  Hydrogen i b  Metals 
Symposium, ~ G n s t e r  , Germany, March 12-17, 1979. 
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THE SUPERIONIC FLUORITE STRUCTURE: A NEUTRON DIFFRACTION STUDY OF 
PbF2 AND BaF2 

BNL - 24954 

F. Reidinger, J. D. Axe, S. M. Shapiro, N. Wakabayashi 

Chemical Sciences Division 

For many compounds with t h e  f l u o r i t e  s t r u c t u r e  a s p e c i f i c  hea t  anomaly 
accompanied by a l a rge  increase  of t h e  anion mobil i ty  s igna l s  t h e  t r a n s i t i o n  
from an ordered t o  a disordered s t ruc tu re .  Neutron powder d i f f r a c t i o n  s tud i e s  
were ca r r i ed  o u t  between 23 and 7 5 0 ~ ~  f o r  PbF2 and 23 and 1 0 5 0 ~ ~  f o r  B e 2 .  I n  
addi t ion  a neutron da ta  s e t  of a s i n g l e  c r y s t a l  of PbF2 was obtained and 
analysed. Analysis of t h e  high temperature da t a  revea ls  a decrease of f l u o r i n e  
dens i ty  a t  t h e  normal s i t e  (?&) and a bu i ld  up around sites a t  xxx, x = -33 
and .43(1) ,  and a t  945. The l a s t  s i t e  was found t o  be occupied only a t  502 
and 598OC. Even though t h e  3rd order  parameter of F i s  highly s i g n i f i c a n t  a t  
23OC f o r  t he  s ing l e  c r y s t a l  da t a  s e t ,  t h e  powder da t a ,  because of l imi ted  
reso lu t ion ,  revea l  s i g n i f i c a n t  anharmonic e f f e c t s  only a t  4 0 0 ~ ~  f o r  F and a t  
705 and 7 5 0 ~ ~  f o r  both F and Pb. While t h e  i n t e r s t i t i a l  occupanices do not  
follow a simple temperature dependence, t h e  depopulation of the  vd? si te  i s  
l i n e a r  with two d i f f e r e n t  slopes: between 350 and 450°C, t he  temperature 
ran e of t h e  s p e c i f i c  hea t  anomaly, t h e  s lope i s  0.3% per  OC; between 450 and 3 0 750 C it i s  0.06% pe r  C. By ex t rapola t ion  we f i n d  t h a t  a t  855Oc, t h e  melting 
poin t ,  only about 40% of t h e  v4-t sites a r e  occupied. The s lope of U 1 1  of F 
versus  temperature increases  s ix fo ld  a t  about 20o0c, a temperature which i s  
wel l  below t h e  lower l i m i t  of the  s p e c i f i c  hea t  anomaly, where t he  temperature 
dependence of Ull of Pb increases  by t h e  same f ac to r .  For B e 2  only t h e  da t a  
s e t  a t  1 1 5 0 ~ ~  was i n  t he  superionic phase. We found s i g n i f i c a n t  dens i ty  a t  
t he  two xxx s i t e s ,  x = .33(1) and .47(2) .  

We conclude: occupancy of i n t e r s t i t i a l  s i t e s  is c h a r a c t e r i s t i c  f o r  t h e  
superionic f l u o r i t e s .  Occupancy of s i t e s  with d i f f e r e n t  metal-fluorine 
d5.stances i nd i ca t e s  a temperature dependence of t he  corresponding p a i r  
po t en t i a l s .  

Reidinger, F. ,  Axe, J. D . ,  Shapiro, S. M . ,  and Wakabayashi, N.  The Superionic 
F l u o r i t e  Structure:  A Neutron Dif f rac t ion  Study of PbF2 and BaF2. Presented a t  
36th Annual P i t t sburgh  Dif f rac t ion  Conference, P i t t sburgh ,  Pa. ,  October 26-27, 
1978. 
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SINGLE-CRYSTAL NEUTRON DIFFRACTION STUDIES OF GROUP VA METAL HYDRI DES 
(DEUTERIDES) 

F.  Reidinger, J. J. Reil ly and R. W. Stoenner 

Chemical Sciences Division 

Analysis of 34 high-resolution data  s e t s  ( typica l  R-factors a re  about 0.6%) a t  
d i f f e r e n t  temperatures and HLD) concentrations yielded the following resu l t s :  

1) Tile & n i ~ Q t Z o ~ i c  mean-sqliare displaaemonto (IICDs) U 1 1  mil U 2 2  (U33=U22) of 
H ( D )  a t  (%&) i n  the  bcc u n i t  c e l l  depend oli temperature and concentration. 
For V a l loys  Ull/U22 i s  always larger  than 2.0 and increases stronqly with 
tm~perature. For N f j  and Ta al lnys ~ll/U22 decrea~efl  with increasiilq cunceri- 
t r a t i o n  and is  expected t o  reach 1.0 a t  the  upper limits of the  a' phase. 
However f o r  TaH(D)x i n  the a phase and f o r  su f f i c i en t ly  d i l u t e  a l loys  of 
NbH (D)  U l l / U 2 2  and U (H) i i / U ( D )  ii approach the respective c l a s s i ca l  values of 
2.0 and 1.0 and not 1.41 as  predicted by the  widely accepted quantum mechanical 
model. A t  90°c the  U i i  of H ( D )  i n  TaH. 20 (TaD. 13) can be calculated from the 
formula U i i ( H , D )  = .087 (eV) /mu2 with the  appropriate mass m and frequency w.  
This is  a manifestation of the  equi-partition theorem, which i s  generally 
thought t o  be l imited t o  the  c l a s s i ca l  regime. However, H ( D )  i n  these metals 
i s  not a c l a s s i c a l  osc i l l a to r .  We predic t  t h a t  a t  su f f i c i en t ly  low temperatures 
U22 of H i n  TaHx w i l l  be s igni f icant ly  l e s s  than the MSD of the corresponding 
quantum o s c i l l a t o r  due t o  the  l a t t e r ' s  zero-point energy. We conclude t h a t  the  
energies of the v ibra t ional  modes of H ( D )  during i t s  r e s t  phase are  not given 
by the  eigen values of the  corresponding Schzoedinger equation. 

2) k~harntoliicity Of the s i t e  potent ia l  a t  (%@?) i s  evident from density a t  
(.32,0,.44) which i s  present i n  a l l  al loys except TaH.20 and TaD.13. Signi f i -  
cant  (H(D)  density, which was refined by a p a r t i a l  atom approach, was found a t  
the  octahedral s i t e  f o r  NbDx and Ta,Dx, a t  the  , t r igonal  s i t e  f o r  a l l  hydrides 
and a t  both s i t e s  f o r  VDx. I f  these p a r t i a l  atcans a re  interpreted a s  in ter -  
mediate s t a t e s  of a mobile atom, the  diffusion path leads through the  octahedral 
s i t e  f o r  NbDx and TaDx, the  txigonal site f o r  a l l  hydrides and tlu-ougl.~ both s i t e s  
f o r  VDx. However, a consistent  dependence of the  population of these s i t e s  on 
the  ac t iva t ion  energy of diffusion could not be found. For TaH.20 and TaD.12 
there  is s l i g h t  evidence fo r  addit ional  densi ty .a t  (.3,0,0) and (.4,0,0) 
respectively.  We found no indicat ion of the  presence'of higher excited s t a t e s  
of H(D) which might be expected i n  view of the  anomalou.s TJl l /U22 ratios. 



3) The i n i t i a l  i n c r e a s e  of t h e  i s o t r o p i c  MSDs.of t h e  h o s t  atoms g e n e r a l l y  
l e v e l s  o f f  a t  h i j h e r  H (D) concen t ra t ions .  . However, f o r  TaD.79 a t  1 1 0 ~ ~  U 1 1  
of Ta is  smal ler  than  U 1 1  of t h e  pure  metal  a t  t h e  same temperature.  There 
i s  evidence i n  TaH.20 and NbH.82 o f - 4 t h  o rder  anhormonic d i s t o r t i o n s  o f  both  
metal  and H ( D )  s u b l a t t i c e s  which we i n t e r p r e t  a s  premonitory e f f e c t s  of t h e  
t r a n s i t i o n  t o  a  p a r t i a l l y  ordered phase. 

Reidinger ,  F. ,  . R e i l l y ,  J .  J . ,  and Stoenner,  R .  W. S ingle-Crysta l  Neutron 
n i f  f r a c t i o n  S tud ies  of Group VA Metal Hydrides (Deuter ides)  . Presented a t  
36th Annual P i t t s b u r g h  D i f f r a c t i o n  Conference, P i t t s b u r g h ,  Fa., OcLol~er 26-27, 
1978. 
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ON THE 6-a' PHASE TRANSITION OF TaD.77 

BNL - 24964 

F. Reidinger and J. J. R e i l l y  

Chemical Sciences Divis ion 

A s i n g l e  domain c r y s t a l  of TaD.77 was s t u d i e d  by neutron d i f f r a c t i o n  i n  t h e  6 
and a '  phase. The space group of orthorhombic TaD.77 i s  Cccm, wi th  Ta on t h e  
4e s i t e s  and, a t  24OC, 0.749(5) D on t h e  4a sites, 0.007(9) D on t h e  4b and 
0.015(3) D on t h e  16m sites. From t h e  l a t t i c e  cons tan t s ,  a = 3.451.7(6), 11 = 
4,775(11 and r = L,819(1), we aoncludc that the iaEe~d~:Cluu br~ween deureroas 
is repu ls ive .  The t r a n s i t i o n  t o  t h e  a '  phase occurs  i n  two s tages .  The f i r s t  
i s  an  o r d e r - d i s o r d e r  t r a n s i t i o n  wi th  inc reas ing  amounts of Jl being d i s t r i b u t e d  
e q u a l l y  among t h e  4b and 16m sites. The order  parameter fo l lows  a power law 
w i t h  Tc 2 96OC and an  exponent of .11(1). Third and f o u r t h  o r d e r  anharmonic 
parameters are s i g n i f i c a n t  even a t  23OC and some i n c r e a s e  s t r o n g l y  as t h e  phase 
boundary (%96Oc) is approached. A t  94OC t h e  thermal parameters U i i  and t h e  

. r a t i o s  Ull/U22 (U33 2 U22) of D on t h e  main s i t e  d i f f e r  s i g n i f i c a n t l y  from t h e  
corresponding v a l u e s  of D a t  t h e  secondary sites. The appearance of m u l t i p l e  
twinning a t  97OC i n t e r r u p t s  t h e  continuous t r a n s i t i o n  from Cccm t o  Cmmm. This  
second s t a g e  of t h e  t r a n s i t i o n  i s  due t o  t h e  a'-6 two phase region.  A t  1 1 0 ~ ~  
t h e  c r y s t a l  is completely i n  t h e  a '  phase wi th  t h e  space group Im3m (a  = 
3.4111(5) 2). During t h i s  t r a n s i t i o n  U 1 1  of D on t h e  4a s i t e  i n c r e a s e s  abrup t ly  
from .0160(6) t o  .0209(4) g2, whereas U22 (.0110(4) a 2 )  and t h e  Ta-D d i s t a n c e  
i n c r e a s e  continuously.  Anharmonic f o u r t h  o rder  e f f e c t s  a r e  absent  i n  t h e  a '  
phase,  but  D has  a s i g n i f i c a n t  t h i r d  o rder  parameter. Most of D ,  98.7(3)%, 
occupies  t e t r a h e d r a l  sites wi th  t h e  remainder occupying oc tahedra l  sites. I n  
t h e  6 phase,  however, no s i g n i f i c a n t  d e n s i t y  was found on t h e  latter type  of 
siles. 

Reidinger ,  F. and R e i l l y ,  J. J. On t h e  6-a' Phase T r a n s i t i o n  of TaD 
77 ' Presented a t  Annual Meeting of M e t a l l u r g i c a l  Socie ty ,  New Orleans ,  LA., 

February 18-22, 1979. 
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SINGLE CRYSTAL PREPARATION AND CHARACTERIZATION OF THE GROUP V A METAL 
HYDRIDES AND DEUTERIDES 

F. Reidinger , J. J. R e i l l y  and R. W. S toenner , 

Chemical Sciences Divis ion 

S ing le  c r y s t a l s  of t h e  Group V A (vanadium group) hydr ides  and d e u t e r i d e s  have 
been prepared.  The q u a l i t y  of t h e  speciuiens, a s  assessed by X-ray and neutron 
d i f f r a c t i o n  techniques ,  was u s u a l l y  . s u f f i c i e n t  f o r  d e t a i l e d  s t r u c t u r a l  analyses  ' 

which a r e  c u r r e n t l y  i n  progress .  It was noted i n  many cases  t h a t  t h e  s i n g l e  
c r y s t a l  hydr ide  (deuter ide)  could b e  cycled through t h e  a'-6 phase t r a n s i t i o n  
without a d e t e r i o r a t i o n  i n  c r y s t a l  q u a l i t y .  I n  one case  a s i n g l e  domain, 
s i n g l e  c r y s t a l  of TaD 

0.79 (6 phase) was s u c c e s s f u l l y  produced. 

Reidinger,  F . ,  R e i l l y ,  J. J . ,  and Stoenner ,  R .  W. S i n g l e  C r y s t a l  P repara t ion  
and Charac te r iza t ion  of t h e  Group VA Metal Hydrides and Deuter ides .  S c r i p t a  
Metal lurgica  (submitted) . 
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A SINGLE-CRYSTAL NEUTRON-DIFFRACTION STUDY OF NbH.82 I N  THE SUPERIONIC PHASE 

BNL- 25397 

F. Reidinger ,  J. J. R e i l l y  and R. W. Stoenner 

Chemical sc iences  Div i s ion  

The high-resolut ion (~ in8~ , , /X=l .  2) and high-precis ion s tudy  (RF=. 3%) a t  
l l g O c  confirms t h e  t e t r a h e d r a l  i n t e r s t i c e s  (kO%) of t h e  bcc l a t t i c e  as t h e  

i f ibrPum sites f o r  H. T l i e  mean-square d i s p l a c m e n t  (MSD) of Nb 
(.0059(1) ) is  about 20% s m a l l ~ r  than T.T;l.l. o f  put0 Nb, and a fcrbrtl~ u ~ c l r r  

a YY 
component D l l l l  i s  r~uw presenc. 'I'he a n i s o t r o p i c  MSDs of H,  Ul1=.0306(7), 
U22=.0167(2) (U33=U22), a r e  l a r g e r  than t h e  r e s p e c t i v e  v a l u e s  of .0182 and 
.0129 pred ic ted  by t h e  s imple  quantiim harmonic o s c i l l a t o r  model f ram t h e  
observed energ ies  of t h e  corresponding l o c a l i z e d  modes. I n  p a r t i c u l a r  t h e  
v a l u e  of 1.84(5) f o r  UlllU22 ques t ions  the a p p l i c a b i l i t y  of t h e  textbook 
model. Anharmonic e f f e c t s ,  a l though t o o  small t o  account f o r  such a  d i s -  
crepancy, a r e  s t i l l  s i g n i f i c a n t  : r e s i d u a l  d c n s i t y  a t  .42,0 , .  34, charac re r -  
i s t i c  of t e t r a h e d r a l  s i t e  symmetry, can be f u l l y  descr ibed by a  t h i r d  order  
parameter ,  whi le  d e n s i t y  a t  3/8,0/3/8 i s  b e s t  descr ibed by 2.5(3)% uf a H. 
We i n t e r p r e t  D2222, t h e  l a r g e s t  f o u r t h  order  parameter of H, and t h e  an- 
harmonic d i s t o r t i o n  of Nb a s  premonitory e f f e c t s  of t h e  al-B t r a n s i t i o n  a t  
117OC. The d e n s i t y  a t  t h e  sadd le  p o i n t ,  3/8,0,3/8,  cannot be r e l a t e d  by a  
Boltzman f a c t o r  t o  t h e  a c t i v a t i o n  energy of d i f f u s i o n ,  but is c o n s i s t e n t  
wi th  a  hopping mechanism, i f  a  r a t i o  of about 1:50 i s  assumed f o r  t h e  r a t i o  
between hupping and l o c a l i z e d  f requencies .  Di f fus ion  v i a  an  extended i n t e r -  
media te  s t a t e  o r  band s t a t e s  is  i n c o n s i s t e n t  wi th  t h e  p resen t  p r o b a b i l i t y  
d e n s i t y  of H which can be u n i q i ~ ~ l y  represented by a  p a r t i a l  Four ier  synLhet;ie. 

Reidinger ,  F . ,  R e i l l y ,  J .  J . ,  and Stoenner,  R .  W. A S i n g l e - C r y s ~ a l  Neufyon- 
U i f f r a c t i o n  Study of NbH.82 i n  t h e  Super ionic  Phase. Presented a t  American 
Crys ta l lograph ic  Assoc ia t ion  Meeting, HonolulG, Hawaii, E.larcl~ 26.-90, 191~. 
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MECHANO~EMICAZ, EFFECTS IN COAL CONVERSION. ' 1. . COAZ. HYDROGENATION IN 
GASEOUS HYDROGEN AIDED BY MECHANICAL ENERGY 

BNL - 24370 

Ralph T. Yang 

Chemical Sciences Divis ion . . 

Hydrogenation experiments wi th  a 'pennsy lvan ia  a n t h r a c i t e  c o a l  were c a r r i e d  
out  i n  H2 under t h e  following condi t ions :  .with simultaneous gr inding;  wi th  
g r ind ing  and . the  a d d i t i o n  of 1% t i n ;  wi thout  simultaneous g r ind ing ;  and 
wi thout  g r ind ing  but  wi th  t h e  a d d i t i o n  o f  SnCl (1% Sn). Temperature was 

0 
maintained a t  442 C and pressure  a t  1000 p s i g  f ~ 6 . 8  m a ) .  By e l imina t ing  o r  
minimizing t h e  e f f e c t s  of hea t ing  due t o  gr inding and of s i z e  and mass t rans-  
f e r ,  t h e  n e t  e f f e c t s  on hydrogenat ion 'of  t h e  above cond i t ions 'were  examined. 
SnC12, a s  expected,  increased t h e  l i g h t  products,  bo th  gaseous and l i q u i d .  
Grinding s u b s t a n t i a l l y  increased t h e  heavy o i l  products  (MW ~ 2 8 0 ) ,  b u t  n o t  
t h e  l i g h t  f r a c t i o n s .  The e f f e c t  of .gr inding i n  combination w i t h  the a d d i t i o n  
of t i n  was very s i m i l a r  t o  t h e  e f f e c t  of. SnC12. A simple mechanis t ic  scheme 
is pos tu la ted  t o  r e p r e s e n t  t h e s e  e f f e c t s .  Ra t iona le  of t h e  mechanochemical 
e f f e c t s  i s  presented.  Some prel iminary r e s u l t s  of t h e  ESR measurements 
regarding t h e s e  e f f e c t s  a r e  a l s o  included. 

Yang, Ralph T .  Mechanochemical E f f e c t s  i n  Coal Conversion. 1. Coal Hydro- 
gena t ion  i n  Gaseous Hydrogen Aided by Mechanical Energy. Fuel (submit ted) .  
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A MECHANISTIC STUDY OF THE HYDROGENATION/DEHYDROGENATION OF SOME 
HY DROAROMAT I CS 

BNL - 24575 

T. Gangwer, S. Casano, and D. MacKenzie 

Chemical Sciences  Divis ion 

The k i n e t i c s  of t h e  t e t r a l i n / l , 2  dihydronaphthalene/naphthalene system i n  t h e  
gas phase were s t u d i e d .  The r e a c t i o n s  were found t o  be  heterogeneous and 
followed zero o r d e r  r a t e  laws i n  our q u a r t z  v e s s e l s .  The r a t e  c o n s t a n t s  
measured f o r  i n i t i a l  t e t r a l i n  convers ion t o  1,2-dihydronaphthalene p l u s  
hydrogen and f o r  i n i t i a l  1,2-dihydronaphthalene conversion t o  naphthalene 
p l u s  hydrogen were 3.1 x FI min-' and 4 . 6  x 10'1° M nlin-l em'*, 
r e ~ p c c t i v e l y .  A ~ ~ ~ r t r h a n i s t i c  model is proposed f o r  Lhe system and t h e  n a t u r e  
of t h e  heterogeneous sites a r e  d i scussed .  

Gangwer, T. ,  Casano, S . ,  and MacKenzie, D. A Mechanis t ic  Study of t h e  Hydro- 
gena t  ion/Dehydrogenation of Some Hydroa'romatics . J . Phys . Chem. (submit ced) . 
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HYDROGEN TRANSFER MECHANISMS RELEVANT TO COAL LIQUEFACTION 

BNL - 25227 

Tom Gangwer 

Chemical Sciences  Div i s ion  

The u s e  of hydroarana t i c  s o l v e n t s  t o  conver t  c o a l  t o  l i q u i d  products  i s  t h e  
b a s i s  of s e v e r a l  c o a l  conversion processes .  Although t h e  t ime dependence of 
c o a l  l i q u e f a c t i o n  f o r  t h e s e  systems has  been s t u d i e d ,  i n t e r p r e t a t i o n  of t h e  
repor ted  concen t ra t ion  t ime p r o f i l e s  i n  terms of s p e c i f i c  chemical r e a c t i o n  
sequences h a s  n o t  been f e a s i b l e  f o r  such complex mixtures .  Yet some s p e c i f i c  
mechanis t ic  d e t a i l  is needed t o  g a i n  i n s i g h t  i n t o  c o a l  l i q u e f a c t i o n  chemistry 
f o r  t h e  purpose of improving conversion processes .  This  t a l k  w i l l  p r e s e n t  
r e s u l t s  from an ongoing s tudy  i n t o  t h e  chemistry which is t h e  b a s i s  of 
l i q u e f a c t i o n :  t h e  mechanism by which hydroaromatic molecules t r a n s f e r  
hydrogen. 

The system s tud ied  was tetralin/dihydronaphthalenes/naphthalene a t  400'~. 
Th is  system undergoes r e a c t i o n s  which a r e  t y p i c a l  of t h e  hydrogen t r a n s f e r  
chemistry occurr ing during c o a l  l i q u e f a c t i o n .  The mechanis t ic  d e t a i l s  of 
t h i s  system w i l l  be presented.  The v a l u e  of t h e  i n s i t e  gained from t h i s  
phase of t h e  program i n  l ay ing  a foundat ion on which t o  b u i l d  an  under- 
s tanding of t h e  complex l i q u e f a c t i o n  chemist ry  w i l l  be discussed.  

I n  t h e  l i q u e f a c t i o n  process ,  t h e  mineral  m a t t e r  p resen t  i n  t h e  r e a c t i n g  c o a l  
may be  p r w i d i n g  c a t a l y t i c  s u r f a c e s  f o r  hydrogenation-dehydrogenation. A 
number of t h e  minera l s  commonly found i n  c o a l  have been s t u d i e d  f o r  t h e i r  
c a t a l y t i c  e f f e c t s  on t h e  t e t r a l i n  system. This  work has  r e s u l t e d  i n  a 
ranking of t h e  minera l s  and i d e n t i f i c a t i o n  of a minera l  component common t o  

- t h e  more r e a c t i v e  minerals .  The r e s u l t s  from t h i s  phase of t h e  program w i l l  
be presented.  

Gangwer , T. Hydrogen Transfer  Mechanisms Relevant t o  Coal Lique,faction. 
Informal p r e s e n t a t i o n  a t  Mobil Research & Development Corp., Pr inceton,  
New J e r s e y ,  December 15,  1978. 
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HYDROGEN TRANSFER CATALYTIC ACTIVITY OF MINERALS.COMMON TO COAL 

BNL - 25235 

T. Gangwer and H. Prasad 

Cheulical Sciences Div i s ion  

The hydrogenation/drhydrogenation c a t a l y t i c  a c t i v i t y  of minera l s  commonly 
p r e s e n t  i n  c o a l  was i n v e s t i g a t e d .  The e x t e n t  of r e a c t i o n  undergone by t h e  
model hydrugen t r a n s f e r  system t e t r a l i n / l , 2  dihydronaphthalene/naphthalene 
a t  400°C i n  t h e  presence of t h e s e  m i n ~ r a l s  was used t o  maaourc t h c  e a t n l y t i c  
a c t i v i t y  s Change& i l k  1l1e urganic and inorgan ic  components were ulunitored 
us ing k i n e t f c  , spec t roscop ic  and phys ica l  measurement (i. e. , x-ray d i f f r a c t i o n ;  
BET) techniques.  

For t h e  f o u r  most a c t i v e  minera l s ,  t h e  o rder  of c a t a y y t i c  a c t i v i t y  pe r  gram of 
minera l ,  f o r  a g iven  range of p a r t i c l e  s i z e ,  i s  l imoni tes  > pyr t t es  > d i a s p o r e  
> magnet i tes .  The pure  chemical anal.og of t h e  l i m o n i t e s ,  Fe203, w a s  found t o  
have c a t a l y t i c  a c t i v i t y  comparable w i t h  t h e  l imoni tes .  Heating t h e  minera l s  
a t  4 0 0 ' ~  be fore  running t h e  r e a c t i o n  was found t o  decrease  t h e s e  c a t a l y t i c  
a c t i v i t i e s  d e s p i t e  t h e  s u r f a c e  a r e a  i n c r e a s e s  r e s u l t i n g  from t h e  anneal ing 
process .  The c a t a l y t i c  a c t i v i t y  pe r  u n i t  a r e a  of minera l  was determined and 
used a s  a n  index of t h e  c a t a l y t i c  a c t i v i t y  of t h e  r e a c t i v e  s i t e s  f o r  t h e s e  
heterogeneous systems. The order  of decreas ing s i t e  c a t a l y s i s  a c t i v i t y  f o r  
t h e  more a c t i v e  m i n e r a l s  is p y r i t e s  > magnet i tes  > d i a s p o r e  > l imoni tes .  

The observed mineral /chemical  compound c a t a l y t i c  a c t i v i t i e s  i n d i c a t e  t h a t  t h e  
more r e a c t i v e  minera l  hydrogenatii.on/dehydrogenation c s t a l y t  i c  s i t e s  a r e  
comprised of i r o n  compounds. 

Gangwer, T. and Prasad,  H. Hydrogen Transfer  C a t a l y t i c  A c t i v i t y  of Minerals 
Common t o  Coal. Presented a t  1 3 t h  Middle A t l a n t i c  ~ e g i o n a l  Meeting, West 
Long Branch, New J e r s e y ,  March 19-23, 1979; Fuel (asuhmitted). 

Program: Chemistry and Physics  of Coal U t i l i z a t i o n  

Sponsor: DOE - O f f i c e  of Basic  Energy Sc iences ,  
Chemical Sciences Div i s ion  



THERMODYNAMICS OF LIQUID Ca-Ag AND Ca-In ALLOYS . . 

BNL - 23661 

J. Delcet  and J. J.  Egan 

Chemical Sciences Divis ion 

Free  energ ies  of mixing have been determined f o r  t h e  l i q u i d  b inary  a l l o y s  
Ca-Ag and Ca-In a t  800°c us ing an emf technique. employing CaF2 a s  a s o l i d  
e l e c t r o l y t e .  Although p a r t i a l  e l e c t r o n i c  conduction e x i s t s  under c e r t a i n  
cond i t ions  i n  CaF2, i t  was s t i l l  found u s e f u l  a s  an  e l e c t r o l y t e  t o  o b t a i n  
thermodynamic da ta .  Appropriate equat ions  a r e  presented.  The entropy of 
mixing of Ca-In a l l o y s  is  a l s o  given.  

Delcet ,  J.  and Egan, J. J .  Thermodynamics of Liquid Ca-Ag and Ca-In Alloys.  
J. Less-Common Met. 59, 229 (1978). 

Program: High Temperature Chemistry 

S p o n s c ~ ~ :  DOE - Off i c e  of B a ~ i c  Energy ~ c ' i e n c e s ,  
Chemical Sciences ~ i v i s i o n  . 



THERMODYNAMICS OF DILUTE TERNARY CALCIUM ALLOYS 

BNL - 23809 

J. Delcet  and J. J. Egan 

Chemical Sciences Div i s ion  

The change i n  t h e  r e l a t i v e  excess p a r t i a l  f r e e  energ ies  of Ca i n  t h e  s o l v e n t  
0 

meta l s  B i ,  I n ,  and Zn w i t h  a d d i t i o n  of Mg has  been determined a t  800 C by 
opera t ing  t h e  c e l l s  

where t h e  mole f r a c t i o n  o t  Mg was v a r i e d  from 0.02 t o  0.08. 

R e s u l t s  agreed w i t h  those  p red ic ted  by t h e  equat ion 

which g i v e s  t h e  behavior of t h e  excess f r e e  energ ies  of t h e  d i l u t e  t e r n a r y  
systems i f  t h e  behavior of t h e  b inary  systems a r e  known. Fur the r ,  t h i s  
equa t ion  was der ived by Wagner on t h e  b a s i s  t h a t  t h e  Fermi energy of e lec-  
t r o n s  is t h e  determining f a c t o r  i n  devia t , ions  from i d e a l i t y .  Resu l t s  thus  
lend support  t o  t h e  i d e a  t h a t  extreme non- ideal i ty  i n  a l l o y s  of Ca and Mg 
with  B i ,  I n ,  and Zn is  predominantly in£ luenced by t h e  e l e c t r o n i c  cons t i -  
t u t i o n .  

Delcet ,  J. and Egan, J.  J. Thermodynamics of D i l u t e  Ternary Ca Alloys.  
Met. Trans.  B (submit ted) .  

Program: High Temperature Chemistry 

Sponsor: DOE - O f f i c e  of Basic  Energy Sciences,  
Chemical Sciences  Divis ion 



ELECTRONIC CONDUCTION I N  MOLTEN POTASSIUM CHLORIDE 

BNL - 25368 

R. E. Davis, R. J. Heus and J. J. Egan 

Chemical Sciences  Divis ion 

The Wagner-Hebb p o l a r i z a t i o n  technique,  u s u a l l y  app l i ed  t o  s o l i d s ,  has  been 
employed t o  measure e l e c t r o n i c  conduc t iv i ty  i n  molten KC1. S teady-s ta te  cur- 
r e n t s  were measured a t  v a r i o u s  a p p l i e d  v o l t a g e s  f o r  t h e  c e l l  

R e s u l t s  showed t h e  e l e c t r o n i c  c o n d u c t i v i t y  t o  be  p r o p o r t i o n a l  t o  t h e  a c t i v i t y  
of K i n  K C 1  a t  temperatures  between 800°C and 860°C and f o r  a c t i v i t i e s  of po- 
tass ium l e s s  than 0.02. The apparent  m o b i l i t y  and d i f f u s i o n  c o e f f i c i e n t  of  
e l e c t r o n s  a r e  r epor ted  a s  w e l l  a s  t h e  a c t i v i t y . c o e f f i c i e n t  of K i n  K C 1  and t h e  
t r a n s f e r e n c e  number of ions ,  

Davis,  R. E . ,  Heus, R .  J . ,  and Egan, J. J. E l e c t r o n i c  Conduction i n  Molten 
Potassium Chloride.  Presented a t  E'lectrochemical Soc ie ty  Meeting, P i t t s b u r g h ,  
Pa., October 1978; J. Electrochem. Soc. (submitted) . 

Program: High Temperature Chemistry 

Sponsor: DOE - O f f i c e  of Basic  Energy Sciences ,  
Chemical Sciences  Div i s ion  



THE FREE ENERGY OF FORMATION OF CaC2 . 

BNL - 25520 

J. Delcet  and J. J. Egan 

Chemical Sciences  Div i s ion  

The f r e e  energy of format ion o f  s o l i d  CaC2 was determined a t  temperatures be- 
tween 7 0 0 ~ ~  and 8 0 0 ' ~  by measuring t h e  emf of t h e  c e l l  

A t  800°c, t h e  f r e e  energy' was found t o  b e  

De lce t ,  J. and -Egan, J. J. The Free  Energy of Formation of CaC .I. Chem. 
Thermodynamics (submitted) 

2 -  

Program: High Temperature Chemistry 

, Sponsor: DOE - O f f i c e  of Bas ic  Energy s c i e n c e s ,  
Chemical Sciences  Divis ion 



EQUILIBRIUM TKEORY OF. ISOTOPE SEPARATION V I A  HEATLESS ADSORPTION 

BNL - 24252 . 

F. B .  H i l l ,  Y .  W. Wong and Y .  N. Chan 

Chemical Sciences Divis2on 

A theory of equ i l ib r ium h e a t l e s s  adsorp t ion  was developed f o r  s e p a r a t i o n  of 
two-component i s o t o p e  mixtures .  It was assumed, t h a t  both  components a r e  
adsorbed ' and obey a l i n e a r  d i s t r i b u t i o n  law wi th  one component p resen t  a t  
t r a c e  l e v e l s .  Ca lcu la t ions  a r e  presented on t h e  performance of a s i n g l e  
s t a g e  a s  a. f u n c t i o n  of s e p a r a t i o n  f a c t o r ,  p r e s s u r e ' r a t i o  and o ther  opera t ing  
parameters.  Condit ions f o r . t h e  complete removal of t h e  more s t r o n g l y ' a d -  
sorbed component from t h e  .product stream a r e  a l s o  given.  Fea tu res  discussed 
inc lude  t h e  c r i t i c a l  purge-to-feed r a t i o ,  enrichment i n  t h e  purge steam, and 
t r a n s i e n t  behavior of t h e  columns. 

H i l l ,  F. R . ,  Wong, Y.  W. ,  and Chan, Y. N. Equil ibrium Theory of I so tope  
Separat ion Via Hea t less  Adsorption. Presented a t  AIChE 71st  Annual Meeting, 
M i a m i  Beach, F l o r i d a ,  November 12-16, 1978. 

Program: Cyclic Separat ions  Process  Research 

Sponsor: DOE - Off ice  of Basic  Energy Sciences ,  
Chemical Sciences Divison 



EQUILIBRIUM AND KINETICS STUDIES OF HYDROGEN ISOTOPE EXCHANGE ON VANADIUM 
HYDRIDE 

BNL - 24638 

Y. W. Wong and F .  B. H i l l  

Chemical Sciences Divis ion 

Chromatography experiments and pressure-composition isotherm measurements 
were c a r r i e d  o u t  on t h e  vanadium-hydrogen system i n  o rder  t o  o b t a i n  an  
understanding ,of t h e  equj.l.ibrium and k i n e t i c  factor.s affrr - . lXing hgdrogon 
ns6tope exchange. ~ n a i y s i s  of t h e  r e s u l t s  y ie lded  va lues  of t h e  hydrogen . 

equ i l ib r ium d i s t r i b u t i o n  c o e f f i c i e n t  , t h e  tr i t ium-protium s e p a r a t i o n  f a c t o r ,  
t h e  r a t e  of t h e  gas-sol id  exchange r e a c t i o n ,  and t h e  a x i a l  d i s p e r s i o n  
c o e f f i c i e n t  . 

Wong, Y .  W .  and Hill, F. B. Equil ibrium and K i n e t i c s  S tud ies  of Hydrogen 
I so tope  Exchange on Vanadium Hydride. A. I .Ch .E. .Tniirnal (submitted) . 
Program: Cycl ic  Separat ions  Process Research 

Sponsor: DOE .- Off i c e  of Basic  Energy Sciences ,  
Chemical Sciences  Div i s ion  



TRITIUM REMOVAL USING VANADIUM HYDRIDE 

BNL - 24659 

F. B. H i l l ,  Y. W, Wong, and Y. N. Chan 

Chemical Sciences Divis ion 

The r e s u l t s  of an i n i t i a l  examination of t h e  f e a s i b i l i t y  of s e p a r a t i o n  of 
t r i t i u m  from gaseous protium-tri t ium mixtures  us ing vanadium hydride  i n  
c y c l i c  processes  is repor ted .  I n t e r e s t  was drawn t o  t h e  vanadium-hydrogen 
system because of t h e  so-cal led  i n v e r s e  i s o t o p e  e f f e c t  exh ib i t ed  by t h i s  
system. Thus t h e  t r i t i d e  is more s t a b l e  than t h e  p r o t i d e ,  a  f a c t  which makes 
t h e  system a t t r a c t i v e  f o r  revova l  of t r i t i u m  from a  mixture  i n  which t h e  
l i g h t  i s o t o p e  predominates. The i n i t i a l  r e s u l t s  of t h r e e  phases of t h e  re -  
s e a r c h  program a r e  r e p o r t e d ,  dea l ing  w i t h  s t u d i e s  of t h e  equi l ibr ium and 
k i n e t i c s  p r o p e r t i e s  of i s o t o p e  exchange, development of a n  equ i l ib r ium theory 
of i s o t o p e  s e p a r a t i o n  v i a  h e a t l e s s  adsorp t ion ,  and experiments on t h e  per- 
formance of a  s i n g l e  h e a t l e s s  adsorp t ion  s t a g e .  

I n  t h e  equ i l ib r ium and k i n e t i c s  s t u d i e s ,  measurements were made'of pressure-  
composition isotherms, t h e  HT-H2 s e p a r a t i o n  f a c t o r s  and r a t e s  of HT-H2 
exchange. This  informat ion was used t o  e v a l u a t e  cons tan t s  i n  t h e  theory and 
t o  understand t h e  performance of t h e  h e a t l e s s  adsorp t ion  experbients .  

A r e c e n t l y  developed equ i l ib r ium theory of h e a t l e s s  adsorp t ion  was app l ied  t o  
t h e  HT-H2 s e p a r a t i o n  us ing vanadium hydride .  Using t h e  theory i t  was pre- 
d i c t e d  t h a t  no s e p a r a t i o n  would occur b y p r e s s u r e c y c l i n g  wholly w i t h i n  t h e  f3 
phase bu t  t h a t  s e p a r a t i o n  would occur by .cycling between t h e  B and y phases 
and us ing  h igh  purge-to-feed r a t i o s .  

Hea t less  adsorp t ion  experiments conducted w i t h i n  t h e  B phase l e d  t o  i n v e r s e  
s e p a r a t i o n s  r a t h e r  than  no s e p a r a t i o n .  A k i n e t i c  i s o t o p e  e f f e c t  may b e  
respons ib le .  Cycling between t h e  B and y phases l ed  t o  s e p a r a t i o n  bu t  no t  
t o  t h e  p red ic ted  complete removal of HT from t h e  product stream, poss ib ly  
because of f i n i t e  r a t e s  of exchange. 

Fur the r  experimental  and t h e o r e t i c a l  work is suggested which luay u l t i m a t e l y  
make p o s s i b l e  assessment of t h e  f e a s i b i l i t y  and p r a c t i c a b i l i t y  of hydrogen 
i s o t o p e  s e p a r a t i o n  by t h i s  approach. 

H i l l ,  F. B . ,  Wong, Y. W. ,  and Chan, Y.  N.  T r i t ium Removal Using Vanadium 
Hydride. Presented a t  F i f t e e n t h  D.O.E.  Nuclear A i r  Cleaning Conference, 
Boston, Mass., August 1978. 

Program: Cycl ic  Separa t ions  Process  Research 

Sponsor: DOE - O f f i c e  of Basic  Energy Sciences ,  
chemical Sciences  Divis ion 



DYNAMICS OF BUBBLES AND ENTRAINED PARTICLES I N  A ROTATING FLUIDIZED BED 

BNL - 24881 

Rene Chevray, Yau Nam I. Chan, and Frank B.  H i l l  

Chemical Sciences  Div i s ion  

Equations f o r  t h e  motion of bubbles and en t ra ined  p a r t i c l e s  i n  t h e  r o t a t i n g  
f l u i d i z e d  bed a r e  p resen ted  and solved f o r  a bed w i t h  a v e r t i c a l  a x i s .  
I l l u s t r a t i v e  t r a j e c t o r i e s  a r e  shown f o r  a r e f e r e n c e  frame r o t a t i n g  wi th  t h e  
bed. 

A t  g-loadings of i n t e r e s t  i n  r o t a t i n g  f l u i d i z e d  bed combustors t h e  bubble 
v e l o c i t y  p red ic ted  v i a  t h e  Davies-Taylnr approach a g r e e s  w e l l  w . i  Irti that 
obtained f rum s o l u t i o n  of t h e  complete three-dimensional f o r c e  balance 
equat ions .  However t h e  l a t t e r  equat ions  a r e  requ i red  t o  p r e d i c t  ~11e de- 
f l e c t i o n  from a pure ly  r a d i a l  p a t h  a r i s i n g  from t h e  a c t i o n  of t h e  C o r i o l i s  
f o r c e .  The d e f l e c t i o n .  is s i ~ h s t a n t i a l  i n  t h i c k  beds .and should c o n t r i b u t e '  
s i g n i f i c a n t l y  t o  good s o l i d s  mixing i n  bubbling r o t a t i n g  systems. 

Large p a r t i c l e s  e j e c t e d  from t h e  bed s u r f  a c e  pass  through t h e  f reeboard and 
r e t u r n  t o  t h e  bed a t  p o i n t s  which a r e  considerably  removed from t h e  p o i n t  of 
e j e c t i o n .  This phenomenon a l s o  f a c i l i t a t e s  s o l i d s  mixing. P a r t i c l e s  ,of  
in te rmedia te  s i z e  a r e  trapped i n  t h e  f reeboard region and s i n k  slowly t o  t h e  
bottom of t h e  v e s s e l .  Small p a r t i c l e s  fol low a h e l i c a l  t r a j w t n r y  i n  the 
course UP being e l u t r i a t e d  from t h e  bed.  The r o t a t i n g  f l u i d i z e d  bed is 
shown t o  r e t a i n  p a r t i c l e s  of a t  l e a s t  t h e  same s i z e  a s  those  r e t a i n e d  by t h e  
customary s t a t i o n a r y  f l u i d i z e d  hed b u t  a t  g gao f l o w r a t e  higher by  a f a c t o r  
equal  numerical ly  t o  t h e  g-load ing  . 

Chevray, Rene, Chan, Yau Nam I. ,  and H i l l ,  Frank B .  Dynamics of Bubblea and 
Entra ined P a r t i c l e s  i n  a Rotat ing F lu id ized  Bed. Presented a t  A.1.Ch.E. 
86 th  Nat ional  Meeting, Houston, Texas, Apr i l  1-5, 1979. 

Program: Cycl ic  Separa t ions  Process Research 

Sponsor: DOE - Off i c e  of Basic  Energy Sciences ,  
Chemical Sciences  Div i s ion  



EQUILIBRIUM THEORY OF HEATLESS ADSORPTION 

BNL - 25398 

Yau Nam I, Chan, Frank B. H i l l ,  and Yiu Wah Wong 

Chemical Sciences  Divis ion 

The equ i l ib r ium theory of h e a t l e s s  adsorp t ion  (Shendalman and M i t c h e l l ,  1972) 
was der ived f o r  t h e  c a s e  of i so thermal  removal of a , s i n g l e  adsorbable  component, 
p resen t  a t  t r a c e  l e v e l s ,  f r a n  an  i n e r t  - c a r r i e r .  'The a d s o r b h g  component obeyed 
a l i n e a r  d i s t r i b u t i o n  law. I n  t h e  p r e s e n t  work, a modi f i ca t ion  is made i n  t h e  
c a l c u l a t i o n  ofi s o r b a t e  ,uptake i n  t h e  p r e s s u r i z a t i o n  s t e p  of t h e  p rocess ,  thereby 
rendering m a t e r f a l  balances  f o r  a l l  . s teps  i n  t h e  process  exact .  

The modified theory is presented and extended t o  t h e  c a s e  of t h e  two component 
system i n  which bo th  canponents a r e  adsorbable.  The equat ions  desc r ib ing  t h e  
two s i t u a t i o n s  a r e  i d e n t i c a l  except f o r  t h e  i n t e r p r e t a t i o n  of t h e  parameter ,@,  
For t h e  i n e r t  major component case ,  @ is t h e  equ i l ib r ium f r a c t i o n  of t h e  t r a c e  
component i n  t h e  gas. For an adsorbing major canponent, it is  t h e  r a t i o  of t h e  
equi l ibr ium capac i ty  of t h e  column f o r  t h e  major component r e l a t i v e  t o  t h a t  of 
t h e  minor. I n  t h e  s i t u a t i o n  where b o t h  canponents a r e  s t r o n g l y  adsorbable ,  @ 
becomes t h e  r e c i p r o c a l  of t h e  s e p a r a t i o n  f a c t o r  of t h e  t r a c e  component r e l a t i v e  
t o  t h e  major canponent. 

A survey was made of t h e  p r e d i c t i o n s  of t h e  cor rec ted  theory.  Ca lcu la t ions  were 
made of t h e  s t eady  s t a t e  performance of a s i n g l e  h e a t l e s s  adsorp t ion  s t a g e  when 
operat ing a t  t h e  cond i t ion  of complete r e m w a l  of t h e  t r a c e  canponent from t h e  
product stream. Q u a n t i t i e s  c a l c u l a t e d  included t h e  c r i t i c a l  purge t o  feed  
r a t i o ,  e n r i c b e n t s  i n  t h e  purge and i n  t h e  blowdown g a s ,  and o v e r a l l  enrichment. 

Operation a t  t h e  c r i t i c a l  purge t o  feed  r a t i o  f o r  p e r f e c t  cleanup and t h e  
s h o r t e s t  column leng th  corresponds t o  t h e  cond i t ion  of maximum sorbent  u t i l i -  
z a t t o n ,  providing a n  upper bound on t h e  performance of t h e  column. The w e r a l l  
enrichment i n c r e a s e s  wi th  p r e s s u r e  r a t i o  and decreases  w i t h  B. It is  domina- 
t ed  by t h e  enrichment i n  t h e  purge stream f o r  smal l  v a l u e s  of @. A t  a purge 
t o  feed  r a t i o  g r e a t e r  than  t h e  c r i t r c a l ,  t h e  o v e r a l l  enrichment i s  diminished 
and e x h i b i t s  a maximum w i t h  r e s p e c t  t o  p r e s s u r e  r a t i o .  ' F o r  s e p a r a t i o n  f a c t o r s  
l e s s  than u n i t y ,  a s  expected,  only modest d e p l e t i o n  of t h e  t r a c e  component 
i n  t h e  product stream is  found, and t h i s  d e p l e t i o n  i s  r e l a t i v e l y  i n s e n s i t i v e  
t o  p r e s s u r e  r a t i o .  From t r a n s i e n t  c a l c u l a t i o n s ,  t h e  number of c y c l e s  requ i red  
t o  reach  s teady  state i n c r e a s e s  wi th  p r e s s u r e  r a t i o .  

Chan, Yau Nam I. ,  H i l l ,  Frank B . ,  and Wong, Yiu Wah. Equil ibrium Theory of 
Hea t less  Adsorption. Presented a t  A.1.Ch.E. 86 th  Nat ional  Meeting, Houston, 
Texas, A p r i l  1-5, 1979. 

Program: Cyc l ic  Separat ions  Process  Research 
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'GRACE ELEMENT ANALYSIS BY SYNCHROTRON RADIATION INDUCED X-RAY FLUORESCENCE 

BNL - 25262 

B. M. Gordon 

Chemical Sciences Division 

The mer i t s  of using X rays produced i n  an e l ec t ron  s torage  r ing  (synchrotron 
r ad ia t ion ) ,  a s  t h e  energy source in-<the appl ica t ion  of x-ray fluorescence t o  
multi-elemental t r a c e  ana lys i s  is ,discussed:  Among the  proper t ies  making 
synchrotron produced X rays p a r t i c u l a r l y  n s ~ . f i i l  RTP , its p ~ l a r i ~ a t  ion,  high 
intensity and t u n a b i l i t y  1 r . u ~  ~;~lzu~tLinuous. eneitgy spectrum. Sens i t i v i ty  
ca lcu la t ions  a r e  presented t o  i l l u s t r a t e  t he  c a p a b i l i t i e s  of t he  technique. 
Also, t he  high i n t e n s i t y  synclirotron r ad ia t ion  can provide chemical ~ p c c i a t i o n  
information f o r  elements a t  t he  p a r t s  per mi l l i on  l eve l .  Preliminary plans 
f o r  microprobe ana lys is  of one micron reso lu t ion  a t  t he  Rrookhaven National 
Synchrotron Light Source are?presented.  Plans f o r  operation of t he  pro jec t  
a s  a na t iona l  u se r s  f a c i l i t y .  a r e  a l s o  discussed. 

Gordon, B. M. Trace Element Analysis by synchrotron Radiation Induced X-ray 
Fluorescence. Presented a t  Second In t e rna t iona l  Asaociption of Bioinorganic 
S c i e n t i s t s  Conference on Inorganic and Nu t r i t i ona l  Aspects of Cancer, La J o l l a ,  
Cal i forn ia ,  January 3-5, 1979. 
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ANNUAL SUMMARY OF PROGRAMS I N  ENERGY SCIENCES 

BNL - 50795 

D.  J .  Metz, Edi tor  

Chemical Sciences Divis ion 

An overview of t h e  programs i n  t h e  Energy Sciences a r e a  of t h e  Department 
of Energy and Environment is  presented.  The o b j e c t i v e  and scope of each 
c u r r e n t  program is  desc r ibed ,  and summaries of s i g n i f i c a n t  accomplishments 
f o r  CY 1977 and a s s o c i a t e d  p u b l i c a t i o n s  a r e  given.  The p r i n c i p a l  a c t i v i t i e s  
planned f o r  CY 1978 a r e  a l s o  descr ibed.  New i n i t i a t i v e s  a r e  l i s t e d .  

BNL Progress  Report 

program: Energy Sciences  Programs of DEE 

Sponsor: DOE - Off i c e  of Basic Energy Sciences ,  
Chemical Sciences Divis ion 



RADIATION EFFECTS OF I O N  EXCHANGE MATERIALS 

BNL - 2 4 6 3 9 .  

T. E. Gangwer and K. K .  S. P i l l a y  

chemical Sciences  Divis ion 

An e x t e n s i v e  l i t e r a t u r e  survey was undertaken t o  examine t h e  a v a i l a b l e  d a t a  
on r a d i a t i o n  damages t o  ion  exchange m a t e r i a l s  used i n  t h e  nuclear  process  
i n d u s t r y .  Some o t  t h e  important parameters u s e f u l  i n  c h a r a c r e r i z i n g  the  
e f f e c t s  of r a d i a t i o n  on ion exchange r e s i n s  have been compiled and t h e  
genera l  t r ends  i n  r a d f a r l o n  e f f e c t s  on ion  exchange resills Ilave been sum- 
marized. I n  compiling t h e  d i v e r s e  types  of exper imental  parameters and 
r e s u l t s ,  an e f f o r t  was made t o  p r e s e n t  t h e  a v a i l a b l e  d a t a  i n  a format t h a t  
would a l low f o r  t h e  Intercompar i s o n  o t  radiaCL61i cY f c c r s  on dlf f e r e n t  types 
of i o n  exchange m a t e r i a l s  under a v a r i e t y  of i r r a d i a t i o n  cond i t ions .  The 
d e f i c i e n c i e s  i n  t h e  p resen t  knowledge on t h e  r a d i a t i o n  e f f e c t s  on ion  
exchange r e s i n s  and t h e  l i m i t a t i o n s  of t h e s e  d a t a  f o r  genera t ing  q u a n t i t a t i v e  
p r e d i c t i v e  modelling a r e  discussed.  

5 
Gangwer, T. E. and P i l l a y ,  K .  K. S. Radia t ion E f f e c t s  on Ion Exchange MateriGls.  
Third Annual Workshop on Act inide  Removal, Idallu F a l l s ,  Idaho, .... .. June 1 and 2 ,  1378. 

Program: U n i o ~  Carbide Corp. (Oak R i d ~ e , N a t i o n a l  Lab.) 
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RADIATION EFFECTS ON I O N  EXCHANGE MATERIALS 

BNL - 50781 

T. E. Gangwer, M. Goldste in  and K. K. S. P i l l a y  

Chemical Sciences Divis ion , 

An ex tens ive  l i t e r a t u r e  review and d a t a  compila t ion has been completed on t h e  
radiation-damage of ion  exchange r e s i n s .  The primary g o a l  of t h e  s tudy  has  
been t o  review t h e  a v a i l a b l e  l i t e r a t u r e '  on ion  exchange m a t e r i a l s  used i n ,  as 
w e l l  a s  those  wi th  p o t e n t i a l  f o r  u s e  i n ,  t h e  nuclear  f u e l  and waste repro-  
cess ing  areas .  The p h y s i c a l  and chemical p r o p e r t i e s  of i o n  exchangers a r e  
reviewed. Experimental parainetere us ,eful  i n  c h a r a c t e r i z i n g  t h e  e f f e c t s  of 
r a d i a t i o n  on s y n t h e t i c  ion  exchange r e s i n s  a r e  i d e n t i f i e d  o r  def ined . I n  
compiling t h e  d i v e r s e  types  of d a t a ,  an  e f f o r t  was made t o  p resen t  t h e  ex- 
per imental  d a t a  o r  exper imental ly  based parameters i n  a  format t h a t  would be 
u s e f u l  f o r  intercomparing r a d i a t i o n  e f f e c t s  on r e s i n s .  When s u b j e c t  t o  r a d i -  
a t i o n  t h e r e  a r e  v a r i o u s  g e n e r a l  t r e n d s  o r  q u a l i t a t i v e  e f f e c t s  d isplayed by t h e  
d i f f e r e n t  types  of r e s i n s .  These rad ia t ion- t rends  and e f f e c t s  have been 
formulated i n t o  q u a l i t a t i v e  s ta tements .  The p resen t  day ' l e v e l  of understanding . 

of t h e  behavior of r e s i n s ' u n d e r  ion iz ing  r a d i a t i o n  is t o o  l i m i t e d  t o  j u s t i f y  
q u a n t i t a t i v e  p r e d i c t i v e  modeling. The l i m i t a t i o n s  and d e f i c i e n c i e s  of t h e  
l i t e r a t u r e  a r e  discussed and t h e  experimentation needed t o  achieve q u a n t i t a t i v e  
modeling are ou t l ined .  

BNL Topical  Report 

Program: Union Carbide Corp. (Oak Ridge Nat iona l  Lab.) 

Sponsor: DOE - Off ice  of Basic  Energy Sciences ,  
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EFFECT OF NEUTRON IRRADIATION ON SINGLE CRYSTAT., V3Si: HEAT CAPACITY AND RE- 
SISTIVITY 

BNL - 23725 

R, Viswanathan and R, Caton 

Metallurgy and M a t e r i a l s  Science Divisi0.n 

We have measured t h e  h e a t  capac i ty  and r e s i s t i v i t y  of a  V3Si s i n g l e  c r y s t a l  a s  
a f u n c t i o n  of neutron i r r a d i a t i o n  up t o  a  f luence  of 22,2x1018 n/cm2, The 
s t r u c t u r a l  t ransformat ion was found t o  be e x t r e m ~ j y  s e n s i t i v ~ ,  t n  ~n-7-y lnw level 

2 i r r a d i a t i o n s  ( ~ ~ 2 5 x 1 0 1 8  n/cm ) whereas t h e  su  erconducting t r a n s i t i o n  tempera- 
t u r e ,  T,, was n o t  a f f e c t e d  up t o  ~ 3 x 1 0 ' ~  n/cm3, The r e s i d u a l  r e s i s t i v i t y  showed 
minor v a r i a t i o n s  up t o  ~ 3 x 1 0 1 ~  n/cxii2 and s t a r t e d  t o  change apprer.i ah1 y  beyond 
t h a t  t luence ,  The e l e c t r o n i c  hea t  capac i ty  c o e f f i c i c n t  and hence t h e  d e n s i t y  of 
s t a t e s  a t  t h e  Fermi l e v e l  was found t o  be considerably  a f f e c t e d  f o r  f luences ,  
Fur the r  t h e r e  is some evidence f o r  t h e  inhomogeneous n a t u r e  of the  i r r a d i a t e d  
s t a t e ,  

Viswanathan, R. and Caton, R. E f f e c t  of Neutron I r r a d i a t i o n  on S ing le  C r y s t a l  
V3Si: Heat Capacity and R e s i s t i v i t y .  Phys. Rev. B. 18, pp. 15-21 (1978). 

g c :  Relarionshfp 'between P r o p e r t i e s  and S t r u c t u r e s  

Sponsor: DOE - O f f i c e  of Basic  Energy Sciences ,  
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THE DEPENDENCE OF THE SUPERCONDUCTING TRANSITION" TEMPERATURE ON SILICON CONCEN- 
TRATION I N  THE NbAlSi TERNARY SYSTEM 

BNL - 23790 

R, Caton and A, R, Sweedler  

Me ta l lu rgy  and M a t e r i a l s  Sc i ence  D i v i s i o n  

We have p repa red  NbAlSi t e r n a r y  a l l o y s  w i t h  up t o  1 5  a / o  S i  i n  t h e  A15 phase  by 
r a p i d  quenching from t empera tu re s  on t h e  o r d e r  o f  2000°C and above, The super-  
conduct ing  t r a n s i t i o n  t empera tu re ,  Tc, l a t t i c e  parameter ,  a,, and composi t ion  
f o r  t h e s e  a l l o y s  have been determined.  X-ray d i f f r a c t o m e t e r  s cans  and m e t a l -  
lography were a l s o  used t o  c h a r a c t e r i z e  t h e  samples,  No i n c r e a s e  i n  Tc g r e a t e r  
t han  a few t e n t h s  of a deg ree  Ke lv in  was observed a s  t h e  S i  c o n c e n t r a t i o n  was 
i n c r e a s e d ,  However, l a r g e  d e c r e a s e s  i n  Tc w i t h  S i  c o n c e n t r a t i o n  were observed .  
These d e c r e a s e s  a r e  most l i k e l y  a s s o c i a t e d  w i t h  compos i t i ona l  and /o r  a n t i - s i t e  
d i s o r d e r ,  and c o r r e c t i o n  f o r  compos i t i ona l  d i s o r d e r  s t i l l  i n d i c a t e s  Tc d e c r e a s e s  
w i t h  i n c r e a s i n g  S i  c o n c e n t r a t i o n  beyond a few a t , %  S i ,  

Caton, R. and Sweedlen, A. R. The Dependence of  t h e  Superconduct ing  T r a n s i t i o n  
Temperature on S i l i c o n  Concen t r a t ion  i n  t h e  NbAlSi Ternary  System, J. o f  Less  
Common Meta ls ,  60, p. 9 1  (1978). 

Program: R e l a t i o n s h i p  between . . P r o p e r t i e s  and S , t ruc tures .  .. 

Sponsor: DOE - O f f i c e  of  Bas i c  Energy Sc iences ,  
M a t e r i a l s  Sc i ences  D i v i s i o n  



COMMENT ON THE PAPER "EXAFS MEASUREMENTS ON Nb3Ge  THIN FILMS" 

BNL - 23899 

C, So Pande and R, Viswanathan 

Metal lurgy and M a t e r i a l s  Science Divis ion I 

Brown, e t  a l e  h a s  repor ted r e c e n t l y  t h a t  Nb3Ge specimens showing superconduct- 
i n g  t r a n s i t i o n  temperatures l e s s  than t h e  maximum p o s s i b l e  va lue  con ta in  a 
lquasi-amorphous phase', W e  d i s c u s s  t h e  p o s s i b i l i t y  t h a t  t h e  lower va lues  of 
Tc of t h c s e  specimens may be  accounted f o r  by t h e  proximity e f f e c t  due t o  t h e s e  
quasi-amorphous regions ,  

* 
Pande, C. S. and Viswanathan, R, Comment on t h e  Paper "EXAFS Measurements on 
Nb3Ge Thin Films". Sol.  S t a t e  Corn. 6, pp. 893-895 (1918). 

Program: Rela t ionship  between P r o p e r t i e s  and S t r u c t u r e s  
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THE NATURE OF THE DEFECTS I N  IRRADIATED A15 COMPOUNDS 

BNL - 24154 

C, So Pande and Ro Viswanathan 

Metallurgy and Mater ia l s  Science Division 

From transmission e l ec t ron  microscopy and hea t  capaci ty  measurements r ad i a t i on  
induced damage i n  A15 compounds was found t o  be inhomogeneous, cons is t ing  of 
small disordered regions i n  an ordered matrix, Some consequences of t h i s  re- 
s u l t  a r e  discussed, 

Pande, C. S. and Viswanathan, R. The Nature of the  'Defects i n . I r r a d i a t e d  
A15.Compounds. Published i n  proceedings of LOT, 15, Journal  de Physique, 
39, C6-389 (1978). - 

Program: Relationship between Proper t ies  and S t ruc tures  
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SUPERCONDUCTING TRANSITION TEMPERATURE WIDTHS I N  NEUTRON-IRRADIATED SINGLE 
CRYSTAL V3Si 

. . 
BNL - 24163 

R. Viswanathan, R. Caton, and C, So Pande 

Metal lurgy and M a t e r i a l s  Science Divis ion 

Superconducting t r a n s i t i o n  temperature Tc, and i t s  width AT, were measured in 
neutron ( B 1  M ~ V )  i r r a d i a t e d  V3Si as a f u n c t i o n  of f l u e n c e  $ t  us ing (a) h e a t  
c a p a c i t y  and (b) r e s i s t i v e  measurements, It is folmd tha t  t h e  two measurements 
Iur Tc arid AT, do noc give % d e n t i c a l  r e s u l t s ,  However i n  both  cases  AT, in- 
c r e a s e s  wi th  f l u e n c e  i n d i c a t i n g  t h e  inhomogeneous n a t u r e  of t h e  damage. 

Viswanathan, R., Caton, R., and Pande, C. S. Superconducting T r a n s i t i o n  
Temperature Widths i n  Neutron-Irradiated S i n g l e  C r y s t a l  V3Si. Phys. Rev. 
L e t t .  41, pp, 906-910 (1 978). 

Program: Re la t ionsh ip  between P r o p e r t i e s  and .S t ruc tu re , s  

Sponsor: DOE - O f f i c e  of Basic  Energy Sciences ,  
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NORMAL STATE RESISTIVITY OF SINGLE CRYSTALLINE V3Si AS A FUNCTION OF NEUTRON 
IRRADIATION 

BNL - 24251 

R, Caton and R, Viswanathan 

~ e t a l i u r ~ ~  and Mate r ia l s  Science Divis ion 

Ana lys i s ,o f  t h e  normal s t a t e , r e s i s : t i v i t y  of a neutron damaged s i n g l e  c r y s t a l  of 
V3Si shows two d i f f e r e n t  r eg ions  of behavior:  one f o r  Tc210K and t h e  o t h e r  f o r  
T& 1OK. 

Caton, R. and,Viswanathan, R. Normal S t a t e  R e s i s t i v i t y  of S ing le  C r y s t a l l i n e  
V3Si a s  a Function of Neutron I r rad2a t ion .  Presented a t  I n t e r n a t i o n a l  Con- 
fe rence  on Low Temperature Physics ,  Grenoble, France,. Aug. 23-29, 1978, 

Program: Rela t ionship  between p r o p e r t i e s  and S t r u c t u r e s .  . ' 

Sponsor: DOE - Off ice  of Basic  Energy Sciences,  ' 
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TRANSMISSION ELECTRON MICROSCOPY OF RADIATION DAMAGE I N  Ifb3Sn 

BNL - 24304 

C, S o  Pande 

Metal lurgy and M a t e r i a l s  Science Divis ion 

The n a t u r e  of t h e  d e f e c t  o r  d e f e c t  complexes produced i n  superconducting com- 
pound Nb3Sn by high energy (E21 MeV) neutron i r r a d i a t i o n  i s  s tud ied  by t rans-  
miss ion e l e c t r o n  microscopy, The damage appears t o  be p r imar i ly  i n  t h e  form 
of h i g h l y  disordered reg ions  of s i z c  2 t o  6 nm in a much less disordered ma- 
t r i x .  Both t h e  ordered matrix and t h e  disordered reg ions  e s s e n t i a l l y  r e t a i n  
A15 s t r u c t u r e ,  Using s u p e r l a t t i c e  and fundamental r e f l e c t i o n s  it is  shown 
t h a t  t h e  disordered reg ions  con ta in  a h igh d e n s i t y  of a n t i s i t e  d e f e c t s  as  w e l l  
a s  associafed s t r a i n  f i e l d s .  

Pande, C. S. Transmission E lec t ron  Microscopy of Kadiation Damage i n  Nb3Sn. 
Physica S t a t u s  S o l i d i ,  A p r i l  16,  1979 ( i n  p ress ) .  

Program: Rela t ionship  between P r o p e r t i e s  and S t r u c t u r e s  

Sponsor: DOE - O f f i e e  of Basic Energy Sciences,  
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SOME PROBLEMS IN THE w ~ c  vs N(O)  CORRELATION^ IN NEUTRON IRRADIATED v3si 

BNL - 24308 

-R, ~ i s w a n a t h a n ,  C, S. Pande, R. Caton, and Do 0, Welch 

Metallurgy and Mate r ia l s  Science Divis ion 

Heat capac i ty  measurements on neutron i r r a d i a t e d  V3Si show t h a t  t h e  i n i t i a l  
drop i n  t h e  ba re  d e n s i t y  of s t a t e s  a t  t h e  Fermi l e v e l  N(0) is  not accompanied 
by corresponding changes i n  t h e  superconducting t r a n s i t i o n  temperature Tc. 
This i s  discussed i n  t h e  context  of v a r i o u s  models f o r  t h e  e f f e c t  of l a t t i c e  
d e f e c t s  on t h e  superconducting p r o p e r t i e s  of A15 compounds, It is  suggested 
t h a t  t h e  inhomogeneous n a t u r e  of neutron damage may be s i g n i f i c a n t  i n  under- 
s t and ing  t h e s e  r e s u l t s ,  

Program: Rela t ionship  between P r o p e r t i e s  and S t r u c t u r e s  

Sponsor: DOE - Off ice  of Basic  dnergy Sciences,  
Mate r ia l s  Sciences Uivision 



THE PROPERTIES OF SUPERCONDUCTING A15 Nb3Si 

BNL - ,24424 

David Dew-Hughes 

Metal lurgy and Mate r ia l s  Science Divis ion 

Superconducting A15 Nb3Si h a s  been made by t h e  explosive  compression of t h e  
h igh  temperature,  equ i l ib r ium,  t e t r a g o n a l  Ti3P phase, confirming t h e  work of 
Pan e t  a l ,  This  m a t e r i a l  has  a broad superconducting t r a n s i t i o n  wi th  an onse t  
Tc of .-l8K and a midpoint .-16K6 XLray diffraction <data arc consisttilt w i t h  A 

h igh iy  d i sordered  A15 s t r u c t u r e  w i t h  a spread of l a t t i c e  parameter from-5,12- 
5,17A. Prel iminary i n d i c a t i o n s  suggest  t h a t  t h e  upper c r i t i c a l  f i e l d  a t  4.2K 
may be  i n  excess  of 40 t e s l a ,  Measurements of Hc2 a s  a func t ion  of temperature 
and low temperature s p e c i f i c  hea t  of t h i s  m a t e r i a l  a r e  underway and w i l l  be re- 
por ted.  S t u d i e s  of r a d i a t i o n  damage and anneal ing behavior a r e  a l s o  being made. 
P rospec t s  f o r  h igher  c r i t i c a l  temperatures and improved m a t e r i a l s  w i l l  be  d i s -  
cussed. 

Dew-Hughes, David, The P r o p e r t i e s  of Superconducting A15 Nb3Si. IEEE Trans. 
on Mag., M A C - g ,  p. ' 190  (1979). 

Program: Rela t ionship  between P r o p e r t i e s  and S t r u c t u r e s  
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SCATTERING OF X-RAYS I N  IRRADIATED.Al5 COMPOUNDS 

BNL - 24469 

Co So Pande and Ro Viswanathan 

Metallurgy and Mate r ia l s  Science Divis ion 

Recent t ransmiss ion e l e c t r o n  .microscopy of n e u t r o n , i r r a d i a t e d  Nb3Sn showed t h a t  
t h e  i r r a d i a t i o n  p r i m a r i l y ,  produces smal l  coherent d isordered regions  i n  a 'much 
less .disordered matrix., This paper examines t h e  x-ray , s c a t t e r i n g  f o r  such ' a  
system wi th in  t h e  framework of t h e  kinemat ic  ' theory .o£'x-ray d i f f r a c t i o n ,  It 
i s .  shown t h a t  t h e  x-ray ob.servations i n  i r r a d i a t e d  A15 compounds v i z  (a )  uniform 
i a t t i c e  expansion, (b) no s ign i f i can tVchange  in .x - ray  l i n e  ' k id ths ,  aAd (c) .  a 
weakening of b.oth fundamental and s u p e r l a t t i c e  l i n e  ' i n t e n s i t i e s  on i r r a d i a t i o n ,  
a r e ' c o n s i s r e n t  wi th  t h e  e l e c t r o n  microscopic observat ions ,  

Pande, C. S. and Viswanathan, . . .  R.. S c a t t e r i n g  of X-Rays i n  I r r a d i a t e d  A15 Com- 
pounds. ' J. of Less common Metals 's,, pp. i19-126 (1978). 

Program: Re la t ionsh ip  between P r o p e r t i e s  and S t r u c t u r e s  
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FORMATION OF SUPERCONDUCTING Nb3Si BY EXPLOSIVE COMPRESSION 

BNL - 24546 

Do Dew-Hughes and Vo Do L inse  

Metal lurgy and M a t e r i a l s  Sc ience  Divis ion 

The c la im t h a t  t h e  high-temperature equ i l ib r ium t e t r a g o n a l  Nb3Si phase can be 
transformed, by exp los ive  compression, i n t o  a superconducting phase,  has  been 
confirmed, A f t e r  being sub jec ted  t o  shock compression w i t h  peak p r e s s u r e  c l o s e  
t o  1 Mbar, t h e  r e s u l t i n g  m a t e r i a l  i s  superconducting, wi th  an onse t  Tc of 1 8  K.  
The s t r u c t u r e  of t h i s  superconducting phase i ~ ~ a m b i g u o u s ,  but  it  could have t h e  
A15 s t r u c t u r e  w i t h  a l a t t i c e  parameter of 5.12A. 

Dew-Hughes and Linse ,  V. D. Formation of Superconducting Nb3Si by Explosive 
Compression. J o  of Appl. Phys., 1379, ( t o  be publ ished) .  

Program: Re la t ionsh ip  between P r o p e r t i e s  and S t r u c t u r e s  

Sponsor: DOE - O f f i c e  of Basi'c Energy Sciences ,  
Mate r ia l s  Sciences  Divis ion 



THE EFFECT OF HYDROGEN ON THE MECHANICAL PROPERTIES OF Fe WHISKERS 

BNL - 24574 'j 

K. S. Lee and Do Dew-Hughes 

Metallurgy and M a t e r i a l s  Science Divis ion 

I n  an at tempt  t o  ga in  a  fundamental understanding of t h e  mechanism of hydrogen 
a s s i s s e d  cracking,  t h e  e f f e c t  of hydrogen upon t h e  t e n s i l e  p r o p e r t i e s  of pure  
i r o n  whiskers was. studied.  The presence of hydrogen, in t roduced c a t h o d i c a l l y  
e i t h e r  by precharging o r  by charging dur ing t h e  t e s t ,  was found, t o  have, no d i s -  
c e r n i b l e  in f luence  upon t h e  e l a s t i c  modulus, y i e l d  po in t  o r  u l t i m a t e  t e n s i l e  
s t r e n g t h  a s  determined i n  a simple t ens ion  t e s t ,  Nor d i d  t h e  presence of hy- 
drogen have any e f f e c t  upon r a t e s  of s t r e s s - r e l a x a t i o n ,  Very occas iona l ly  i n  
a  s t r e s s - r e l a x a t i o n  t e s t  a  charged specimen would show delayed f r a c t u r e ;  t h i s  
never happened w i t h  an uncharged specimen. Examination of t h e  f r a c t u r e d  sur-  
f a c e s  showed t h a t ,  i n  a l l  cases ,  f r a c t u r e  was f u l l y  d u c t i l e ,  g iv ing  an  i d e a l ,  
c h i s e l  po in t  f r a c t u r e ,  

The absence o f . a n y  e f f e c t  of hydrogen is presumed t o  r e s u l t  from t h e  p u r i t y  
of whiskers,  which, because they a r e  grown b.y reduc t ion  of i r o n  c h l o r i d e  vapor, 
probably con ta in  very low l e v e l s  of carbon and n i t rogen ,  Hydrogen a s s i s t e d  
c r a c k i n g ' i n  s t e e l  has  b.een shown t o  be  a  f u n c t i o n  of m a t e r i a l  p u r i t y ,  

Lee, K. S. and Dew-Hughes, D.   he E f f e c t  of Hydrogen on t h e  Mechanical Prop- 
e r t i e s  of Fe Whiskers. Presented a t  TMS-AIME F a l l  Meeting, S t .  Louis,  MO, 
Oct. 15-19, 1978. 
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A THEORETICAL ESTIMATE OF THE STRAIN-DEPENDENT ELASTIC DIPOLE TENSOR FOR INTER- 
STITIAL IMPURITIES I N  BoCoC, METALS AND OF THE STRENGTH OF THE NON-LINEAR.SNOEK 
EFFECT 

BNL - 24588 

Do S o  Rich te r  and D o  0, Welch 

Metal lurgy and Mate r ia l s  Science Divis ion 

The strain-dependent e l a s t i c  d i p o l e  t e n s o r  was c a l c u l a t e d  wi th  a microscopic 
model based on pa i rwise  in te ra tomic  i n t e r a c t i o n s  f o r  s e v e r a l  i n t e r s t i t i a l  im- 
p u r i t i e s  i n  b.c.c, hos t s :  C i n  Fe, N i n  V,  N i n  Nb, and 0 i n  Nb, Calcula ted 
t e n s o r  components a t  ze ro-s t ra in  agree  reasonably w e l l  wi th  experimental  values.  
The ca lcu la ted  s t r a i n  dependence of t h e  d i p o l e  t e n s o r  was used t o  p r e d i c t  t h e  
r e l a x a t i o n  of th i rd-order  e l a s t i c  c o n s t a n t s  t o  be expected from t h e  non-linear 
a n e l a s t i c  analog of t h e  Snoek e f f e c t .  The r e s u l t s  suggest  t h a t  such an  e f f e c t  
should b e  exper imental ly  observable  and should provide a d d i t i o n a l  informat ion 
about impurity-host in te ra tomic  f o r c e s ,  

R i c h t e r ,  D. S. and Welch, D. 0. ' A  heo ore tical Estimate of t h e  Strain-Depen- 
den t  E l a s t i c  Dipole Tensor f o r  In t e r s t i t i a l  Impur i t i e s  i n  B.C,C. Metals and 
of t h e  s t r e n g t h  of t h e  Non-Linear Snoek E f f e c t .  S c r i p t a  Metal lurgica  l2, 
pp. 831-835 (1978). 
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THE LOW TEMPERATURE MECHANICAL PROPERTIES OF CAST DUPLEX STAINLESS STEELS 

BNL - 24833 

K O  So Lee and D o  Dew-Hughes 

Metallurgy and Mate r ia l s  Science Divis ion 
, . 

Cast s t a i n l e s s  s t e e l s  a r e  being proposed f o r  a v a r i e t y  of s t r u c t u r a l  applica- 
t i o n s  i n  cryogenic i n s t a l l a t i o n s ,  I n  p a r t i c u l a r  c e n t r i f u g a l l y  c a s t  tubes  w i l l  
be used t o  c o n t a i n  t h e  superconducting magnets f o r  ISABELLE, t h e  new 400 GeV 
Proton I n t e r s e c t i n g  Storage Ring dev ice  now under c o n s t r u c t i o n  a t  BNL. Depend- 
i n g  upon chemical composition and cool ing r a t e ,  c a s t  a u s t e n i t i c  Fe-Cr-Ni (CF 
grade) s t a i n l e s s  s t e e l  may con ta in  cons iderab le  amount of 6 - f e r r i t e ,  Conse- 
quent ly  t h e  e f f e c t  of 6 - f e r r i t e  on t h e  mechanical p r o p e r t i e s  and s t a b i l i t y  
a g a i n s t  t ransformat ion t o  m a r t e n s i t e  i n  t h e s e  s t e e l s  a t  low temperatures i s  of  
urgent  p r a c t i c a l  i n t e r e s t ,  

The mechanical p r o p e r t i e s ,  t e n s i l e  s t r e n g t h  and Charpy impact va lues ,  have been 
measured over t h e  temperature range 300K-4.2K i n  samples of c e n t r i f u g a l l y  c a s t  
CF8 s t e e l s  w i t h  d i f f e r i n g  f e r r i t e  con ten t s ,  The presence of adequate amounts 
of f e r r i t e  i n c r e a s e s  t h e  t e n s i l e  s t r e n g t h ,  wi thout  s a c r i f i c i n g  d u c t i l i t y  o r  im- 
pac t  s t r e n g t h ,  over t h i s  temperature rangeo The s t a b i l i t y  of t h e s e  s t e e l s  i n  
regard t o  m a r t e n s i t e  formation has  been examined over t h e  same temperature 
range by both  o p t i c a l  microscopy and magnetic measurements, Cast duplex s t ruc -  
t u r e s  a r e  .more s t a b l e  than wrought s t a i n l e s s  s t e e l  of t h e  same chemical compo- 
s i t i o n ,  due t o  segrega t ion  of t h e  a u s t e n i t e - s t a b i l i z i n g  elements enr ich ing  t h e  
a u s t e n i t e  phase dur ing s o l i d i f i c a t i o n .  Opt ica l  and scanning e l e c t r o n  micro- 
scopy have been used t o  s tudy  t h e  e f f e c t  of bo th  6 - f e r r i t e  and s t ress- induced 
m a r t e n s i t e  on t h e  f r a c t u r e  mode and c rack  pa ths  over t h e  same temperature 

Taee, K. S. and Dew-Hughes, D. The Low Temperature Mechanical P r o p e r t i e s  of Casc 
Duplex S t a i n l e s s  S t e e l s .  Presented a t  t h e  Annual TMS-AIME Meeting, New Orleans,  
LA, Feb. 18-22, 1979, ( t o  be published).  
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ALTERATION BY ELASTIC STRAIN OF THE SUPERCONDUCTING TRANSITION TEMPERATURES 
OF NbgSn, V3Ge, and V3Si I N  "BRONZE PROCESSED" COMPOSITE WIRES 

BNL - 25362 

K O  Aihara,  D. 0. Welch, M. Suenaga, and T. S. Luhman 

Metal lurgy and M a t e r i a l s  Science Divis ion 

A r e s i d u a l  compressive s t r a i n  i n  t h e  A15 compound is i n t r i n s i c  t o  composite 
superconductors produced by t h e  "hrnnze process", due t o  d i f f e r e n t i a l  ther-  
mal c o n t r a c t i o n  between t h e  bronze mat r ix  and t h e  core. The s t r a i n  magnitude 
can be s y s t e m a t i c a l l y  v a r i e d  by e t c h i n g  away t h e  bronze mat r ix  o r  by exter-  
n a l l y  applying s t r a i n  t o  t h e  composite. These techniques  have been used t o  
s tudy  t h e  s t r a i n  dependence of Tc i n  s e v e r a l  A15 compounds, R e s u l t s  obta ined 
by e t c h i n g  agree  wi th  those  obta ined w i t h  e x t e r n a l  s t r a i n .  T, varies essen- 
t i a l l y  q u a d r a t i c a l l y  w i t h  s t r a i n .  1% s t r a i n  depressed Tc by 1.8K i n  Nb3Sn 
and i n c r e a s e s  Tc by 1,3K i n  V3Ge. The magairude of t h e  depress ion of Tc i n  
V3Si i s  comparable t o  t h a t  i n  NtigSn whi le  t h e  depress ion i n  V3Ga i s  substan- 
t i a l l y  smal ler ,  

Aihara,  K., Welch, D. O., Suenaga, M., and Luhman, T. So A l t e r a t i o n  by E l a s t i c  
S t r a i n  of t h e  Superconducting T r a n s i t i o n  Temperatures of Nb3Sn, V3Ge, and V3Si 
i n  "Bronze Processed" Composite Wires. To be presented a t  t h e  1979 March Meet- 
i n g  of t h e  American Phys ica l  Socie ty ,  Chicago, IL, March 19-23, 1979. Bull .  Am. 
Phys. Soc. 24, p o  456 (1979). 
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SOFTENING OF YOUNG'S MODULUS I N  POLYCRYSTALLINE Nb3Sn 

BNL - 25363 

D. .O. Welch, J. F, Bussiere ,  and M. Suenaga 

Metallurgy and Mate r ia l s  Sciences  Divis ion 

Ul t rason ic  measurements1 show t h a t  t h e  shear  modulus (Cll-C12) 12 s o f t e n s  
d ramat ica l ly  a s  s i n g l e  c r y s t a l s  of Nb3Sn approach t h e  m a r t e n s i t i c  t r a n s i t i o n  
near  50K. It i s  expected t h a t  Young's modulus of p o l y c r y s t a l s  w i l l  a l s o  
so£ t e n ,  bu t  previous.  u l t r a s o n i c  measurements, which s u f f e r  from severe  damp- 
i n g ,  f a i l  t o  show t h e  expected e f f e c t .  We have measured Young's modulus of 
p o l y c r y s t a l l i n e  Nb3Sn between 4.2K and 300K by s t a t i c  beam d e f l e c t i o n  methods, 
and observe marked sof tening.  A v a l u e  of l k l x l ~ l l  dyne cm-2 was obta ined a t  
300K by t h e  d e f l e c t i o n  of t h i n  Nb3Sn-Nb-Nb3Sn composite s t r i p s  by e x t e r n a l  
s t r e s s .  The v a r i a t i o n  of t h e  modulus wi th  T.was obta ined from the  change i n  
t h e  r a d i u s  of curva tu re  of i n t e r n a l l y  s t r e s s e d  Nb3Sn-Nb composite s t r i p s ,  
(This  method i s  made p o s s i b l e  by t h e  p e r f e c t  match between t h e  thermal expan- 
s i o n  c o e f f i c i e n t s  of Nb and Nb3Sn.) The modulus i s  found t o  be  p r o p o r t i o n a l  
t o  InT between 50K and 300K and is  temperature independent below t h e  supercon- 
duc t ing  Tc, r e s u l t i n g  i n  a decrease  by a f a c t o r  of 2.7 between 300K and 18K. 
This v a r i a t i o n  i s  i n  reasonable  agreement wi th  t h a t  ob ta ined  by a polycr  stal- 
l i n e  average of exper imental  va lues  of s i n g l e  c r y s t a l  e l a s t ' i c  constants , i r  a l -  
though our va lue  a t  300K i s  s l i g h t l y  h igher  than t h a t  obta ined by averaging,  
1 3 . 5 ~ 1 0 ~ ~  dyne cm-2, 

Welch, D. O., Buss iere ,  J. F., and Suenaga, M. Sof tening of young's Modulus 
i n  P o l y c r y s t a l l i n e  Nb3Sn, To be presented a t  the  I n t e r n a t i o n a l  Conference 
on M a r t e n s i t i c  Transformations (ICOMAT-79), Cambridge, MA, June 24-29, 1979. 
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SHELL MODEL C ~ C U L A T I O N  OF THE IONIZATION POTENTIALS OF ALKALI HALIDES 

BNL - 25365 

D o  0. Welch, 0. W. Lazereth ,  and G. J. Dienes 

Metal lurgy and M a t e r i a l s  Sciences  Divis ion 

A s h e l l  model c a l c u l a t i o n ,  p rev ious ly  used t o  i n v e s t i g a t e  t h e  c h a r a c t e r i s t i c s  
of a l k a l i  h a l i d e  molecules and smal l  a g g r e g a t e s , l  was extended t o  t h e  s tudy 
of t h e  h a l i d e  and m e t a l  i o n i z a t i o n  p o t e n t i a l s  of t h e s e  m a l e . c ~ ~ l ~ n  ~ n d  c r y s t a l s .  
I o n i z a t i o n  p o t e n t i a l s  were c a l c u l a t e d  v i a  t h e  Born-Haber cycle  app l ied  t o  t h e  
b ind ing  energy of t h e  ionized system r e l a t i v e  t o  t h e  ground s t a t e .  The to ta l .  
i o n i z a t i o n  energy i s  a smooth, func t ion  of aggregate s i z e ,  converging r a p i d l y  
t o  t h e  i n f i n i t e  c r y s t a l  value .  However, t h e  p a r t i t i o n  of t h e  i o n i z a t i o n  
energy i n t o  Coulomb and p o l a r i z a t i o n  c o n t r i b u t i o n s  v a r i e s  srrcrngly with  s ize .  
R e s u l t s  w i l l  be compared wi th  t h e  meager experimental  data .  

Welch, D. O., Lazereth,  0. W , ,  and Dienes, G. J. S h e l l  Model Ca lcu la t ion  of t h e  Ioni-  
z a t i o n  P o t e n t i a l s  of A l k a l i  Halides.  To be presented a t  t h e  1979 March Meeting 
of t h e  American Phys ica l  S o c i e t y , .  Chicago, .IL, March 19-23, 1979. Bul l ,  Am. 
Phys. Soc. - 24, p. 404 (1979), 
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FABRICATION OF SUPERCONDUCTING MATERIALS FOR LARGE MAGNETIC DEVICES 

BNL - 25369 

M. Suenaga and W. B. Sampson 

Meta l lurgy and M a t e r i a l s  Science  Div i s ion  

Due t o  t h e  inc reased  i n t e r e s t  i n  t h e  u s e  of  superconductors  f o r  l a r g e  magnetic 
dev ices  such a s  f u s i o n  power r e a c t o r s  and h igh  energy p a r t i c l e  a c c e l e r a t o r s ,  
f a b r i c a t i o n  t echn iques  f o r  m u l t i f i l a m e n t a r y  superconduct ing composites have pro- 
g ressed  cons ide rab ly  i n  t h e  l a s t  few yea r s .  S ince  such developments have been 
l a r g e l y  conf ined t o  improved p rocess ing  methods f o r  A15 type  superconductors ,  

" t h i s  review w i l l  c o n c e n t r a t e  on t h e  development of m u l t i f i l a m e n t a r y  Nb3Sn and 
V3Ga conductors.  

The m e t a l l u r g i c a l  p r i n c i p l e s  of format ion of Nb3Sn [V3Ga] a t  t h e  Nb-(Cu-Sn) 
[V-(Cu-Ga)] i n t e r f a c e  by a s o l i d  s t a t e  d i f f u s i o n  p rocess  i s  f i r s t  descr ibed.  
Then, each p rocess ing  method f o r  m u l t i f i l a m e n t a r y  composites i s  c r i t i c a l l y  re-  
viewed p o i n t i n g  o u t  i t s  advantages  and d i sadvan tages  i n  p o s s i b l e  l a r g e  s c a l e  pro- 
duct ion .  The f a b r i c a t i o n  t echn iques  £ . a l l  i n t o  two c a t e g o r i e s ;  I )  cont inuous  f i l a -  
ment p rocesses  which . inc ludes  t h e  so-cal led  "bronze route",  and e x t e r n a l  and in-  
t e r n a l  Sn d i f f u s i o n  methods, 11)  m u l t i p l y  connected f i l a m e n t  schemes which in-  
c lude  t h e  so-cal led  Tsue i ' s  o r  " i n  s i t u "  w i r e s  and Sn i n f i l t r a t i o n  p rocesses .  
S ince  i n  many c a s e s  Cu s t a b i l i z e r s  w i t h i n  t h e  superconductors  a r e  d e s i r a b l e ,  t h e  
a p p l i c a b i l i t y  and methods f o r  s imul taneous  p rocess ing  b a r r i e r s  t o  avoid  Sn d i f -  
f u s i o n  i n t o  t h e  s t a b i l i z i n g .  copper a r e  a l s o  d i scussed .  

Superconducting p r o p e r t i e s ,  p r i m a r i l y  t h e  superconduct ing c r i t i c a l  c u r r e n t  d e n s i t y ,  
Jc, a t  h i g h  magnetic f i e l d s ,  a r e  compared f o r  w i r e s  made by t h e  above p rocesses ,  
Where i t  i s  p o s s i b l e ,  t h e  d i f f e r e n c e s  i n  Jc a r e  r e l a t e d  t o  t h e  d i f f e ren t .manu-  
f a c t u r i n g  methods. I n  a d d i t i o n ,  t h e  behav io r  of t h e s e  conductors  under mechanical  
s t r a i n  ( i n  t e n s i o n  a s  well a s  bending) ,  which is  one of t h e  most. c r i t i c a l  prop- 
e r t i e s  of  t h e s e  m a t e r i a l s ,  i s  compared and d i scussed  i n  terms of r e c e n t  progress ,  
i n  unders tanding t h e  degrada t ion  phenomenon. Finally. ,  some impor tant  considera-  
t i o n s  f o r  des ign ing  conductors  f o r  s p e c i f i c  a p p l i c ' a t i o n s  a r e  'pointed  ou t .  These 
i u c l u d e  impl*ovemcnto i n  cupcraonducting propcrti~s hy al . loying as w e l l  a s  t h e  
geomet r i ca l  arrangements of t h e  f i l a m e n t s  t o  ach ieve  t h e  optimum performance under 
t h e  r e s t r u c t i o n s  imposed by t h e  magnet des ign.  

Suenaga, M. and Sampson, W. B. F a b r i c a t i o n  of Superconducting s ate rials f o r  Large 
Magnetic Devices. To be p resen ted  a t  t h e  E lec t rochemica l  S o c i e t y  Symposium, 
Boston, MA, May 6-11, 1979. 
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A MEASUREMENT OF THE TEMPERATURE DEPENDENT YOUNG'S MODULUS OF POLYCRYSTALLINE 
Nb3Sn 

J. F. Bussiere ,  D. 0. Welch, and M..Suenaga 

Metal lurgy and M a t e r i a l s  Sciences  Divis ion 

Young's modulus of p o l y c r y s t a l l i n e  Nb3Sn was measured between 4.2K and 300K 
by s t a t i c  beam d e t l e c t i o n  methods. A v a l u e  of 15flx1011 dyne ~ m - ~  was obta ined 
by t h e  d e f l e c t i o n  of t h i n  Nb3Sn-Nb-Nb3Sn composite s t r i p s  by e x t e r n a l  s t r e s s .  
The v a r i a t i o n  of t h e  modulus with T w a s  obta ined from t h e  change i n  t h e  r a d i u s  
of curva tu re  of i n t e r n a l l y  s t r e s s e d  Nb3Sn-Nb composite s t r i p s .  (This  method i s  
made p o s s i b l e  by t h e  p e r f e c t  match between t h e  thermal expansion c o e f f i c i e n t s  
of Nb and Nb3Sn.) The modulus is  found t o  be p ropor t iona l  t o  InT between 50K 
and 300K and is temperature independent below t h e  superconducting Tc, r e s u l t i n g  
i n  a decrease  by a f a c t o r  of 2.7 between 300K and 18K, This  v a r i a t i o n  i s  i n  
reasonab le  agreement w i t h  t h a t  obta ined by a p o l y c r y s t a l l i n e  average of exper i -  
mental  va lues  of s i n g l e  c r y s t a l  e l a s t i c  c o n s t a n t s , l  al though our va lue  at  300K 
i s  s l i g h t l y  h igher  than t h a t  obtained by averaging,  1 3 . 5 ~ 1 0 ~ ~  dyne ~ m - ~ ,  

Buss iere ,  J. F., Welch, D. O., and Suenaga, M. A Measurement of t h e  Tempera- 
t u r e  Dependent.Young's Modulus of P o l y c r y s t a l l i n e  Nb3Sn. Presented a t  t h e  March 
Meeting of the  American Phys ica l  Soc ie ty ,  Chicago, IL, March 19-23, 1979. R i i 1 1 ,  
Am. Phys. Soc. 24, p. 423 ( l Y / Y ) .  
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SWnLING OF NEUTRON-IRRADIATED MO and Mo-0,5 T i  BY MEANS OF POSITRON ANNIHILA- 
TION 

BNL - 23768 

C, Lo Snead, Jr,, K. Go Lynn, and A, N o  Goland 

Metallurgy and Mate r ia l s  Science Divis ion 

Molybdenum specimens have been i r r a d i a t e d  i n  t h e  EBR-I1 over  a temperature 
range 425-1500°C and Mo-0.5 T i  specimens over t h e  range 425-105O0C0 The 
swel l ing a s  def ined by t h e  volume of t h e  vo ids  generated was i n v e s t i g a t e d  
us ing both  l i f e t i m e  and Doppler-broadening p o s i t r o n  a n n i h i l a t i o n  measurements, 
P o s i t r o n  t rapp ing  a t  t h e  radiation-induced micros t ruc tu re  ( loops)  is  ex- 
t r a c t e d  from t h e  d a t a  and is  n o t  included i n  t h e  e f f e c t s  a t t r i b u t e d  t o  voids.  
I n  both  m a t e r i a l s  a s i n g l e  swel l ing  peak i s  i n d i c a t e d  a l though a double peak 
spectrum cannot be  .absolute ly  r u l e d  out. The Mo-0.5 T i  r e s u l t s  a r e  genera l ly  
very s i m i l a r  t o  those  i n  Mo ( l i f e t i m e  i n  a void is - 4 7 0  psec  i n  both  mate- 
r i a l s  swel l ing  peak atN650°C), Differences  i n  d e t a i l s  w i l l  be  discussed a s  
w i l l  t h e  e f f e c t s  of i r r a d i a t i o n  temperature on t h e  r e l a t i v e  c o n t r i b u t i o n s  of 
both  voids  and micros t ruc tu re  t o  t h e  p o s i t r o n  t rapping,  

Snead, C. L., Jr., Lynn, K. G., and Goland, A. N. Swell ing of Neutron-Ir- 
r a d i a t e d  Mo and Mo-0.5 T i  by Means of P o s i t r o n  Annihi la t ion.  Presented a t  
t h e  March APS Meeting, Washington, DC, March 27-30, 1978. 
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NEUTRON-IRRADIATION EFFECTS I N  THE PSEUDOBINARY COMPOUND Nb3(SnGa): CHANGES 
Tc, Ic, AND nux PINNING 

BNL - 24282 

C. Lo Snead, Jr, and M, Suenaga 

Matal lurgy and M a t e r i a l s  Science Div i s ion  r 
Specimens of s ingle-core  wi res  of Nb3(SnGa) have been neutron i r r a d i a t e d  a t  
N l ~ ~ ° C  t o  t luences  o t  2,bx1019n/cm2 ( b 1 , O  MeV). Measurements of 1, a t  4,2K 
i n  t r a n s v e r s e  magnetic f i e l d s  t o  22T, and measurements of Tc were maded Thc 
i n t e r e s t  i n  t h i s  m a t e r i a l  (-1 a t , %  G a  i n  t h e  Nb3Sn l a y e r  made by t h e  '%bronze 
process") stems from t h e  g r e a t e r  c r i t i c a l - p r o p e r t i e s '  va lues  (TC=17,4K, H c p  
22,5T) r e l a t i v e  t o  t h o s e  of Nb3Sn0 R e s u l t s  a r e  given f o r  two d i f f e r e n t  speci-  
men r e a c t i o n  temperatures,  700 and 75OUC, I n c r e a s e s  i n  Ic f o r  low f luence  
(c3x1018n/cm2) i r r a d i a t i o n s  s i m i l a r  t o  those  observed f o r  Nb3Sn were observed, 
b u t  w l t h  g r e a t e r  r e l a t i v e  i n c r e a s e s  f o r  t h e  specimens (750°C) t h a t  had t h e  
lower i n i t i a l  c u r r e n t  dens i ty .  Decreases i n  I, a t  h igher  f luences  s c a l e d  w i t h  
t h e  measured decreases  i n  Tc s i m i l a r  t o  behavior of Nb3Sno Increases  of Hc2 
observed i n  Nb3Sn i n  t h e  low-dose regime were n o t  found f o r  t h e s e  compounds, 
Indeed, t h e  non l inear  behavior  of p l o t s  of t h e  pinning f o r c e  Fp v s  h1l2 (1-h) 
where h is  t h e  reduced f i e l d  suggests  a l i m i t i n g  phenomenon i n  Hc2. Whether 
t h i s  i s  paramagnetic i n  n a t u r e  is n o t a t p r e s e n t  known, When s c a l i n g  is inves- 
t i g a t e d  i n  p l o t s  of Fp vs h,  no peak s h i f t s  are observed fol lowing t h e  f i r s t  
low dose of - 5 x 1 0 ~ ~ n / c m ~ .  

Snead, C. L., Jr. and Suenaga, M. Neutron-Ir radia t ion E f f e c t s  i n  t h e  Pseu- 
dobinary Compound Nb3(SnGa): Changes Tc, I,, and Flux Pinning. Presented 
a t  t h e  1978 Applied Superconduct ivi ty  Conference, P i t t s b u r g h ,  PA, September 
25-28, 1978. IEEE Trans. on Mag., MAC;-15, pp. bZ3-b2b ( l ~ / ' ; i ) .  - 
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THE EFFECTS OF IRRADIATION ON SIJPERCONDUCTING PROPERTIES OF CANDIDATE MAGNET 
CONDUCTORS 

C, Lo Snead, Jr, and M. Suenaga 

Metallurgy and M a t e r i a l s  Science Divis ion 

The response of c r i t i c a l  p r o p e r t i e s  of A15 [Nb3Sn, V3Ga, and Nb3(SnGa)] and 
NbTi superconducting w i r e s  t o  r a d i a t i o n  damage is reviewed, The mechanisms 
t h a t  a r e  a c t i v e  i n  reducing t h e  c r i t i c a l  c u r r e n t ,  Ic, of NbTi i n  a l l  dose re- 
gimes, and those  a c t i v e  i n  changes i n  A15's ( i n c r e a s e s  i n  Ic and t h e  upper 
c r i t i c a l  f i e l d ,  Hc2, a t  low f luences  where c r i t i c a l  temperature ,  Tc, i s  r e l a -  
t i v e l y  unchanged, and decreases  i n  I,, Hc2, and Tc a t  high f luence)  are dis-  
cussed. Data which a r e  obtained a f t e r  r e a c t o r  ambient-temperature neutron ir- 
r a d i a t i o n  and low-temperature high-energy proton i r r a d i a t i o n s  a r e  included, 
I n  p a r t i c u l a r ,  t h e  r o l e  of anneal ing fol lowing t h e  va r ious  types  of,  i r r a d i a t i o n  
on t h e  recovery of t h e  i r radia t ion- induced c r i t i c a l - p r o p e r t y  changes w i l l  be  
h igh l igh ted ,  Anneals up t o  room temperature of t h e  helium-temperature-irra- 
diated-specimens'show s i g n i f i c a n t  recovery i n  I, f o r  NbTi. Small ,  dose-depen- 
dent  recovery i n  Ic i s  seen i n  A15 specimens a f t e r  low-temperature i r r a d i a t i o n .  
However, annea l s  t o  temperatures s i g n i f i c a n t l y  above t h e  i r r a d i a t i o n  tempera- 
t u r e  (-100°C) a r e  required f o r  t h e  high-fluence neu t ron- i r rad ia ted  specimens 
t o  recover  t h e  Tc degradat ions  t o  any apprec iab le  degree. Some impl ica t ions  
of t h e  recovery i n  t h e  superconducting p r o p e r t i e s  a f t e r  anneal ing r e l a t e d  t o  
t h e  opera t ion  of a fus ion-reactor  magnet a r e  then discussed.  

snead, C. L., Jr, 
i n g  P r o p e r t i e s  of 
Meeting on Fusion 

and Suenaga, M. The E f f e c t s  of I r r a d i a t i o n  on Superconduct- 
Candidate Magnet Conductors. Presented a t  F i r s t  Topical  
Reactor Mate r ia l s ,  Miami Beach, FL, January 29-31, 1979. 
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USE OF POSITRONS IN THE STUDY OF VOIDS AND OTHER EXTENDED IRRADIATION-INDUCED 
DEFECTS 

C. L. Snead, Jr. 

Metallurgy and Materials Science Division 

The techniques of positron annihilation have been a p p l i e d  tn the stllrly nf ex- 
tended defects resulting from, principally, neutron irradiation. These studies 
will be reviewed with the aim of (1) comparing void characteristics observed 
for both irradiations at elevated and lower temperature and subsequently 
annealed, (2) examining the r8le that dislocation loops play in the study of 
void properties, (3)  and determining the applicablity and sensitivity of  these 
techniques to the evaluation of swelling properties in irradiated metals. 
Since the presence of gases in the matrix is important to both void and bubble 
nucleation and growth, the work done on bubble formation and growth following 
gas injection will be discussed. The strengths and limitations of positron 
techniques in these studies will be presented. 

Snead, C. L,,mJr. Use of Pos'itrons in the Study of Voids and Other Extended 
Irradiation-Induced Defects. Presented at Annual TMS-AIME Meeting, New Orleans, 
LA, Feb, 19-22, 1979. 
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DETERMINATION OF FORMATION AND B I N D I N G  ENERGIES FOR VACANCIES AND IMPURITIES 
I N  N i  AND DILUTE N i  ALLOYS 

BNL - 25079 

C. L. Snead, Jr, , KO G.. Lynn, and KO F a r r e l l  

Metallurgy and M a t e r i a l s  Science Divis ion 

Both l i f e t i m e  and Doppler-broadening techniques  have been employed i n  t h e  s tudy  
of pure n i c k e l  and twelve d i l u t e  ( t y p i c a l l y  1000 ppm) b inary  a l l o y s  of N i .  
L i fe t ime r e s u l t s  on pure  N i  f o r  temperatures  from 4.2 t o  1700K produce a v a l u e  
f o r  t h e  single-vacancy formation energy E~~ f o r  pure N i  of 1,48 f 0,05 eV. 
This v a l u e  and t h e  r e s u l t s  of t h e  Doppler-broadening s t u d i e s  agree  wi th  t h e  
r e s u l t s  of Campbell e t  a l . ( l )  For t h e  l i f e t i m e  measurements i n  N i  between 4.2 
and 800K no evidence of e f f e c t s  due t o  volume expansion were found. A l i n e a r l y  
inc reas ing  mean p o s i t r o n  l i f e t i m e  i n  t h e  temperature range 800-1100K, p r i o r  t o  
t h e  onse t  of vacancy t rapping,  was observed a s  has  been found i n  some o t h e r  
metals ,  The r e s u l t s  of t h e  single-vacancy--impurity binding-energy determina- 
t i o n  i n  t h e  twelve d i l u t e  b inary  a l l o y s  w i l l  be  presented,  These w i l l  be d i s -  
cussed i n  terms of both  s i z e  and valence e f f e c t s  of t h e  a l l o y i n g  agen t s  on t h e  
binding energ ies ,  

Snead, C. L., Jr., Lynn, KO G., and F a r r e l l ,  K O  Determination of Formation 
aild D.inding Energies for Vacancies a n d  Impur i t i e s  i n  N i  and D i l u t e  N i  f l l . oys ,  
Presented a t  5 t h  I n t e r n a t i o n a l  Conference on P o s i t r o n . A n n i h i l a t i o n ,  Lake 
Yamanaka, Japan, A p r i l  8-11, 1979. 
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STRESS-INDUCED ENHANCEMENT OF Tc I N  BRONZE-PROCESSED V3Ge 

BNL - 23723 

Jo F. Bus.sisre, T. Onishi ,  D, 0. Welch, and M. Suenaga 

Metallurgy and M a t e r i a l s  Science Divis ion 

Compressive stresses a r i s i n g  from d i f f e r e n t i a l  c o n t r a c t i o n  of t h e  bronze mat r ix  
were found t o  cause  an  i n c r e a s e  i n  t h e  c r i t i c a l  temperature,  T,, of bronze-pro- 
cessecl V3Gr.  T h l s  unusual behavior f o r : a n  A15 compound i s  found t o  b.e consis-  
t e n t  w i t h  calculations based on T ~ s t a r r l i . ' ~  theory; a l though t h c  enhancement uf 
Tc a p p e a r s . t o  s a t u r a t e  a t  l a r g e  r e s i d u a l  s t r a i n s ,  

Bussiere ,  J. F,, Onishi ,  T., Welch, D o  O., and Suenaga, M. S t ress - Ind i l r .~ .d  En- 
hancement of Tc i n  Bronze-Processed V3Ge. Appl. Phys, L e t t .  32, p. ,686 (1978), 
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PROPERTIES OF PLASTIC.TAPES FOR CRYOGENIC POWER CABLE INSULATION ' ,  

I 

BNL - 24309 

A. C, Muller 

E l e c t r i c a l  Energy Systems Divis ion 

Spec ia l i zed  p l a s t i c  t a p e s  are under development a s  d i e l e c t r i c  i n s u l a t i o n  f o r  a c  
superconducting power t ransmiss ion cables .  Cable des ign  requirements s p e c i f y  
t h a t  candidate  t apes  must possess  ve ry  high t e n s i l e  moduli a t  293K, be f l e x i b l e  
a t  6K, and exper ience a minimum amount of thermal expansion between 6K and 293K, 
High thermal conduc t iv i ty  and small d i e l e c t r i c  l o s s  a t  6K a r e  a l s o  required by 
design cons idera t ions ,  Most requirements may be s a t i s f i e d  wi th  a b i a x i a l l y -  
o r i e n t e d ,  very-high-modulus, polypropylene f i l m  laminate,  I n  p a r t i c u l a r ,  low 
temperature b r i t t l e n e s s  was e l iminated w i t h  t h i s  design,  Developmental work is  
a l s o  under way of a high-draw-ratio, ultra-high-modulus, polyethylene t ape  fab- 
r i c a t e d  by a s o l i d  s t a t e  e x t r u s i o n  process.  Mechanical, thermal, and d i e l e c t r i c  
d a t a  taken a t  cryogenic temperatures w i l l  be  discussed.  

. . 

Muller,  A. C. P roper t i e s ,  of P l a s t i c  Tapes. fbr Cryogenic Ppwer Cable I n s u l a t i o n .  
To be  published i n  Nonmetallic M a t e r i a l s  and Composites a t  Low Temperatures, 
A. F. Clark,  R. P. Reed, and G. Hartwig, E d i t o r s ,  pp. 339-363, Plenum Press ,  - . .. 

New York, 1979. 

Program: Superconducting Power ~ r a n s m i s s i o n  L i n e s  

Sponsor: DOE - . O f f i c e  of Energy Technology, 
E l e c t r i c a l  Energy Systems Divis ion 



X-RAY ANALYSIS OF TRAPPINGSTRUCTURE I N  LAPPED HIGH VOLTAGE UNDERGROUND POWER 
TRANSMISSION CABLES 

BNL - 24989 

A, C, Muller 

E l e c t r i c a l  Energy Systems Division 

Brookhaven has  develeped a nondes t ruc t ive  method t o  s tudy  the mechanical s t ruc -  
t u r e  of t h e  i n s u l a t i o n  of lapped power c a b l e s  both  i n  t h e  f a c t o r y  and i n  t h e  
f i e l d .  The system employs a po in t  source  of s o f t  x-rays and a c losed c i r c u i t  
t e l e v i s i o n ,  The e l e c t r i c a l  i n s u l a t i o n  of h igh v o l t a g e  underground, pipe-type 
power c a b l e s  is comprised of s e v e r a l  hundred l a y e r s  .of porous kraft-paper t a p e  
impregnated wi th  i n s u l a t i n g  o i l ,  These, and o t h e r  lapped c a b l e  des igns ,  at- 
t a i n  t h e i r  maximum s t r e n g t h s  when t h e  t a p e s  a r e  app l ied  i n  predetermined, reg- 
u l a r  p a t t e r n s  a t  set winding tensions .  A l t e r a t i o n s  i n  t h e  t ap ing  p a t t e r n  can 
lower t h e  e l e c t r i c a l  s t r e n g t h  of a c a b l e  and reduce i ts l i f e ,  A mobile ver-  
s i o n  of t h e  system h a s  been used ex tens ive ly  i n  t h e  f i e l d  t o  examine c a b l e s  
t h a t  have experienced s e v e r e  thermal and mechanical s t r e s s e s .  

Mul ler ,  A. C. X-Ray Analysis  of Trapping S t r u c t u r e  i n  Lapped High Voltage 
Underground Power Transmission Cables. Presented a t  t h e  1977 Winter Meet- 
i n g  of t h e  IEEE Power Engineering Socie ty ,  New York, January 1977 (Paper 
A77 108-3). 

Program: Superconducting Power Transmission L i n e s  
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ELASTIC MODULUS OF POLYCRYSTALLINE Nb3Sn BETWEEN 4,2 AND 300K 

BNL - 24978 

J, F. Bussisre ,  Do 0, Welch, and M, Suenaga 

Metallurgy and M a t e r i a l s  Science Divis ion 

Young's modulus f o r  p o l y c r y s t a l l i n e  Nb3Sn h a s  been measured between 4,2 and 
300K using an i n t e r n a l l y  s t r e s s e d  b i m e t a l l i c  s t r i p  c o n s i s t i n g  of pure niobium 
and Nb3Sno The modulus is obta ined by observing t h e  rad ius  of curva tu re  of 
t h e  s t r i p  a s  a func t ion  of temperature. Because of a p e r f e c t  match between 
t h e  thermal express ion c o e f f i c i e n t s  of Nb and Nb3Sn, t h e  r a d i u s  o f  curva tu re  
can be d i r e c t l y  r e l a t e d  t o  changes of modulus of e i t h e r  t h e  Nb o r  Nb3Sno Re- 
s u l t s  i n d i c a t e  t h a t  t h e  modulus of Nb3Sn decreases  by approximately a f a c t o r  
of two between 300 and 18K, and t h a t  no change occurs  below t h e  superconduct- 
i n g  t r a n s i t i o n .  Our measurements i n d i c a t e  a much l a r g e r  change i n  modulus 
than previously  observed f o r  p o l y c r y s t a l l i n e  Nb3Sn by u l t r a s o n i c  techniques,  
bu t  a r e  i n  b e t t e r  agreement with p o l y c r y s t a l l i n e  averages based on u l t r a s o n i c  
d a t a  f o r  s i n g l e  c r y s t a l s ,  

Bussiere ,  J. F., Welch, Do O., and Suenaga, M. E l a s t i c  Modulus of Po lycrys ta l -  
l i n e  Nb3Sn between 4.2 and 300K. Presented a t  Annual TMS-AIME Meeting, New 
Orleans,  Feb. 18-22, 1979. 

Programs: Rela t ionship  between P r o p e r t i e s  and S t r u c t u r e s  (and) 
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HYDROGEN ABSORPTION I N  THE ,NIOBIUM-VANADIUM SYSTEM 

BNL - 24678 

Michael A. P ick and David 0,  Welch 

Metal lurgy and M a t e r i a l s  Science Divis ion 

The obj 'ec t ive  of . the i n v e s t i g a t i o n  i s  to .unders tand  t h e  i n f l u e n c e  which sub- 
s t i t u t i o n a l  a d d i t i o n s  have on metal-hydrogen systems. A g e n e r a l i z a t i o n  of t h e  
r e s u l t s  should l e a d  t o  an understanding of t h e  i n f l u e n c e  of d e f e c t s  and.impuri- 
t ies on hydrogen , so lub i l i t i i e s  a s  we,ll as phase t r a n s i t i o n s ,  and d e v i a t i o n s  frpm' 
S i c v c r t ' s  law, . Wc hqvc bcgun t h i s  atudy w i t h  an . i n v e s t i g a t i o n  of qeveral  prop- 
e r t i e s  of , the  niobium-vanadium-hydrogen system, I n  r e c e n t . p u b l i c a t i o n s  Mats,umoto 
e t  a l .  (..I) have claimed t h a t  . s u b s t i t u t i o n a l  vanadium atoms : in  niobium a r e  s t r o i g  
l o c a l  hydrogen ,"tr.ap.s", we .have calcu1ate.d t h e  e f f e c t  , such a b ind ing  would have ,. . . 
on t h e  ,phase  diagram and , t h e  pressure-temperature-compo,~ifion isotherms. .  h he 
model i s , b a s e d  on t h e  long-range e 1 a s t . i ~  .hydrogen-hydrogen in t . e rac t ion  a s  o r ig -  
i n a l l y  p.roposed by: ~ 1 e . f  e l d  o,(2) A .  t r a p p i n g  of hydcogen a t  t h e  s u b s t  i t u t i o n a l  
vanadium s i t e s  w i l l  r e s u l t  i n  a c h a r a c t e r i s t i c  change i n  Che shape of t h e  iso-  .. 

therms a t  low concen t ra t ions ,  Experimental d a t a  which w e  have gathered on t h e  
NbV-system shows a depress ion of t h e  c r i t i c a l  p o i n t  a s  compared t o  pure  niobium 
which can be i n t e r p r e t e d  as an i n c r e a s e  i n  t h e  t e rmina l  s o l u b i l i t y ,  However, 
pressure-temperature-composition isotherms measured i n  S i e v e r t ' s  l a w  reg ion  do 
n o t  show t h e  c h a r a c t e r i s t i c  change i n  s l o p e  due t o  l o c a l  binding,  

, .  . . I 

. . .. . . , .  . .. 

Pick,  Michael A. and Welch, David 0. Hydrogen Absorption i n  .the'Niobium- 
Vanadium System. Presented a t  t h e  I n t e r n a t i o n a l  Meeting on Hydrogen i n  Metals,  
~ { n s t e r ,  Germany, ,March 6-9, 1979, ( t o  be published i n  Ze i tz ,  fGr Phys. Chemil 

... I . :.. ' . 
N.F.1. . ... 

. . .. ,. . . 
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PHASE EQUILIBRIA AND HYDROGEN, TRAPPING IN-DILUTE ALLOYS.OF VANADIUM I N  
N I O B I U M  

BNL - 25364 

M. A. Pick and Do 0. Welch 

Metallurgy and Mate r ia l s  Sciences  Divis ion 

The e f f e c t  of d i l u t e  vanadium addit i .ons . to niobium on hydrogen absorpt ion 
was s tud ied  by measuring t h e  temperature dependent equ i l ib r ium hydrogen .. 
p a r t i a l  pressure. f o r  pure  Nb, Nb+6 at .% V, and Nb+9-at.% V. A t h e o r e t i c a l  * 

model of t h e  e f f e c t  of hydrogen t rapp ing  on phase e q u i l i b r i a  'In t h e  a%' 
region of such systems was const ructed.  - The r e s u l t s  i n d i c a t e  t h a t . t h e  H-V 
b inding energy is  . l e s s  than previously  thought. l  A va lue  o f .  ; 07 eV is  ob- 
t a ined  from the . .depress ion of t h e  c r i t i c a l  temperature,  bu t  t h e  shape,  
of t h e  p ressure  isotherms sugges t s  t h a t  t h i s  i s  an upper l i m i t . .  The meas- ' 

ured h e a t  of s o l u t i o n  decreases .  £rim -37.0 t,o -38.6 t o  -38.8 k~~-a tom' l  
going from pure  Nb t o  Nb+6 at .% V t o  Nb+9 at:% Vb 

Pick,  M. A. and Welch, D. 0. Phase E q u i l i b r i a  and Hydrogen Trapping i n  D i l u t e  
Alloys of Vanadium i n  Niobium. .To be .prese'nted. a t  the .  .1979...March .Meeting o,f '  . . 
t h e  American Phys ica l  Soc ie ty ,  Chicago, IL, March 19-23, '.1979.. B u l l  Am,' Phys, 

, . SOC. 24, p. 464 (1979). . , 

Program: Phys ica l  Metallurgy of Metal ,Hydrides Systems. : 
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THE ENHANCEMENT OF HYDROGEN UPTAKE RATES I N  Nb AND Ta BY THIN Pd OVERLAYERS 

BNL - 25413 

Myron Strongin  and M. A, Pick  

Metal lurgy and M a t e r i a l s  Sciences  Divis ion 

The s t i c k i n g  c o e f f i c i e n t s ,  s, f o r  t h e  uptake of hydrogen i n t o  t h e  bulk  of Nb 
and ~ a l  a r e  of t h e ' o r d e r  of 0.03 and 0.1, a f t e r  an uptake of about 1 5  mono- 
l ayers .  s 'is found t o  i n c r e a s e . w i t h  temperature up t o  about 500K, where it 
then decreases  r a p i d l y ,  presumably due t o  t h e  decreased s o l u b i l i t y  of Hz. We 
contend t h a t  t h i s  temperature dependents on samples cleaned i n  u l t r a  h igh 
vacuum, impl ies  a s m a l l  b a r r i e r  f o r  H2 e n t r y  i n t o  t h e  bulk. We agrue t h a t  
t h e  a c t i v a t i o n  i s  n o t  due t o  bulk  d i f f u s i o n ,  s i n c e  t h e  b a r r i e r  can be essen- 
t i a l l y  removed by a ' f e w  monolayers of Pd which impl ies  t h a t  t h e  b a r r i e r  i s  
s u r f a c e  r e l a t e d .  With Pd on t h e  s u r f a c e  s f o r  H2 uptake a f t e r  t h e  a d d i t i o n  
of hundreds of l a y e r s  is about .2 a t  room temperature,  and P-8x10-6 Torr,  
and approaches .4 a t  about 150°C, 

S t rong in ,  Myron andSPick, M, A. The Enhancement of Hydrogen Uptake Rates i n  
Nb and Ta by Thin Pd Overlayers. Presented a t  American Physical  Soc ie ty ,  
Chicago, IL, March 19-23, 1979. 

Program: Phys ica l  Metallurgy of Metal Hydride Systems 

Sponsor: DOE - Off ice  of Basic  Energy Sciences ,  
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ELECTRON MICROSCOPY OF HYDROGEN DISSOLUTION I N  FeTi 

C, So Pande and M, A. P ick 

Metallurgy and Mate r ia l s  Science Divis ion 

FeTi i s  a candidate  m a t e r i a l  f o r  hydrogen s t 9 r a g e  systems, We have s t u d i e d  t h e  
d i s s o l u t i o n  of hydrogen i n  t h i n  f i l m  (-1500 A) FeTi us ing e l e c t r o n  d i f f r a c t i o n  
and t ransmiss ion e l e c t r o n  microscopy. Thin f i lms  were prepared by ion m i l l i n g ,  
The same a r e a s  of t h e  f o i l  were observed by TOEOM. before  and a f t e r  hydr iding 
and again  a f t e r  removal of t h e  hydrogen. It was observed t h a t  t h i s  could be 
accomplished by f u r t h e r  ion  mi l l ing ,  Prel iminary r e s u l t s  i n d i c a t e  t h a t  low 
l e v e l  of hydrogen d i s s o l u t i o n  i n  FeTi r e s u l t s  i n  p lanar  d e f e c t s  (probably due 
t o  order ing of hydrogen); and a r e l a t i v e l y  small  i n c r e a s e  i n  d i s l o c a t i o n  den- 
s i t y ,  Kikuchi l i n e s  disappeared on hydr iding and were recovered a f t e r  t h e  re- 
moval of hydrogen. 

Pande ,  C. S. and Pick,  M. A. E lec t ron  Microscopy of Hydrogen Disso lu t ion  i n  
FeTj. Presented a t  Annual TMS-AIME Meeting, New Orleans,  LA, Peb. 18-22, 1979. 

Programs: Re la t ionsh ip  between p r o p e r t i e s  and S t r u c t u r e s  (and) 
Phys ica l  Metallurgy of Metal Hydride Systems 
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THE EFFECT OF CREEP' ON FRACTURE OF METALS 

BNL - 24506 

A, Arbel and J, Warren 

Metal lurgy and M a t e r i a l s  Science Divis ion 

F r a c t u r e  s t u d i e s  were conducted on a commercially pure  n i c k e l  and s o l i d  s o l u t i o n  
n i c k e l  a l l o y  a f t e r  they c r e p t  t o  var ious .  ex ten t s .  The f r a c t u r e  behavior w i l l  be 
d i scussed  i n  terms of m i c r o s t r u c t u r a l  cllanges. which took plclcc dur ing the creep 
process.,' 

Arbel,  A. and Warren, J .  The E f f e c t  of Creep on Frac tu re  of Metals, Presented 
a t  t h e  TMS-AIME F a l l  Meeting, St .  Louis. MO, 0f.t- 15-19, 1978, 

Program: Effects of Micros t ruc tu re  and Environment Upon Fracture.Toughness 

Sponsor: DOE - O f f i c e  of Basic  Energy Sciences,  
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THE EFFECT OF CREEP. ON SOME RESULTANT MECHANICAL PROPERTIES OF,A,SOLID SOLUTION 
NICKEL BASE ALLOY 

A, Arbel and C, S. Pande 

Metallurgy and M a t e r i a l s  Science Divis ion 

A s o l i d  s o l u t i o n  n i c k e l  base  a l l o y  conta ining a small  amount of carbon was 
annea led , so  a s  t o  minimize i t s  d i s l o c a t i o n  d e n s i t y  and t o  form s t a b l e  c a r b i d e s  
on i t s  g r a i n  boundaries p r i o r  t o  being sub jec ted  t o  creep a t  va r ious  tempera- 
tu res .  The changes i n  r e s i s t a n c e  of t h e  a l l o y  t o  t h e  extension of sharp f a t i g u e  
precrack i n  a t h r e e  p o i n t  bend charpy type specimens and t h e  changes i n  t e n s i l e  
p r o p e r t i e s  w i l l  be discussed i n  terms of t h e  mic ros t ruc tu re  which developed - 
during t h e  creep process,  

Arbel, A. and Pande., C. So The.Effect  of Creep .on Some Resul tant  Mechanical 
P r o p e r t i e s  of a So l id  So lu t ion  Nickel &se Alloy. Presented a t  Annual, TMS- , . 

AIMEMeeting, New Orleand, LA, .Feb,. 18-22, 1.979. ... . .  . .  

Program: E f f e c t s  of Micros t ruc tu re  and 'Environment Upon F r a c t u r e  Toughness 
. . . . , . . . . . .. . / .  . 
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DEGRADATION MECHANISMS OF Nb3Sn COMPOSITE WIRES UNDER TENSILE STRAIN AT 4.2K 

BNL - 24266 

To Luhman and M, Suenaga 

Metallurgy and Materials Science Divis ion 

Nb3Sn superconducting wires e x h i b i t  r e v e r s i b l e  changes i n  Tc, Jc, and Hc2 when 
s t r a i n e d  i n  t ens ion  a t  4,2K0 Excessive t e n s i l e  s t r a i n  eventual ly  causes  ir- 
r e v e r s i b l e  degradat ion of t h e s e  p roper t i e s .  The mechanisms f o r  t h i s  behavior 
have b-een s t u d i e d  us ing  a series of monofilament wi res  d i t h  d i f f e r i n g  bronze 
t o  niobiinu r a t i o s ,  The onse t  o t  i r r e v e r s i b l e  degradat ion i s  a s s o c i a t e d  wieh 
cracking i n  t h e  Nb3Sn compound, observed o p t i c a l l y ,  and w i t h  a decreased s lope  
i n  t h e  I-V curves  of t h e  c u r r e n t  d e n s i t y  measurements. Tc, Jc, and Hc2 d a t a  
w i l l  be repor ted  f o r  v a r i o u s l y  h e a t  t r e a t e d  monofilament wi res  wi th  bronze ro  
niobium r a t i o s  from 1:l t o  44:l. 

Luhman, T. and Suenaga, M. Degradation Mechanisms of NbgSn Composite Wires 
Under Tens i l e  S t r a i n  a t  4 . 2 ~ .  Presented a t  1978 Applied Superconduct ivi ty  
Conference, P i t t s b u r g h ,  PA, Sept. 25-28, 1978. IEEE Trans. on Magnetics, 
M A G - g ,  pp. 699-702 (1979). 

Program: Superconducting Magnet Conductor Development 
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FABRICATION AND PROPERTIES OF CONDUCTORS FOR FUSION MAGNETS 

BNL -. 25417 

M, S.uenaga, To Luhman, C. Klamut, and W. B, Sampson 

Metallurgy and Materials Science Divis ion 

The o b j e c t i v e s  of t h i s  p r o j e c t  a r e  t o  develop s u i t a b l e  and economical conductors 
f o r  f u s i o n  magnets, i n  p a r t i c u l a r ,  t o  develop methods f o r  improving t h e  mechan- 
i c a l  p r o p e r t i e s  of Nb3Sn conductors, This  inc ludes  t h e  measurement and s tudy  
of degradat ion mechanisms of Nb3Sn conductors under mechanical s t r a i n .  

Our i n v e s t i g a t i o n  of degradat ion i n  t h e  superconducting p r o p e r t i e s  of Nb3Sn con- 
duc to rs  under mechanical s t r e s s e s  f o r  FY 1977 can be divided i n t o  t h e  fol lowing 

' areas :  1 )  monofilamentary Nb3Sn wi res ,  2) mul t i f i l amenta ry  Nb3Sn wi res  and con- 
duc to rs ,  3) e f f e c t s  of a d d i t i v e s  t o  Nb3Sn, 4) mechanism f o r  degrada t ion ,  and 
5) cons t ruc t ion  of h igh f i e l d  t e s t  f a c i l i t i e s ,  Our e f f o r t  i n  FY 1977 has  been 
concentra ted i n  t h e  i n v e s t i g a t i o n  of Tc, Jc and Hc2 v a r i a t i o n s  i n  monofilamentary 
Nh3Sn wires ,  The most important f i n d i n g  i n  t h i s  s tudy  is t h a t  a Nb3Sn w i r e  can 
s u s t a i n  mechanical s t r a i n  w e l l  beyond "1%" - i f  a proper r a t i o  of t h e  mat r ix  t o  t h e  
Nb core  was chosen, 

I n  t h e  a r e a  of mul t i f i l amenta ry  wi res  and conductors,  a s e r i e s  of seven w i r e  l i t z  
conductors was prepared. These conductors w i l l  be used t o  s tudy  t h e  mechanical 
and superconducting p r o p e r t i e s  of Nb3Sn wi res  when they  a r e  f a b r i c a t e d  i n t o  a 
l i t z  conductor. Also, a series of f i v e  experimental  unreacted Nb3Sn composite 
wi res  was purchased, These f i v e  d i f f e r e n t  w i r e s  w i l l  be used t o  i n v e s t i g a t e  t h e  
e f f e c t s  of v a r i a t i o n s  i n  Nb t o  normal m e t a l  r a t i o ,  Nb f i l ament  s i z e  and Nb-core 
composition on t h e  mechanical behavior of-Nb3Sn composite wires ,  These r e s u l t s  
w i l l  t hen  be compared w i t h  those  of monofilamentary wires ,  

I n  o rder  t o  ga in  an understanding of t h e  f r a c t u r e  mechanism of Nb3Sn l a y e r s  i n  
t h e  composite, o p t i c a l  and e l e c t r o n  microscopic s t u d i e s  of s t r e s s e d  Nb3Sn w i r e s  
were i n i t i a t e d .  F ina l ly ,  t h e  d e s c r i p t i o n  of t h e  h igh  f i e l d  t e s t  f a c i l i t y  is given, 

Suenaga, M., Kaiho, K., and Luhman, T. Superconducting P r o p e r t i e s  of Nb3Sn Wires 
by BronzecProcess. Progress  Report FY 1978. 

Program: Superconducting Magnet Conduceor Development 
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INCREASES I N  THE ALLOWABLE STRAIN LIMITS FOR Nb3Sn WIRE CONDUCTORS BY ALLOYING 
THE BRONZE MATRIX WITH Be 

BNL - 24628 

Thomas Luhman 

Metal lurgy and   ate rials Science Divis ion 

Superconducting c r i t i c a l  c u r r e n t  d e n s i t i e s  have been measured a s  a . f u n c t i o n  of 
app l ied  t e n s i l e  s t r a i n  a t  4,2 K and 4,O t e s l a  on monofilament Nb3Sn w i r e s  con- 
t a i n i n g  0 and 0,03 w t %  Be a d d i t i o n s  t o  t h e ' c u + l l O 2  wt% Sn matr ices ,  ~ y p i c a l l ~  
f o r  a bronze t o  niobium r a t i o  of 2.5:l a maximum occurs  i n  t h e  of Jc versus  
s t r a i n  a t  0.6% whi le  t h e  onse t  of i r r e v e r s i b l e  Jc degradat ion occurs  a t . a  s t r a i n  
v a l u e  o f  1,3-.1,4%, Alloying wi th  0.03 wt% Be increased t h e  s t r a i n  va lue  f o r  t h e  
maximum t o  1,OX and inc reased  t h e  s t r a i n  v a l u e  marking i r r e v e r s i b l e  Jc degrada- 
t i o n  t o  l o 7 % ,  These i n c r e a s e s  i n  t h e  al lowali le s t r a i n  l i m i t s  are achieved with- 
o u t  decreas ing  t h e  o v e r a l l  superconducting, t o  normal metal  r a t i o  and without any 
d e l e t e r i o u s  e f f e c t s  on the , superconduc t ing  c r i t i c a l  c u r r e n t  d e n s i t i e s  a t  4.0 
t e s l a ,  . . 

Luhman, Thomas. I n c r e a s e s  i n  t h e  Allowable S t r a i n  L imi t s  f o r  Nb3Sn Wire Con- 
d u c t o r s  by Alloying t h e  Bronze Matr ix  w i t h  Be. To be  published i n  J o u r n a l  
of Appl. Phys., May 1979. e 

Program: Superconducting Magnet Conductor Development 
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EFFECTS OF CORE ALLOYING ON THE TENSILE STRAIN - CRITICAL CURRENT' DENSITY 
RELATIONSHIPS I N  Nb3Sn COMPOSITE CONDUCTORS 

BNL - 24953 

Thomas Luhman, K O  Kaiho, and Mo Suenaga 

Metallurgy and M a t e r i a l s  Science Divis ion 

Incorporat ing Ta and Z r  a l l o y  a d d i t i o n s  i n  t h e  niobium c o r e  of Nb3Sn supercon- 
duct ing wi res  is known t o  i n c r e a s e  t h e i r  c r i t i c a l  c u r r e n t  d e n s i t i e s ,  It is  of 
i n t e r e s t  t h e r e f o r e  t o  i n v e s t i g a t e  how t h e s e  a l l o y  a d d i t i o n s  e f f e c t  t h e  depen- I 

dency of c r i t i c a l  c u r r e n t  on mechanical t e n s i l e  s t r a i n ,  S t r e s s - s t r a i n  and cur- 
r e n t  d e n s i t y - s t r a i n  measurements were made on monofilament w i r e s  having t h e  
niobium c o r e s  a l loyed  wi th  3 t o  20 wt%Ta and 1 wt%Zr, Z r  a l l o y  a d d i t i o n s  s ig-  
n i f i c a n t l y  i n c r e a s e  t h e  t e n s i l e  s t r a i n s  required t o  permanently degrade t h e  
c r i t i c a l  c u r r e n t  a t  4.0 t e s l a ,  This  e f f e c t  w a s  a func t ion  of t h e  bronze t o  
niobium r a t i o ,  No s i g n i f i c a n t  d i f f e r e n c e s  were found f o r  t h e  Ta a l l o y  addi- 
t ions .  The r e s u l t s  a r e  i n t e r p r e t e d  in terms of t h e  p resen t  understanding of 
crack formation i n  NbgSn l a y e r s  of t h e  composite conductors,  

Luhman, Thomas and Suenaga, M. l n c r e a s e s  i n  t h e  Allowable S t r a i n  L i m i t s  f O Y  
Nb3Sn Wire Conductors by Alloying t h e  Bronze Matrix w i t h  Be. Presented a t  
TMS-AIME F a l l  Meeting, S t ,  Louis, MO, October 15-19, 1978. 

Program: Superconducting Magnet Conductor Development 
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SUPERCONDUCTING PROPERTIES OF Nb3Sn WIRES BY BRONZE PROCESS 

BNL - 24983 

M. Suenaga, K. Kaiho, and To Luhman 

Metal lurgy and M a t e r i a l s  Science Divis ion 

Improvements i n  t h e  superconducting c r i t i c a l  c u r r e n t  d e n s i t y  i n  Nb3Sn wi res  
a r e  of g r e a t  i n t e r e s t  f o r  t h e i r  a p p l i c a t i o n  t o  magnetic f u s i o n  magnets. 
Recently,  a l l o y i n g  Nb c o r e s  wi th  Ta i n  bronze-processed Nb3Sn wi res  increased 
t h e  Jc of t h e s e  wlres at high  magnetic f i e l d  ( - 1 0 ~ ) ~ ~  W e  have s tud ied  mono- 
f i l amenta ry  Nb cores ,  w i t h  7 ,  10,  and 20 wt%Ta and measured Jc(H) up t o  18,5T, 
c r i t i c a l  magnetic f i e l d s ,  Hc2, and c r i t i c a l  temperature,  Tc, f o r  wi res  i n  
which t h e  r a t i o s  of t h e  bronze t o  t h e  c o r e  of t h e  wi res  were 3 and 15. These 
w i r e s  were h e a t  t r e a t e d  f o r  6 and 15 h a t  7 2 5 ' ~  ( longer  h e a t  t rea tments  a r e  
being made). The Hc2 of t h e  wires wi th  a r a t i o  of 3 was N2105T f o r  a l l  Ta 
a l l o y e d  wires.  This  v a l u e  i s  -2T h igher  than a pure  Nb3Sn wi re  wi th  an equal  
r a t i o ,  However H,2 f o r  t h e  wi res  wi th  a r a t i o  of 15 v a r i e d  from 16 t o  18T 
a s  Ta i n  Nb inc reased  from 7 t o  20wt%, whi le  t h e  Hc2 of t h e  unalloyed Nb3Sn 
w i t h  t h e  same r a t i o  was ~ 1 7 T .  Tc decreased almost l i n e a r l y  w i t h  t h e  a l l o y i n g  
con ten t  of Ta. Tc of 20wt%Ta core  w a s  -14.5K f o r  t h e  p resen t  h e a t  t rea tment ,  
I n  a d d i t i o n ,  w e  have s t u d i e d  t h e  a l l o y i n g  of t h e  mat r ix  wi th  Ga wi th  t h e  cores  
a s  descr ibed above, The Hc2 over t h e  wi res  of 7, 10,  and 20wt%Ta cores  wi th  
Cu-7,5wt%Sn-5wt%Ga, which were h e a t  t r e a t e d  f o r  64h a t  725"C, was 22,5T for 
a l l  w i r e s ,  The r e s u l t s  of longer  h e a t  t r ea tments  f o r  t h e  above wires will 
a l s o  be  repor ted,  

Suenaga, M., Kaiho, K., and Luhman, T. Supercondilcting P r o p e r t i e s  of NbgSn 
Wires by ~ r o n z e  Process.  presented a t  TMS-AIME Meeting, New Orleans,  LA, 
February 18-22, 1979. 

Program: Superconducting Magnet Conductor Development 
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AMORPHOUS SEMICONDUCTORS 1N.PHOTOVOLTAIC AND SOLAR THERMAL CONVERSION 

Richard.  W, Gr i f  f i t h  

Metallurgy and Mate r ia l s  Science Divis ion 

Amorphous semiconductor m a t e r i a l s  promise t o  p lay  an  important r o l e  i n  s o l a r  
energy conversion. For pho tovo l ta ic  a p p l i c a t i o n s ,  accep tab le  e f f i c i e n c e s  q 
i n  large-area  Schottky c e l l s  may be p o s s i b l e  i f  ho le  t r a n s p o r t  i n  a-Si can be 

2 improved, Indeed, i n  ve ry  small-area c e l l s  (-1 mm ) reasonable  upper l i m i t s  
~ 6 %  have been repor ted in t h e  l i t e r a t u r e .  For s o l a r  thermal a p p l i c a t i o n s ,  
s t u d i e s  on Sil-,B, a l l o y s  p o i n t  toward t h e  r e a l i z a t i o n  of s o l a r  coa t ings  t h a t  
a r e  s t a b l e  a t  h igh temperatures,  and t h a t  s a t i s f y  t h e  d u a l  requirement of h igh 
s o l a r  absorptance as and low i n f r a r e d  emit tance e ,  

G r i f f i t h ,  Richard W. Amorphous Semiconductors i n  Pho tovo l ta ic  and S o l a r  
Thermal Conversion. Proceedings I n t e r n a t i o n a l  Conference S o l a r  Energy 
Congress, New Delhi ,  I n d i a ,  January 16-20, 1978, ( i n  p ress ) .  

Program: Basic  Processes  and M i c r o s t r u c t u r a l  P r o p e r t i e s  
of Amorphous Semiconductors 

Sponsor: DOE - Off ice  of Basic  Energy Sciences,  
M a t e r i a l s  Sciences  Divis ion 
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POLYMER CONCRETE MATERIALS FOR GEOTHERMAL PROCESSES 

L. E. Kukacka 

Process  Sciences  Div i s ion  

The f e a s i b i l i t y  of us ing  polymer concre tes  a s  m a t e r i a l s  of c o n s t r u c t i o n  i n  
geothermal processes  has  been e s t a b l i s h e d  and work t o  determine t h e  p rac t i ca -  
h i  l i ry  is c u r r a n t l y  i n  progress. 

High 
them 
sever 

temperature polymer concre te  formulat ions  and t h e  technology f o r  us ing 
t o  produce p rocess  components a r e  being developed. Extensive t e s t i n g  a t  
'a1 geothermal s i t e s  i s  i n  progress .  Good d u r a b i l i t y  i s  ind ica ted .  

S t u d i e s  t o  i d e n t i f y  c o s t - e f f e c t i v e  a p p l i c a t i o n s  a r e  being performed. To d a t e ,  
uses  i n  condensate p ip ing  systems, cool ing towers, r e i n j e c t i o n  l i n e s  and a s  
a p r o t e c t i o n  f o r  concre te  pads have been i d e n t i f i e d .  

Kukacka, L. E. Polymer Concrete M a t e r i a l s  f o r  Geothermal Processes.  Presented 
a t  Plenary Lecture  a t  U.  S. DOE, Divis ion of Geothermal Energy, Mate r ia l s  
Symposium, Aust in ,  Texas, May 22-25, 1978. 

Program: Al te rna te  M a t e r i a l s  of Construct ion f o r  Geothermal. 
Appl icat ions  

Sponsor: DOE - Off ice  of Geothermal Energy 



POLYMER CONCRETE MATERIALS FOR USE IN GEOTHERMAL ENERGY PROCESSES 

BNL - 24214 

Lawrence E. Kukacka 

Process Sciences Division 

The feasibility of using polymer concretes as materials of construction in 
geothermal processes has been demonstrated and tests to determine the practica- 
bility are in progress. High temperature polymer concrete systems have been 
formulated and laboratory and field tests are being performed in brine, flash- 
ing brine, and steam at temperatures up to 500'~ (,260°c). Results are available 
from field exposures of up to 18 months in four geothermal environments. Good 
durability at temperatures > 392OF (200°C) is obtained with samples contain- 
ing portland cement-silica sand aggregate.. Based upon these results, potential 
applications for polymer concrete in geothermal processes have been identified 
and the effects of its use on the cost of electric power generation have been 
estimated. Reductions in the cost of power delivered to the distribution 
system of 'L 10% were calculatecl. Redesign of the plants for the optimum 
utilization of polymer concrete would be expected to result in greater 
savings. 

Kukacka, L. E. Polymer Concrete Materials for Use in Geothermal Energy 
Processes. Proc. Se_cond International Congress on Polymers in Concrete, 
University of Texas at Austin, 0ctober-25-27, 1978, pp. 157-72. 

Program: Alternate Materials of Construction for Geothernal 
Applications 

Sponsor: DOE - Office of Geothermal Energy 



THE STATE-OFyTHE-ART OF THE USE OF CONCRETE POLYMER MATERIALS FOR 
THE REPAIR OF CONCRETE HYDROTECHNICAL STRUCTURES 

BNL - 24926 

L. E. Kuka'cka 

Process Sciences Division 

This,report summarizes the current state of the art of the use of 
concrete polymcr materials iu Ll~e repair of concrete structures 
and in particular applications in hydrotechnical scrl.1cturos cuah 
as spi!. lwaya, cf illing bas ina ,  sl .euceways, ourlets, and canals. 
Descriptions of the monomer systems and process technology used 
in the repair processes and the effectiveness of the repairs are 
given. Results from work performed In the USA and USSR are in- 
cluded. 

Program: Ut.er.nate Materials of Construct ion for Geothermal 
Appl .il.;r~ I I I I ~ S  

Sponsor: DOE - Office of Geothermal Energy 



THE EFFECT OF DICALCIUM SI.LICATE (C S) AND TRICALCIUM SILICATE (C3S) 
ON THE THERMAL S T A ~ ~ Y  OF V I N Y L - ~ P E  POLYMER CONCRETE 

BNL -. 24976 

T. Sugama and L. E. Kukacka 

Process Sciences Divis ion 

The e f f e c t  of anhydrous. cement on t h e  thermal s t a b i l i t y  of v iny l -  
type polymer concretes. has  been s tud ied  by i n v e s t i g a t i n g  t h e  chemical. 
i n t e r a c t i o n  between. t h e  polymers and t h e  calcium compounds of cement., 
It was. proven from d i f f e r e n t i a l  scannrng ca lo r imet ry  tha t .C2S and 
C3S have a s i g n i f i c a n t  e f f e c t  on t h e  thermal s t a b i l i t y  of polymethyl 
methacryla te  and polystyrene.  From i n f r a r e d ,  a n a l y s i s ,  t h e  r e a c t i o n  
mechanism appears  t o  occur between t h e  calcium oxide i n .  t h e  f i l l e r  
and t h e  -CH2- groups i n  t h e  po1.ymer. Polymer concre te  conta ining 
17 w t %  C2S maintained e x c e l l e n t  s t r e n g t h  a f t e r  exposure f o r  30 days 
t o  25% b r i n e  s o l u t i o n s  and t o  a i r  a t  238OC. 

Sugama, T. and Kukacka, L. E. The E f f e c t  of Dicalcium S i l i c a t e  (C2S) and 
Tr icalc ium S i l i c a t e  (C3S) on t h e  Thermal S t a b i l i t y  of Vinyl-Type polymer 
Concrete. Cement and Concrete Research 9, ( I ) ,  pp. 69-76 (1979). 

Program: A l t e r n a t e  Mate r ia l s  of Constructi-on f o r  Geothermal 
Appl icat ions  

Sponsor: DOE - Office '  of Geothermal Energy 



THE INFLUENCE OF THE CURING AGENT CONCENTRATION AND CURING TEMPERATURES ON 
THE THERMOSTABILITY OF STYRENE-ACRYLONITRILE-ACRYLAMTDE-TRI-E 
TRIMETHACRYLATE COPOLYMER SYSTEMS 

A. N. Zeldin, L. E. Kukacka, J. J. Fontana, N. R. Carclello, and W. Reams 

Process Sciences Division 

Thermogravimetric (TGA) and Ihfrared (IR) analyses have been used to de- 
termine the thermal stability of a polymer system consisting nS sry:rms- 
acryloni~~lle-ar.ry I arnide and trimothylolpropaili LL P_we Ll~acrylace. T h i s  
study indicates that increases in curing temperature and the use of two 
initiators with different activities decreases the percentages of im- 
reacLed monomers. 'J'his increases the thcrmal stabili~y uf the polper. 
To prove this, dynamic and isothermal TGA were used. The change in 
typical functional groups found hy IR spectra also confirm this ubserva- 
tion. 

Zeldin, A. N., Kukacka, L. E., Fontana, J. J., Carcielln, N i  R., and Reams, W. 
The IuLluence of the Curing Agent Concentratfon and Curing Temperslturca an the 
ThermostaLllity of styrene-Acryionitrile-Acrylamide-Trimethylolpropane Trimeth- 
acrylate Copolymer Systems. J. Appl. Polymer Sci. (submitted) . 

Program: Alternate Materials of Construction for Geother-al 
Ap? 1 i r qt i o c ~  

Sponsor: DOE - Office of Geothermal Energy 



ECONOMIC ASSESSMENT OF POLYMER CONCRETE USAGE I N  GEOTHERMAL POWER PLANTS 

BNL - 50777 

Burns and Roe I n d u s t r i a l  Serv ices  (prepared f o r  L. E. Kukacka) 

Process  Sciences Divis ion 

The o b j e c t i v e  of t h i s  r e p o r t  was t o  review t h e  Herber and Niland, C a l i f o r n i a  
50 MWe conceptual  geothermal power p l a n t s  des igns  and t o  i d e n t i f y  a r e a s  
where non-metall ic m a t e r i a l s ,  such a s  polymer concrete ,  can be  t e c h n i c a l l y  
and economically employed. Emphasis w a s  d i r e c t e d  toward determining p o t e n t i a l  
economic advantages and r e s u l t i n g  improvements i n  p l a n t  a v a i l a b i l i t y .  It is  
es t imated t h a t  use  of polymer concre te  i n  t h e  Heber p l a n t  w i l l  e f f e c t  a 
savings  of 6.18 m i l l s  per  KWH i n  t h e  c o s t  of power d e l i v e r e d  t o  t h e  network, 
a savings  of 9.7%. A s i m i l a r  savings  should be e f f e c t e d  i n  t h e  Niland p l a n t .  

Program: A l t e r n a t e  M a t e r i a l s  of Construct ion f o r  Geothermal 
Appl icat ions  

Sponsor: DOE - Off ice  of Geothermal Energy 



ALTERNATE MATERIALS OF CONSTRUCTION FOR GEOTHERMAL APPLICATIONS, PROGRESS 
REPORT NO. 15,  OCTOBER 1977-MARCH 1978 

BNL - 50834 

L. E. Kukacka, J. Fontana, A. Zeldin,  T. sugarnay W. Horn, N. C a r c i e l l o ,  J. Amaro, 
and W. Reams 

Process  Sciences  Divis ion 

A program t o  determine. i f  non-metall ic m a t e r i a l s  such a s  polymers, ' concre te  
polymer composites,  and r e f r a c t o r y  cements can be 1t t . i  1 i z r d  as maizcrials of 
cot ia t rucl iu l l  In geat;h~.rma"l proseccco Pa i i ~  p ~ u g r . r s s .  '10 d a t e ,  s e v e r a l  h igh 
twuperature  polymer concre te  systems. have been formulated,  l abora to ry  and 
f i e l d  t e s t s  performed i n  b r i n e ,  f l a s h i n g  b r i n e ,  and steam a t  temperatures up 
t o  260°c (500°F), and economic 's tudies  s t a r t e d .  Laboratory d a t a  f o r  exposure 
t imes > 2 y e a r s  a r e  a v a i l a b l e .  Resu l t s  a r e  a l s o  a v a i l a b l e  from f i e l d  exposures 
of up t o  24 montlls i n  f o u r  geothermal environments. Good d u r a b i l i t y  i s  i n d i c a t e d .  
Work a t  f o u r  of t h e s e  sites is  cont inuing and p lans  t o  i n i t i a t e  t e s t s  a t  o t h e r  
s i t e s  are being implemented. Work accomplished dur ing t h e  per iod October 1977- 
March 1978 i s  desc r ibed  i n  t h e  c u r r e n t  r e p o r t .  

BNL Progress  Report ,  October 1977-March 1975. 

Program: A l t e r n a t e  Mate r ia l s  of Construct ion f o r  Geothernlal 
Appl icnt inns  

' sponsor :  DOE - Off ice  of Geothermal Energy 



ALTERNATE MATERIALS OF CONSTRUCTION FOR GEOTHERMAL APPLICATIONS, PROGRESS 
REPORT NO. 16, APRIL-SEPTEMBER 1978 

BNL - 50925 

L. E. Kukacka, J. Fontana, A. Zeldin, J. Amaro, T. Sugama, N. Carciello, 
and W. Reams 

Process Sciences Division 

A program to determine if non-metallic materials such as polymers, concrete 
polymer composites, and refractory cements can be utilized' as materials of 
construction in geothermal processes is in progress. To date, several high 
temperature polymer concrete systems have been formulated, laboratory, and 
field tests performed in brine, flashing brine, and steam at temperatures 
up to 260°c (500°F), and economic studies started. Laboratory data for 
exposure times > 2 years are available. Results are also available from 
field exposures of up to 24 months in five geothermal environments. Good 
durability is indicated. Work at four of these sites is continuing and 
plans to initiatk tests at other sites are being implemented. Work ac- 
complished during the period April-September 1978 is described in the 
current report. 

BNL Progress Report, April-September 1978. 

Program: Alternate Materials of Construction :or Geothermal 
Applications , 

Sponsor: DOE - Office of Geothermal Energy 



CONCRETE POLYMER MATERIALS FOR GEOTHERMAL APPLICATIONS 

BNL - 24215 

Arkady Zeldin, Lawrence E. Kukacka and Neal Carciello 

Process Sciences Division 

The feasibility of using a copolymer composed of styrene, acrylonitrile, and 
acrylamide or methacrylamide in the formation of a high strength thermally 
and chemic,ally stable polymer concrete for use in geothermal environments has 
been demonstrated. Specimens produced with the copolym~r in conjiinr  tin^ with 
&a agg~egalt! can~aii l ing sand and portland ccmcnt IiaJ ~uu~y~-essive sclrengths 
In the range 25,000 to 30,000 psi and were thermally stable up to % 240'~. 

A study of the effect of monomer concentration on the properties of the 
polymer concrete indicated that the optimum concentration is in the range. 
12 to 13 wt%. Increased monomer concentration lead to a nonuniform polymer 
distribution within the composite, resulting in a deterioration of the properties. 
The optimum properties are obtained when the monomer is used in c,?njunction 
with an aggregate containing 70 to 80 wt% silica sand-and 20 to 30 wt% port- 
land cement. 

The results from laboratory and field evaluations in progress indicate that 
the materials can be used for pipe or as protective liners on pipe and vessels 
in electric generat,ing and direct utilization geothermal processes. 

Zeldin, A., Kukacka, L. E., and Carciello, N. Concrete Polymer Materials for 
Geothermal Applications. Presented .at AIChE Symposium, Philadelphia, Pennsylvania, 
.Tun.* 4-8, 1978. 

Program: Cementing of Geothermal Ye1l .s  

Sponsor: DOE - Office of Geothermal Energy 



CEMENTING OF GEOTHERMAL WELLS, PROGRESS REPORT NO. 7;OCTOBER-DECEMBER 1977 

BNL - 50808 

L. E. Kukacka, J. Fontana, A. Zeldin,  N.  C a r c i e l l o ,  T. Sugama, G. L. Kalousek, 
T. J. Rockett ,  B. E. Simpson, R. S. Kalyoncu, D. M. Roy, and D. K. Cur t i ce  

Process Sciences Divis ion 

A coordinated program f o r  t h e  development of improved cements s p e c i f i c a l l y  
designed f o r  geothermal w e l l  a p p l i c a t i o n s  was s t a r t e d  i n  A p r i l  1976. Since  
t h a t  time an  assessment of t h e  s t a t e  of t h e  a r t  of w e l l  cementing has  been 
made, a management p l a n  prepared,  and resea rch  on organic  and inorgan ic  

' 

cementing m a t e r i a l s  s t a r t e d .  Work accomplished dur ing t h e  per iod October 1- 
December 31, 1977 is  descr ibed i n  t h e  c u r r e n t  r e p o r t .  

BNL Progress  Report, October-December 1977 . . 

Program: Cementing of Geothermal Wells 

Sponsor: DOE - O f f i c e  of Geothermal Energy 



CEMENTING OF GEOTHERMAL WELLS, PROGRESS REPORT NO. 8 ,  JANUARY-MARCH 1978 

BNL - 50850 

L. E. Kukacka, J. Fontana, T. Sugama, T. J. Rockett ,  R. S. Kalyoncu, D. K. Cur t i ce ,  
E. R. f i l l e r ,  A. Zeldin ,  N. C a r c i e l l o ,  W. Reams, G. L. Kalousek, B. E. Simpson, 
and D. M. Roy 

Process  Sciences Div i s ion  

A coordinated progr'am f o r  t h e  development of improved cements s p e c i f i c a l l y  
designed f o r  geothermal w e l l  a p p l i c a t i o n s  was s t a r t e d  i n  A p r i l  1976. Since  
t h a t  t ime a n  assessment of t h e  s t a t e  of t h e  a r t  of w e l l  cementing has  been 
made, a management p l a a  prepared,  and r e s e a r c h  on o rgan ic  and inorgan ic  cement- 
i n g  m a t e r i a l s  s t a r t e d .  Work accomplished dur ing t h e  per iod January 1-March 31, 
1978 i s  desc r ibed  i n  t h e  c u r r e n t  r e p o r t .  

BNL Progress  Reporr, January-March 1978 

Program: Cementing of Geothermal Wells 

Sponsor: DOE - O f f i c e  of Geothermal Energy 



CEMENTING OF GEOTHERMAL WELLS, PROGRESS REPORT NO. 9, APRIL - JUNE 1978. 

BNL - 50911 

L. E. Kukacka, J. Fontana, T. Sugama, T. J. Rockett, R. S. Kalyoncu, A. Zeldin, - 
D. K. Curtice, N. Carciello, G. L. Kalousek, B. E. Simpson, and D. M. Roy 

Process Sciences Division 

Work to implement the program plan for the development of improved high tempera- 
ture cementing materials for geothermal wells is continuing. Research work is 
currently in progress at Brookhaven National Laboratory, ~attelle's Columbus 
Laboratories, Colorado School of Mines, Dowell, Pennsylvania State University, 
Southwest Research Institute, University of Rhode Island and the National 
Bureau of Standards. 

Work on the first element of the program management plan (problem definition) 
has been completed by Dowel1 and a report issued. The materials development 
and property verification phases of the plan are in progress. 

The first meeting of the "Geothermal Well Cement Advisory Panel" since it 
became affiliated as a Task Group of the American Petroleum Institute was held 
on June 20-21, 1978. All segments of the well completion industry were present 
at the meeting. The agenda for the meeting included technical presentations by 
the participants in the materials development and property verification phases 
of the program, a general discussion of the work and problems associated with 
the use of the technology by industry, and a visit to an oil well site. 

Work on PC containing mixtures of organosiloxanes and styrene is continuing 
to show the potential of the system as a high temperature cementing material. 
Samples exposed for 360 hr to brine at 250'~ have not shown evidence of hydrolysis 
and have maintained high strength. At 350°C, the compressive strength is 
> 5000 psi. Preliminary tests to determine the pumpability of the system are in 
progress. 

Work on the development of inorganic cementing materials is continuing at 
six laboratories. Several promising materials have' been identified. Tests 
to measure compressive strengths, bond strengths, permeability, and compati- 
bility with drilling muds are in progress. Consistometer tests have been 
performed on some materials. 

Based upon preliminary results from the program, workers at the Los ~lamos 
Scientific Laboratory have requested asslstax~ce in the selection of a 
material for use in the remedial cementing of hot dry rock well. As a 
precursor to the selection of a material,, property verification tests on 



s e v e r a l  cand ida te  m a t e r i a l s  w i l l  be  s t a r t e d  a t  t h e  Nat ional  Bureau of Standards 
i n  August. Cements t o  be t e s t e d  inc lude  a hydrothermal cement, two polymer 
cements and a Type G modified wi th  s i l i c a  f l o u r .  A recommendation f o r  a 
m a t e r i a l  w i l l  be  made i n  l a t e  October. The remedial  cementing i s  scheduled 
f o r  l a t e  1978. I f  implemented, t h i s  w i l l  r e p r e s e n t  t h e  f i r s t  down-hole t e s t  
of a cement developed i n  t h e  program. 

BNL Progress  Report, April-June 1978. 

Cementing of Geothermal Wells 

Sponsor: DOE - O f f i c e  of Geothermal Energy 



CEMENTING OF GEOTHERMAL WELLS, PROGRESS REPORT NO. 10,  JULY - SEPTEMBER 1978 

BNL - 50943 

L.E. Kukacka, J. Fontana, T. Sugama, T.J. Rockett ,  R.S. Kalyoncu, D.K. Cur t i ce ,  
E.R. F u l l e r ,  A. Zeldin,  N. C a r c i e l l o ,  W. Reams, B.E. Simpson, D.M. Roy 

Process Sciences Div i s ion  

Work t o  implement t h e  program p l a n  f o r  t h e  development of improved high 
temperature cementing m a t e r i a l s  f o r  geothermal w e l l s  is cont inuing.  
Research work is  c u r r q n t l y  i n  p rogress  a t  Brookhaven Nat ional  Laboratory,  
B a t t e l l e ' s  Columbus Labora to r ies ,  Dowell, Pennsylvania S t a t e  Univers i ty ,  
Southwest Research h s t i t u t e ,  Univers i ty  of Rhode I s l a n d  and t h e  Nat ional  
Bureau of Standards.  Experimental work has  been completed a t  t h e  
Colorado School of Mines and a f i n a l  r e p o r t  i s  being prepared.  Samples 
of 8-dicalcium s i l i c a t e - s i l i c a  cement developed i n  t h i s  program have 
been submitted f o r  a d d i t i o n a l  e v a l u a t i o n  a t  Dowel1 and t h e  Nat ional  
Bureau of Standards.  

Phase I1 of Dowell's program is cont inuing.  The i n i t i a l  sc reen ing  por t ion  
of t h i s  work has i d e n t i f i e d  s e v e r a l  promising systems t h a t  w i l l  undergo 
more r igorous  t e s t i n g .  Dynamic b r i n e  expos'ure t e s t i n g  of s e v e r a l  systems 
has  been i n i t i a t e d  a t  t h e  East  Mesa Geothermal Test  F a c i l i t y .  Tes t ing  
a t . t h e  Niland t e s t  s i t e  i s  scheduled t o  s t a r t  soon. 

Proper ty  v e r i f i c a t i o n  t e s t s  on cements produced i n  t h e  m a t e r i a l s  
development phase of t h e  program were i n i t i a t e d  a t  t h e  Bureau of Standards.  
Pre l iminary d a t a  a r e  a v a i l a b l g  f o r  f i v e  cements exposed f o r  176 h r  t o  
wa te r  a t  a temperature of 195 C. Three of t h e  cements exh ib i t ed  s t r e n g t h  
l o s s e s  dur ing t h e  test. An aluminum hydroxide cement and a polymer cement 
showed s l i g h t  i n c r e a s e s  i n  s t r e n g t h  a f t e r  t h e  exposure. These and 
longer-term d a t a  w i l l  be u t i l i z e d  i n  t h e  s e l e c t i o n  of a m a t e r i a l  f o r  use 
i n  t h e  remedial  cementing of a h o t  d r y  rock w e l l  a t  t h e  Los Alamos 
S c i e n t i f i c  Laboratory. A recornendat inn f o r  a m a t e r i a l  w i l l  be alaclt! In 
December. The remedial  cementing i s  scheduled f o r  January 1979. I f  
implemented, t h i s  w i l l  r e p r e s e n t  t h e  f i r s t  down-hole t e s t  of a cement 
developed i n  t h e  program. 

BNL Progress  Report, July-Septemb.er 1978. 

Program: Cementing of Geothermal Wells 

Sponsor: DOE - O f f i c e  of Geothermal Energy 



THIN SAND FILLED RESIN OVERLAYS : 

BNL - 24079 

J a c k  , J. Fontana and Ronald Webs t e r  

Process  Sciences  Div i s ion  

The use  of t h i n  sand f i l l e d  res inous  over lays  t o  prevent  t h e  p e n e t r a t i o n  of 
water  and de ic ing  s a l t s  i n t o  por t l and  cement concre te  (PCC) b r idge  and overpass 
decks has  been i n v e s t i g a t e d .  -Sea l ing  of PCC s u r f a c e s  and t h e  p r o v l s i u l ~  of a 
new durab le  sk id  r e s i s t a n t  s u r f a c e  cannot be a t t a i n e d  w i t h  convent ional  PCC o r  
a s p h a l t  materials. An overa ly  composed of m u l t i p l e  l a y e r s  ul: s y n t h e t i c  thermo- 
s e t t i n g  r e s i n s  and c lean ,  dry ,  ground g r a i n  s i l i c a  sand which reduces t h e  
p e n e t r a t i o n  of water by over 94% has been developed. 

It has  been shown by o t h e r s  t h a t  membranes a r e  considered impermeable t o  water  
i f  t h e  e l e c t r i c a l  r e s i s t a n c e  a c r o s s  t h e  membrane is  g r e a t e r  than 5x105.- ohms/sq 
f t a f  t e r  s a t u r a t i o n  w i t h  water  f o r  24 hours .  A l l .  t h e  aggregate  f i l l e d  res inous  
over lay  systems t e s t e d  have e l e c t r i c a l  r e s i s t a n c e s  g r e a t e r  than 1 9 x 1 0 ~  ohms/sq 
f t  a f t e r ,  24 hours.  Several  systems have shown e l e c t r i c a l  r e s i s t a n c e s  g r e a t e r  
than 1 9 x 1 0 ~  ohms,sq f t a f  t e r  28 days of .water s a t u r a t i o n .  

The bonding of t h e  over lay  t o  PCC, as measured by t h e  shear  s t r e n g t h  a t  t h e  
i n t e r f a c e ,  i s  g r e a t e r  than  t h e  shear  s t r e n g t h  of PCC i n  most cases .  

F i e l d  a p p l i c a t i o n s  have been made by highway maintenance crews w i t h  avaflabfe 
highway equipment. The New York S t a t e  Department of Transpor ta t ion  (NYS DOT) 
has  measured t h e  sk id  r e s i s t a n c e  of t h e  over lay  s u r f a c e  w i t h  t h e i r  sk id  t r a i l e r  
and found it t o  have 3 SET of 4 6 .  The materia.3 s c o s t  of such an over lay  i s  
approlrimatcly $7.50/sq yd , 

Fontana, J . . J .  and Webster, K. Thin Sand F i l l e d  Resin Overlays. Presented 
a t  2nd I n t e r n a t i o n a l  Congress on Polymers i n  Concrete, Aust in ,  Texas, 
October 25-27, 1978. 

Program: Implementation of Concrete Polymer Research on Repair  of 
Dc tc r io ra ted  C ~ n c r e t e  

Sponsor: FHWA - Implementation Div i s ion  



THIN POLYMER CONCRETE OVERLAYS - INTERIM USERS' MANUAL.. 

BNL - 24110 

R. Webster, J. Fontana, and L. E. Kukacka 

. . Process  Sciences  Divis ion 

This i n t e r i m  u s e r s '  manual o u t l i n e s  the  procedures f o r  t h e ' u s e  and placement 
of t h i n  polymer-concrete over lays  on concre te  b r idge  decks. 

The over lay,  which c o n s i s t s  of a l t e r n a t i n g  l a y e r s  of monomer and aggregate ,  
i s  h igh ly  impermeable t o  t h e  p e n e t r a t i o n  of c h l o r i d e s  and water .  Each l a y e r  
of t h e  over lay  cures  r a p i d l y ,  i n  one t o  t h r e e  hours.  Exce l l en t  bond s t r e n g t h ,  
i n  excess of 500 p s i  (3.45 MPa), can be developed between t h e  over lay and d ry  
and c lean ,  sound concrete .  I n  a d d i t i o n ,  t h e  over lay shows.potent ia1 a s  a 
means of r e s t o r i n g  t h e  sk id  r e s i s t a n c e  of pol ished pavement. 

Program: Implementation of Concrete Polymer Research on Repair of De te r io ra ted  
Concrete 

Sponsor : FHWA - Implementation Divis ion 



RAPID PATCHING OF DETERIORATED CONCRETE USING POLYMER CONCRETE 

BNL 24217 

J a c k  J. Fontana, Ronald Webster, and L. E. Kukacka 

Process  Sciences Div i s ion  

The increased u s e  of d e i c i n g  s a l t s  i s  r e s u l t i n g  i n  rap id  d e t e r i o r a t i o n  of 
p o r t l a n d  cement concre te  b r idge  decks.  Corrosion of t h e  r e i n f o r c i n g  s t e e l -  
by t h e  c h l o r i d e s  r e s u l t s  i n  a n  i n c r e a s e  i n  the~~vofume of t h e  s t e e l .  This 
expansion produces s t r e s s e s  i n  t h e  concre te  .which- resu l t  i n  de laq ina t ions  and 
s u r f a c e  s p a l l i n g .  The r e p a i r  of s p a i l s  wi th  convent ional  durab le  patching 
m a t e r i a l s  can only  be made i f  t r a f f i c  .can be d i v e r t e d  from t h e  patched a r e a s  
f o r  s e v e r a l  days. Therefore,  a durab le  patching m a t e r i a l  which w i l l  a l low 
t r a f f i c  t o  be resumed over t h e  r e p a i r e d  a r e a  i n  a f e w  hours is needed. Thrue . 
c r i t e r i a  can be met by t h e , u s e  of polymer .concrete .  

Polymer concre te  (PC) is  a coluposite m a t e r i a l  i n  which t h e  aggregate  i s  
bound togeh te r  i n  a dense mat r ix  wi.thiia; polymeric binder .  The aggregate  is 
mixed w i t h  a monomer mixture  and subsequently cured i n  p lace .  PC combines 
t h e  premix c h a r a c t e r i s t i c s  of por t l and  cement-concrete wi th  high s t r e n g t h ,  
long-term d u r a b i l i t y ,  and s h o r t  c u r e  time. The high e a r l y  s t r e n g t h  of PC is  
s u i t a b l e  f o r  use  i n  t h e  r e p a i r  of highway s t r u c t u r e s  where t r a f f i c  cond i t ions  
a l l o w  c l o s i n g  of t h e  a r e a  f o r  only a few hours.  

Fontana, J. J., Webster, R., and Kukacka, L. E. Rapid Patching o f  . ~ e t e r i o r a t e d  
Concrete Using Polymer Concrete. Presented a t  2nd I n t e r n a t i o n a l  Congress on 
Polymers i n  concre te ,  Aust in ,  Texas, October 25-27, 1978. 

Program: Tmplementatfon of Concrete Polymer Research on Repair  of De te r io ra ted  
Concrete 

Sponsor :  FHWA - Implementation Div i s ion  



RAPID PATCHING OF CONCRETE USING POLYMER CONCRETE 

BNL - 25236 

Ronald P. Webster, Jack  J. Fontana, and L. E .  Kukacka 

Process  Sciences  Div i s ion  

One of t h e  major problems confront ing t h e  highway i n d u s t r y  today i s  t h e  need 
f o r  a r a p i d  r e p a i r  m a t e r i a l  f o r  d e t e r i o r a t e d  concre te  s t r u c t u r e s .  High mairi- 
tenance c o s t s  and t r a f f i c  de lays  have c r e a t e d  t h e  need f o r  a long l a s t i n g ,  
r ap id  s e t t i n g ,  concre te  patching m a t e r i a l .  

The use  of polymer concre te  (PC) a s  a r e p a i r  m a t e r i a l  i s  discussed.  M a t e r i a l s  
used t o  make polymer concre te  composites a r e  desc r ibed ,  as is t h e  procedure 
f o r  p lac ing  polymer concre te  patches .  The placement of polymer concre te  patches  
i n  t h e  f i e l d  by highway maintenance personnel us ing  convent ional  concre te  
mixing equipment and techniques i s  a l s o  descr ibed 

Webster, R. P., Fontana, J., and Kukacka, L. E. Rapid Patching of Concrete 
Using Polymer Concrete. Presented a t  Continuously Reinforced Pavement 
Workchop, New Orlrau.~,  Loufsiana,  February 15-16, 1978. 

i Program: ~ m ~ l e m e n t a t i o n '  of Concrete Polymer. Research on Repair of 
1: De te r io ra ted  Concrete 
1 
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IMPROVEMENT OF WEAR-RESISTANCE PROPERTIES OF NATURAL .AGGREGATES 
BY MATERIALS IMPREGNATION 

BNL - 25396 

Ronald P. Webster and Jack  J. Fontana 

Process Sciences  Div i s ion  

The highway c o n s t r u c t i o n  i n d u s t r y  uses  s e v e r a l  b i l l i o n  tons  of aggregate  
annual ly  i n  t h e  c o n s t r u c t i o n  of highway pavement and b r idge  decks ,  Tn 
t h e  i n t e r e s t  of highway s a f e t y  and maintenance, i t  i s  important t h a t  t h e  
aggregates  used f o r  pavement s u r f a c i ~ ~ g  systems pocEess a high r e s i s t a n c e  
t o  po l i sh ing  a s  w e l l  a s  a h igh r e s i s t a n c e  t o  wear and weathering.  
Unfor tunate ly ,  t h e  supply of n a t u r a l  aggregates  s a t i s f y i n g  t h e s e  c r i t e r i a  
is being r a p i d l y  dep le ted  i n  many a r e a s  of t h e  United S t a t e s ,  necess i -  
t a t i n g  t h e  shipment of l a r g e  q u a n t i t i e s  of h igh q u a l i t y  aggregate  t o  
t h e s e  regions .  

Presented is a d i s c u s s i o n  of t h e  pre l iminary phase of a resea rch  program 
being conducted t o  i n v e s t i g a t e  impregnation m a t e r i a l s  and techniques  
t o  improve t h e  wear r e s i s t a n c e  p r o p e r t i e s  of n a t u r a l  aggrega tes ,  thereby 
making them accep tab le  f o r  use  i n  pavement s u r f a c i n g  systems. Tes t  
r e s u l t s  obta ined dur ing t h i s  phase of t h e  resea rch  program a r e  discussed.  

Webster, R. P. and Fontana, J. J. Improvement of Wear-Resistance P r o p e r t i e s  
of Natural  Aggregates by Mate r ia l s '  Impreglibtion. ~ r ssen te ' c i  a t  t h e  1978 FCP 
Research Review Conference, College Park,  ~ a r ~ l a a d ,  October 3 - 6 ,  1978. 

Program: Improvement of t h e  Wear-Resistance P r o p e r t i e s  6f  
Aggrega.tes by t i a t e r i a l s  Impregnation 

Sponsor: FHWA - Implementation Div i s ion  



DEVELOPMENT OF A GLASS POLYMER COMPOSITE SEWER PIPE FROM WASTE GLASS; PROGRESS 
REPORT NO. 6 ,  OCTOBER-DECEMBER 1977  . . , . : ~  ,. 

BNL - 50790 

L. E. Kukackay J. Fontana, R. Rayf ie l ,  G. Arnold, and B. Ga len '  

Process Sciences  Divis ion 

Large q u a n t i t i e s  of energy can be c 0 n s e r v e d . b ~  recyc l ing  mun5cipal s o l i d  waste. 
Reductions i n  t h e  c o s t s  a s s o c i a t e d  w i t h  waste  d i s p o s a l  such' a s  by l a n d f i l l i n g  
can a l s o  be accrued.  While uses  f o r  recycled f e r r o u s . a n d  non-ferrous metals 
a r e  apparent ,  uses  f o r  t h e  g l a s s  f r a c t i o n  w h i c h . c o n s t i t u t e s  Q 10% of municipal  
s o l i d  waste, have n o t  been developed. A s  a r e s u l t ,  a .program t o  develop methods 
f o r  incorpora t ing  waste  g l a s s  i n t o  composites which can be used f o r  construc- 
t i o n  m a t e r i a l s  was s t a r t e d  i n  J u l y  1976. Since  t h a t  time t h e  p r o p e r t i e s  of 
as-produced. g l a s s  polymer composite (GPC) .sewer p i p e  have been measured., 
d u r a b i l i t y .  t e s t s  s t a r t e d ,  f i e l d  test..ing .of ,  fu l l - s . ca le  specimens i n i t i a t e d ,  and 
c a l c u l a t i o n s  made t o  determine t h e  e S r g y  requirements and c o s t s ;  Work 
accomplished dur ing t h e  period ~ c t o b e r ' l - ~ e c e m b e r  31, 1977: i s  descr ibed i n  t h e  
c u r r e n t  r e p o r t .  

-.b 

BNL Progress  Report, October-December 1977. 

Program: Development of i . ~ l i s s - ~ o l b e r  compbsite ~ & w e r - ~ i ~ e . ' f r o m  waste  
Glass  

Sponsor: nnl? - Off ice  of ~ n d u o t r i a l  Energy 'Ct-justtr"htl6n 



DEVELOPMENT OF A GLASS POLYMER COMPOSITE SEWER PIPE FROM WASTE GLASS, PROGRESS 
REPORT NO. 7 ,  JANUARY-MARCH 1978 

BNL - 50835 

L. E. Kukacka, J. Fontana, R. Rayf ie l ,  G.  Arnold', and B. Galen 

Process  Sciences  Div i s ion  

Large q u a n t i t i e s  of energy can be  conserved by recyc l ing  municipal  s o l i d  
' 

waste .  Reductions i n  t h e  c o s t s  a ssoc ia ted  wi th  waste d i s p o s a l  such a s  by land- 
f i l l i n g  ran a l  sn h~~ ar.r,f ued.  whlle uses f o r  recycled feirutis did  ngk-f t r raua 
meta l s  a r e  apparent ,  uses  f ~ r  t h e  g l a s s  f r a c t i o n  which c o n s t i t u t e s  % 102 of 
municipal  s o l i d , w a s t e ,  have no t  been developed. A s  a r e s u l t ,  a program t o  
develop methods f o r  i n c o r p o r a t l a g  waste g l a s s  i n t o  cornposZtes which can bc 
used f o r  cons t ruc t ion  m a t e r i a l s  was s t a r t e d  i n  J u l y  1976. Since  t h a t  time 
t h e  p r o p e r t i e s  of as-produced g l a s s  polymer co~uposi te  (GPC) sewer p i p e  have 
been measured, d u r a b i l i t y  tests s t a r t e d  and f i e l d  t e s t i n g  of f u l l - s c a l e  
specimens i n i t i a t e d .  Based upon t h e  as-produced p r o p e r t i e s ,  c a l c u l a t i o n s  have 
been made t o  determine t h e  energy requirements and c o s t s .  Work accomplished 
dur ing t h e  per iod January 1-March 31, 1978 i s  descr ibed kn t h e  c u r r e n t  r e p o r t ,  

BNL Progress  Report ,  January-March 1978, 

Program: Development of a Glass-Polymer Composite Sewer P i p e  from Waste 
Class 

Sponsor: DOE - Off ice  of I n d u s t r i a l  Energy Conservation 



DEVELOPMENT OF A GLASS POLYMER COMPOSITE.SEWER PIPE FROM WASTE GLASS, PROGRESS 
REPORT NO. 8 ,  APRIL-JUNE 1978 

BNL - 50886 

L. E. Kukacka, J. Fontana, R. R a y f i e l ,  G. Arnold, and B. Galen 

Process  Sciences  Div i s ion  

Large q u a n t i t i e s  of energy can be conserved by r e c y c l i n g  municipal  s o l i d  
waste.  Reductions i n  t h e  c o s t s  a s s o c i a t e d  w i t h  waste  d i s p o s a l  such a s  by 
l a n d f i l l i n g  can a l s o  be  accrued.  While uses  f o r  r ecyc led  f e r r o u s  and non-ferrous 
meta l s  a r e  apparen t ,  uses  f o r  t h e  g l a s s  f r a c t i o n  which c o n s t i t u t e s  % 10% of 
municipal  s o l i d  waste,  have n o t  been developed. A s  a  r e s u l t ,  a  program t o  
develop methods f o r  incorpora t ing  waste  g l a s s  i n t o  composites which can be  
used f o r  c o n s t r u c t i o n  m a t e r i a l s  was s t a r t e d  i n  J u l y  1976. Since  t h a t  t ime t h e  
p r o p e r t i e s  o f ,  as-produced g l a s s  polymer composite (GPC) sewer p i p e  have been 
measured, d u r a b i l i t y  t e s t s  i n  ho t  water  and s u l f u r i c  a c i d  s t a r t e d ,  and f i e l d  
t e s t i n g  of f u l l - s c a l e  specimens i n i t i a t e d .  Work t o  opt imize  t h e  mix formula- 
t i o n  i s  i n  progress .  Based upon t h e  as-produced p r o p e r t i e s ,  c a l c u l a t i o n s  have 
been.made t o  determine t h e  energy requirements  and c o s t s .  Conservation and 
economic b e n e f i t s  a r e  i n d i c a t e d .  Work accomplished dur ing t h e  pe r iod  
A p r i l  1-June 30, 1978 is  desc r ibed  i n  t h e  c u r r e n t ' r e p o r t .  

BNL progress  Report ,  April-June 1978 

Program: Development of a Glass-Polymer Composite Sewer P i p e  from Waste Glass  

Sponsor: DOE - Off ice  of I n d u s t r i a l  Energy-conservat ion 



REACTION, PROCESS, AND COST ENGINEERING FOR THE FLASH HYDROPYROLYSIS (FHP) 
OF COAL 

BNL - 25232 

Meyer S te inberg ,  P e t e r  Fa l lon ,  Vi-Duong Dang, B. Bha t t ,  E. Ze ig le r ,  and 
Quinton Lee 

Process  Sciences  Divis ion 

The 1 , a t ~ s t  exper imental  d a t a  on t h e  F lash  Hydropyrolysis of North Dakota 
l i g n i t e  i n  t h e  2 l t / h r  encraiucd tubu la r  r e s c t n r  expefimearal  I a c l l l ~ y  arc 
summarized. The range of cond i t ions  i n v e s t i g a t e d  covers  r e a c t o r  p ressures  
fram 500 p s i  t o  4000 p s i , " t e m p e r a t u r e s  from 500° t o  9000C, and. c o a l  p a r t i c l e  
r e s i d e n c e  tides i i i  che reactui from 1 ta 10 oooonds. ' L ~ P  major r l frcts  of 
t h e  p rocess  v a r i a b l e s  on t h e  y i e l d s  of l i q u i d  hydrocarbons c o n s i s t i n g  mainly 
of BTX and heavy o i l s  (> Cg) and hydrocarbon 'gases  c o n s i s t i n g  mainly of methane 
and e thane and smal l  amounts of carbon oxides  a r e  summarized. The product 
f o r  maximum carbon convers ion t o  l i q u i d  was obta ined a t  7 2 5 ' ~  and 2000 p s i  
and amounts t o  10% BTX, 10% o i l s ,  25% methane, 10% ethane,  and 6% CO. A 
maximum gaseous y i e l d  was obta ined a t  8 7 5 O ~  and 2500 p s i  and amounts t o  88% 
methane, 0.5 e thane,  1.3% CO and < 1% BTX. The optimum c o a l  r es idence  t i m e  
i n  t h e  tubu la r  r e a c t o r  f o r  t h e  l i q u i d  c o n d i t i o n  is  % 7 seconds and f o r  gases  
i t  is  % 2 seconds. P o s s i b i l i t i e s  e x i s t  f o r  improving gas e f f l u e n t  composi- 
t i o n s  under dense phase opera t ion . .  A three-s tep r e a c t i o n  model i s  developed 
i n  a n  a t tempt  t o  o b t a i n  genera l i zed  express ions  of t h e  hydrocarbon component 
y i e l d s  a s  a f u n c t i o n  of p ressure ,  temperature and res idence  time. The 
experimental  d a t a  have been f i t t e d  t o  Arrhenius type r a t e  equat ions  taking 
i n t o  accolint fnrmarion and decomposition of major p r o d 1 ~ c . t ~ .  Ac t iva t ion  
~ n ~ , r g i e s  indicate mainly a c h e ~ t ~ i c a l  r e a c t i o n  c o n t r o l l e d  mechanj-sm. The use 
of t h e s e  r a t e  equa t ions  i n  conjunct ion wi th  heat  balance expressions a r c  
desc r ibed  f o r  t h e  des ign  of a hydropyrolys is  r e a c t i o n  v e s s e l .  Addi t ional  
exper imental ,  des ign ,  and a n a l y s i s  work i s  needed t o  o b t a i n  a much more 
d e t a i l e d  unders tanding of t h e  r e a c t o r  engineer ing.  Process des ign  and 
p re l iminary  economic e s t i m a t e s  a r e  made f o r  t h r e e  v e r s i o n s  of t h e  FHP process  
system: (1) pitoddclng only l i q u i d  producta for moLuc gent-11  in^. f u c l ,  (2) 
prnducing both  l i q u i d  and gaseous hydrocarbon products  f o r  motor g a s o l i n e  and 
p i p e l i n e  gas,  and (3) producing only  gaseous p r o d u ~ i s  for p i p e l l u e  gas6 For 
comparable o v e r a l l  v a l u e s  of c o a l  conversions (62%), t h e  minimum c o s t  is 
obta ined f o r  t h e  combined product ion.of  motor gaso l ine  a i ~ d  p i p e l i n e  gas.  
The l a r g e s t  f a c t o r  (% 35%) i n  tha cap i ta l ,  cost of t h e  FHP plant. is the equip- 
ment needed f o r  recyc l ing  and cond i t ion ing  and hydrogen process  gas .  The 
FHP process  has  t h e  advantage of al lowing e f f e c t i v e  gas-solid and gas- l iquid  
s e p a r a t i o n  opera t ions  f o r  producing hydrocarbon products from t h e  unconverted 



char ,  o i l s ,  and process  gas. The FHP.system a l s o  has  t h e  d i s t i n c t  advantage 
of v e r s a t i l i t y  and process  f1 .ex ib i l i ty  f o r  varying t h e  product s l a t e  and t h e  
product ion r a t e  of gaseous and l i q u i d  hydrocarbon f u e l  products  i n  t h e  same 
r e a c t o r  depending on r e a c t o r  opera t ing  condi t ions .  

. .  . 
i . '  , . , 

. '  . 
Steinberg,  M.. ; ,Fallon,  P., Dang, V. ,  zieg1er, E. 'and ~ e & ,  Q. ~ e a d t i o n ' ,  ' 
Process  and .  Cost Engineering f o r  t h e  Flash ~ ~ d r o p ~ r o l ~ s i s  ' .(FHP) of Coal. 
Presented a t  7 1 s ~  Annual Meeeirig o t  ~ m e r i c a n ,  I n s t i t u t e  of chemical Engineers,  

, . 
M i a m i , .  F lo r ida ,  ~ovember  12-16, 1978. :. 4 
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FLASH HYDROPYROLYSIS OF COAL, PROGRESS REPORT NO. 3 ,  JULY 1-SEPTJZMBER 
30, 1977 

BNL - 50779 

Meyer S te inberg  and P e t e r  F a l l o n  

Process  Sciences  Div i s ion  

The program is designed t o  s tudy t h e  process  v a r i a b l e s  and chemistry of t h e  
F l a s h  Hydropyrolysis Process ,  a r a p i d  gas-phase, non-ca ta ly t i c  c o a l  hydro- 
gena t ion  technique developed a t  BNL. The equipment used is  a 1 l b / h r  u n i t  
u t i l i z i n g  a 1 inch  down-flow t u b u l a r  r e a c t o r  designed t o  o p e r a t e  a t  up t o  
4000 p s i  and 800'~.  This equipment has  been i n  opera t ion  f o r  more than a 
year  w i t h  only one ma,ior problem, t h e  r u p t u r e  of t h e  hydrogen p rehea te r .  
M e t a l l u r g i c a l  examination of t h e  a f f e c t e d  a r e a  determined t h e  r u p t u r e  t o  have 
been caused by hydrogen embrit t lement of t h e  Incone l  601 a l l o y  used i n  t h e  
f a b r i c a t i o n  of t h e  p r e h e a t e r .  A replacement p r e h e a t e r  made of Incone l  617 
has  been opera t ing  s u c e s s f u l l y  f o r  more than 100 hours  dur ing t h e  p a s t  year .  

Coal and char  a n a l y s i s  con t inue  t o  be done on a r o u t i n e  b a s i s .  A b o i l i n g  
range determinat ion was made on a sample of t h e  l i q u i d  product .  Approximately 
50% of t h e  l i q u i d  w a s  d i s t i l l e d  up t o  temperatures of 210°C b e f o r e  t h e  condenser 
f i l l e d  w i t h  s o l i d s .  An a n a l y s i s  of t h e  condenser and f l a s k  r e s i d u e s  showed 
them t o  c o n t a i n  small q u a n t i t i e s  of bo th  s u l f u r  and n i t rogen .  A s u l f u r  ana lyzer  
has  been ordered t o  a l low more r a p i d  and f requen t  a n a l y s i s  of t h e  l i q u i d s  
and s o l i d s .  

A11 the d a t a  t o  d a t e  on product y i e l d  a s  a f u n c t i o n  of t q p e r a t u r e  and hydrogen 
p r e s s u r e  i s  c o r r e l a t e d  i n  four  t a b l e s  and p l o t t e d  i n  a s e r i e s  of n i n e  f i g u r e s .  
The t o t a l  l i q u i d  y i e l d s  appear t o  r e a c h  a maximum of approximately 20'); a t  
750°c wi th  only  s l i g h t  i n c r e a s e s  wi th  hydrogen p r e s s u r e s  above 2000 p s i .  
Approximately h a l f  of t h i s  y i e l d  i s  BTX (benzene, to luene,  xy lene) .  The 
e thane  y i e l d  a l s o  appears  t o  maximize between 700 and 750°c bu t  cont inues  t o  
i n c r e a s e  wi th  inc reased  p ressure .  Methane y i e l d s  a r e  shown t o  con t inue  t o  
i n c r e a s e  wi th  both  temperature and hydrogen p ressure .  To ta l  carbon conversion 
dnder t h e s e  c o n d i t i o n s  approximated 60%. 

The p y r o l y s i s  of l i g n i t e  us ing  helium i n  t h e  system shows a f i v e  t o  t e n  f o l d  
decrease  i n  t h e  y i e l d s  of CHq, C2H6, and C6H6 compared t o  f l a s h  hydropyrolys is  
i.inrl~r hyrlrngpn prPssiirP. 

Prel iminary experiments were conducted a t  750° and 800°c t o  determine t h e  
e f f e c t  of c o a l  p a r t i c l e  res idence  t ime on product y i e l d s  and d i s t r i b u t i o n .  



T'he r e s u l t s  i nd i ca t e  t h a t  a 750°c both l i q u i d  and gaseous y i e l d s  increase  
from 45 t o  52% as t h e  residence time is increased by a f a c t o r  of four  from 
2.3 t o  9.2 seconds. However, a t  800 '~  under s imi l a r  condi t ions,  l i t t l e  
change i n  t o t a l  y i e ld  decreases from approximately 4 t o  1% with  a correspond- 
ing increase  i n  gaseous products. 

BNL Progress  Report, Ju ly  1-September 30, 1977. 
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Meyer S te inberg  and P e t e r  F a l l o n  

Process  Sciences  Div i s ion  

The p r i n c i p a l  o b j e c t i v e  of t h i s  program i s  t o  exper imental ly  s tudy t h e  process  
v a r i a b l e s  and chemistry of t h e  F lash  Hydropyrolysis Process ,  a r a p i d  gas-phase, 
non-ca ta ly t i c  c o a l  hydrogenation technique developed a t  RNL f o r  the cnnversion 
t o  gaseous and l i q u i d  f u e l s .  The experimental  equip~nrrlt used f o r  t h i s  purpose 
i s  a h igh ly  instrumented 1-in.  down-flow tubu la r  r e a c t o r  o r i g i n a l l y  designed 
t o  o p e r a t e  a t  up t o  4000 p s i  and 800°C, wi th  c o a l  feed up t o  1 l b l h r .  These 
c o n d i t i o n s  a r e  being extended t o  inc lude  temperatures t o  9 0 0 ~ ~  a t  p ressures  2 
2500 p s i  and c o a l  f eed  t o  2 l b s / h r .  The equipment has  been operated f o r  more 
than a year  w i t h  only one major problem, t h e  f a i l u r e  of t h e  o r i g i n a l  e l e c t r i c  
r e s i s t a n c e  hydrogen p rehea te r .  This has  been replaced wi th  one f a b r i c a t e d  
from a s u p e r i o r  a l l o y .  

Coal and char a n a l y s i s  a r e  cont inuing t o  be performed on a r o u t i n e  b a s i s .  The 
water  produced i n  t h e  hydrogenation r e a c t i o n  and c o l l e c t e d  wi th  t h e  l i q u i d  
hydrocarbon product i s  being s tud ied  f o r  such components a s  phenols and ammonia 
i n  o rder  t o  f u r t h e r  c l o s e  t h e  m a t e r i a l  balances .  The p o s s i b i l i t y  of phenols 
i n  t h e  aqueous phase has  become of p a r t i c u l a r  i n t e r e s t  s i n c e  i n  two ana lyses  
performed by o t h e r  l a b o r a t o r i e s  on t h e  c o l l e c t e d  l i q u i d  hydrocarbons produced, 
phenols were repor ted  by one and no t  t h e  o t h e r .  

A second d i s t i l l a t i o n  curve was performed on t h e  t o t a l  organic  l i q u i d  product,  
t h i s  t ime extending t h e  d i s t i l l a t i o n  temperature range t o  3500C. The r e s u l t s  
were s i m i l a r  t o  t h e  f i r s t  curve i n d i c a t i n g  t h a t  t h e  l i q u i d  con ta ins  approximately 
50% BTX (benzene, to luene ,  xylene) and 50% heav ie r  hydrocarbons. A s u l f u r  
ana lyzer  has been rece ived ,  assembled and t e s t e d  and found t o  be reproduc ib le  

, t o  w i t h i n  + 1.2% f o r  a n a l y s i s  of s u l f u r  i n  c o a l ,  coke and char .  

Attempts t o  o p e r a t e  t h e  experimental  equipment a t  i t s  maximum design p ressure ,  
4000 p s i ,  dur ing t h i s  q u a r t e r  has  had l i m i t e d  success .  Most of t h e  prnbl.ems 
w e r e  a s s o c i a t e d  wi th  l e a k s  i n  t h e  process  gas sampling t aps ,  r e q u i r i n g  some 
modi f ica t ions  t o  t h i s  system. 

A major p o r t i o n  of t h e  experimental  e f f o r t  was devoted t o  t h e  s tudy of t h e  
e f f e c t  of c o a l  p a r t i c l e  res idence  time. I n  some c a s e s ,  t h e  t o t a l  hydrocarbon 
y i e l d s  were observed t o  decrease  wi th  increased res idence  time and i n  most 



cases ,  t h e  carbon monoxide increased wi th  inc reas ing  res idence  time. The 
reduc t ion  i n  hydrocarbon y i e l d  occurred i n  d i f f e r e n t  runs  conducted a t  low 
pressure  (500 p s i )  and i n  runs  conducted a t  temperatures of 5 800'~. A t  500 
p s i  a s  much a s  a 40% reduc t ion  f n  methane was observed a s  t h z  res idence  time 
increased from approximately 1 t o  4.5 seconds. A l o s s  i n  hydrocarbon y i e l d  
could only be  caused by t h e  products e i t h e r  coking o r  forming a product such 
a s  t h e  heavier  l i q u i d  hydrocarbons (> C ) which a r e  no t  measured by t h e  on- l ine  
chromatograph. - 9 

A number of exp lora to ry  runs  were a l s o  conducted inc lud ing  t h e  use  of a B a t t e l l e  
Treated Coal (BTCrcaking c o a l  t r e a t e d  wi th  CaO), a New Mexico sub-bituminous 
c o a l ,  a mixture  of l i g n i t e  and l i g n i t e  char  and a l i g n i t e  impregnated wi th  i r o n .  
The BTC r a n  w e l l  i n  t h e  r e a c t o r  w i t h  no caking and g ives  a t o t a l  hydrocarbon 
y i e l d  of 51% with  20% l i q u i d s  based on conversion of t h e  carbon feed.  Although 
t h e  sub-bituminous c o a l  produced a t o t a l  hydrocarbon y i e l d  of only 41.8% wi th  
13.7% l i q u i d s ,  t h e  experimental  cond i t ions  used were those  found to' g ive  
s u b s t a n t i a l  y i e l d s  f o r  l i g n i t e  and may n o t  be i d e a l  f o r  sub-bituminous. The 
l i g n i t e - c h a r  mix ture 'gave  improved r e s u l t s ,  12.2% BTX and a t o t a l  hydrocarbqn 
y i e l d  of 64.6%.. These r e s u l t s  were c a l c u l a t e d  on t h e  carbon i n  t h e  f r e s h  
c o a l  feed and some of t h e  y i e l d s  could have o r i k i n a t e d  from unreacted p o r t i o n s  
of t h e  char .  The r e s u l t  of s i g n i f i c a n c e  f o r  t h e  experiment us ing i ron-was 
a 61% i n c r e a s e  i n  BTX y i e l d  (from 7.6% t o  12.2% carbon convers ion) ,  an 80% 
i n c r e a s e  i n  e thane y i e l d  (from 5.5% t o  9.9%) and a 49% decrease  i n  l i g h t  o i l s .  
These r e s u l t s  need r e p e t i t i o n  f o r  confirmation.  

BNL Progress  Report, 0ctober  1-~ecember 31, 1977. 
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Process  Sciences  Divison 

The exper imental  equipment and on-1ine .process  gas  chromatograph cont inue t o  
o p e r a t e  wi th  increased r e l d a b i l i t y  and s a t i s f a c t i o n .  It is a n t i c i p a t e d  thae 
t h e  p r e s e n t  e x p e r b e n t a l  program uE approximately t h r e e  r u n s  per  week w i l l  h e  
expanded t o  approximately four r u n s  per week. The d r t e m i n a t i n n  and ideilL1- 
f i r ~ t i o n  of  tlir heavi~r l i q u i d  h y d a u c a ~ b ~ n s  (> C j is progress ing  a l though a - 9 s a t l s t a c t o r y  on- l ine  mcthod of measurement has  y e t  t o  be  developed. A number 
o f . l i q u i d  samples from experiments us ing  l i g n i t e  and sub-bituminous c o a l  p l u s  
0n.e us ing  a t r e a t e d  bituminous c o a l  have been examined. General ly ,  i t  is  
found t h a t  t h o s e  l i q u i d s  produced a t  t h e  h lgher  r e a c t o r  temperatures c o n t a i n  
cons iderab ly  more BTX than' heavier  hydrocarbon (> C ) al though t h e  o v e r a l l  

9 y i e l d  of l i q u i d s  t ends  t o  decrease  r a p i d l y  st t h e s e  h tgher  temperatures 
(> 7 7 5 O ~ ) .  

Ni t rogen balances  a r e  now.being made on s e l e c t e d  runs ,  The r e s u l t s  show a s  
much a s  50% remains i n  t h e  char ,  25 t o  30% appears  i n  t h e  gas and t h e  
remainder is  conta ined i n  t h e  water  produced a s  ammonia. Su l fu r  balances  
con t inue  t o  be  a problem partly due t o  t h e  inadequate performance of an  
ins t rument  purchased f o r  t h i s  purpose. 

Experiments conducted a t  2000 p s i  and 2500 p s i  hydrogen p r e s s u r e  us ing  l i g n i t e ,  
w i t h  and wi thout  p rehea t ing  t h e  hydrogen t o  r e a c t o r  t e m p e r ~ l t ~ . ~ r e  and a t  r e a c t o r  
temperatures  between 725' and 900°C. shnw a very  s i g r l l f i c a n t  e f f e c t  of product 
and cnal p a r t i c l e  residence time on both product y i e l d  and d i s t r i b u t i o n .  Even 
at  a  temperature as low as f50°c,  some decomposit ion of t h e  BTX product was 
observed a s  t h e  r e s i d e n c e  t ime i n  t h e  r e a c t o r  exceeded approximately 7 seconds. 
A s  - the  r e a c t o r  temperature  inc reased ,  t h e  degree  and r a t e  of BTX decomposition 
inc reased .  The maximum BTX y i e l d  was approximately t h e  same (: 9%). whether 
t h e  hydrogen was preheated o r  no t .  The e thane  yie lds ,  f o r  the Eamc series of 
experiments were 01iglll.ly g r e a t e r  thaii t h e  BTX y i e l d s  and followed t h e  same 
etend except they were more s t a b l e  wi th  1,ess dooompasi~iun.  

S i g n i f i c a n t  decomposition of t h e  methane was no t  observed u n t i l  r e a c t o r  temp- 
e r a t u r e s  of 850° t o  875OC were reached. A t  875OC and aholrc whcn t h ~  l i~drogen 
w a s  n o t  preheated,  a s  much As 4 Lo 63 of the  methane was l o s t  by decomposition 
as  he r e s i d e n c e  t ime was increased from approximately 5 seconds t o  10 seconds. 



A few s imi l a r  experiments using a sub-bituminious coa l  and preheated hydrogen 
were a l s o  conducted. The r e s u l t s  fol low c lose ly  those of t he  l i g n i t e  except 
f o r  a l a r g e  increase  (2 20%) i n  t he  ethane y i e ld s .  

Some of t he  experimental da t a  was f i t t e d  t o  two mathematical expressions,  one 
empir ical  and the  o ther  developed from t h e  k i n e t i c s  of the  system and the 
process va r i ab l e s .  The empir ical  expression was developed from the  t o t a l  
conversion recorded f o r  t he  f i r s t  62 experimental runs,  and a s ide  from approxi- 
mately 6 po in ts ,  t he  f i t  appears t o  be a s  good a s  t he  second expression. This 
expression was obtained from 32 .da ta  po in t s  taken from 8 experimental runs 
conducted a t  2500 p s i  and between the  temperatures of 725' and 900°c. The 
co r r e l a t i on  coe f f i c i en t  was 0.92 ind ica t ing  exce l len t  agreement with the  
experimental da ta .  

BNL Progress Report, ~anuar~-  arch 31, 1978. 
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During t h i s  r e p o r t  pe r iod ,  t h i r t y  experimental  runs  were conducted 
between pressures  of 500 and 2500 p s i g  and temperatures of 850' and 9 0 0 ~ ~  
f o r  t h e  purpose of s tudy ing  t h e  product ion of gaseous hydrocarbons from 
l i g n i t e .  Yields  a s  h igh as YUZ convers ion ok t h e  a v a i l a b l e  carbon t o  
methane and e thane have been observed a t  2500 p s i g  and 8 7 5 " ~ ,  wi th  only 
1 .5% of t h e  carbon appear ing as CO and t h e  remainder a s  char .  It was 
observed t h a t  s i g n i f i c a n t  decomposition of t h e  gaseous hydrocarbon 
products  occurred as t h e  c o a l  r es idence  t ime i n  t h e  r e a c t o r  increased 
from t h e  maximum y i e l d s  a t  2.4 s e c  t o  7 seconds. 

Hydrogen p ressure  was shown t o  have a s i g n i f i c a n t  e f f e c t  on t h e  
product ion of t h e  gaseous hydrocarbons a t  875-900°c, t h e  y i e l d  inc reas ing  
l i n e a r l y  a t  a r a t e  of 18% i n  a b s o l u t e  convers ion of t h e  a v a i l a b l e  carbon 
f o r  each 500 p s i  i n c r e a s e  i n  p ressure .  

D i r e c t  measurement of c o a l  p a r t i c l e  res idence  t i m e s  a r e  now poss ib le .  
I n i t i a l  comparison of t h e  f i r s t  f i v e  runs  i n  which a c c u r a t e  measurements 
were made shows t h e  c a l c u l a t e d  v a l u e  t o  be w i t h i n  26% of t h e  measured 
v a l u e  and i n  some c a s e s  t o  be i n  very good agreement. 

A comparison was made of t h e  c o a l  hydrogenation d a t a  from IGT (The 
I n s t i t u t e  of Gas Technology), CSRD ( C i t i e s  Serv ice  Research and Development 
Company), PERC (The P i t t s b u r g h  Energy Research Center,  and BNL. Both 
t h e  IGT and CSRD d a t a  were from c o a l  l i q u e f a c t i o n  s t u d i e s  whi le  PERC d a t a  
concen t ra tes  on c o a l  g a s i f i c a t i o n .  I n  comparing t h e  l i q u e f a c t i o n  d a t a ,  
t h e  BNL r e s u l t s  appears  t o  g ive  s l i g h t l y  b e t t e r  l i q u i d  y i e l d s  under s i m i l a r  
c o n d i t i o n s  than  e i t h e r  IGT o r  CSRD. A t  t h e  same condit ions. ,  the'BNL d a t a  
a l s o  show s l i g h t l y  g r e a t e r  gaseous y i e l d s  than IGT and about t h e  same 
gaseous y i e l d s  a s  CSRD. 

S ince  t h e  cond i t ions  of hydrogen t o  c o a l  feed r a t i o  was considerably  
d i f f c r c n t  f o r  t h e  EPTL and PERC d a t a ,  a d i r o a t  aomparicon wac n o t  p ~ E E i b l 4 .  
By c o r r e l a t i n g  t h e  d a t a  from both  groups,  i t  was shown t h e  gaseous hydro- 
carbon y i e l d  t o  be a f u n c t i o n  of t h e  hydrogen t o  c o a l  feed r a t i o  t o  t h e  
o n e - f i f t h  power. It was a l s o  shown t h a t  a t  even t h e  lowest  r a t i o  (most 
concentra ted gas stream) t h e  methane concen t ra t ion  is  no t  more than 75% of 
t h e  equ i l ib r ium v a l u e  ( f o r  t h e  r e a c t i o n  C+2H2=CH ) and t h e r e f o r e ,  t h e  
r e a c t i o n  i s  n o t  being equ i l ib r ium l i m i t e d .  

4 



I n  o rder  t o  opera te  t h e  experimental  equipment i n ,  a r eg ion  of temperature 
and p r e s s u r e  needed t o  s tudy  t h e  formation of gaseous hydrocarbons mainly, 
theoexperimental  l i m i t s  o fo the  r e a c t o r  were changed from 4000 p s i g  and 
800 C t o  2500 p s i g  and 900 C. . B o t h  t h e s e  l i m i t s  are w i t h i n  t h e  10,000 
hour l i f e  expectancy of t h e  Inconel  617 m a t e r i a l  of t h e  r e a c t o r  tube.  

BNL Progress  Report, A p r i l  1-June 30, 1978. 
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FLUIDIZED-BED COMBUSTION OF COAL WITH LIME ADDITIVES. KINETICS AND MECHANISM 
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James M. Chen and Ralph T. Yang 

Process  Sciences  Div i s ion  

The apparent sol id ' sol id  r e a c t i o n  between CaS and CaSO is  t h e  r a t e - c o n t r o l l i n g  1 r e a c t i o n  i n  t h e  l ime  sorben t  regenera t ion  f o r  f l u i d i z e  -bed combustion of c o a l ,  
as we1 1 as i n  some o t h e r  inpoe tan t  indusLrlal p~ucesses sueh nu tho ~ u l f u r i c  
acid-cement p rocess .  A two-step mechanisl~l f o r  t h i s  r e a c t i o n  involving SOg was 
determined. The r a t e - c o n t r o l l i n g  s t e p  i n  t h e  mechanism is  t h e  decomposition 
nf !:as04 co form CaO 30.4. K i n e t i c s  and r a t e  express ions  are e s t a b l i s h e d  
f o r  t h e  o v e r a l l  r e a c t i o n  and t h e  s e p a r a t e  s t e p s .  Resu l t s  a r e  a l s o  p r e s c n ~ r d  
f o r  t h e  k i n e t i c s  and t h e  thermodynamics of a l l  t h e  p o s s i b l e  r e a c t i o n s  under 
t h e  c o n d i t i o n s  of t h e  aforementioned processes .  

Chen, J. M. and Yang, R. T. Fluidized-Bed Combustion uL Cual wich Lime 
Addi t ives .  K i n e t i c s  and Mechanism of Regeneration of t h e  Lime Sorbent. Ind. 
Eng. Chem. Fundamentals ( i n  p r e s s ) .  
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REACTION 
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Ralph T. Yang and Ming-Shing Shen 
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By reac t ing  physical ly  separated CaS and CaS04 d iscs ,  d i r e c t  evidence was 
provided f o r  the  exis tence of gaseous intermediates i n  the  CaS-CaS04'reaction. 
Reaction product analyses fu r the r  showed t h a t  the.gaseous intermediates a r e  
l i k e l y  supplied by the CaS04 decomposition. 

Shen, M. and Yang, R. T. Direct Evidence f o r  the  Existence of Gaseous 
Intermediates i n  the  CaS-CaSOL Reaction. AIChE Journal R&D Notes ( i n  press) .  
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CATALYTIC FLUIDIZED-BED COMBUSTION OF COAL. ENHANCEMENT OF SULFATION AND 
REGENERATION OF CALCIUM OXIDE BY IRON OXIDE 

BNL - 24653 

Ralph T. Yang and Ming-Shing Shen 

Process  Sciences Div i s ion  

A small amount of i r o n  ox ide  coated on t h e  s u r f a c e  of l imestone s u b s t a n t i a l l y  
i n c r e a s e s  both t h e  r a t e  and t h e  u l t i m a t e  raliari,I=y .for SO2 corp t ion .  The .iron 
ox ide  a l s o  c a t a l y z e s  t h e  r e d u c t i v e  regenera t ion  r e a c t i o n  of t h e  so rben t  from 
t h e  s u l f a t e d  calcium oxide.  Evidence is  presented which shows t h a t  such 
c a t a l y t i c  e f f e c t s  a r e  chemical  i n  n a t u r e ,  r a t h e r  than d u e  t o  pore  enlargcmcnt. 
F l u i d i z a t i o n  t e s t s  a t  900°c showed t h a t  no added a t t r i t i o n  of t h e  so rben t  
p a r t i c l e s  was caused by t h e  coated i r o n  oxide.  P r a c t i r . a l  a s p e c t s  of appl ica-  
t i o n  of t h e  c a t a l y t i c  e f f e c t s  t o  f lu idized-bed combustion of c o a l  t o  improve 
t h e  s u l f u r  r e t e n t i o n  e f f i c i e n c y  and lime requirement f o r  both  once-through 
and r e g e n e r a t i v e  systems a r e  discussed.  

Yang, K. T. and Shen, M. C a t a l y t i c  Fluidized-hed Cnmh~~sti.on of Coal. Enhancc- 
menr of S u l f a t i o n  and Regeneration of Calcium Oxide by I r o n  Oxide. Ind. Eng. 
Chem. Proc. Des. Dev. (submit ted) .  
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KINETICS OF DESULPURIZATION OF HOT FUEL GAS W I T H  CALCIUM OXIDE. REACTION. 
BETWEEN COS AND CaO 

BNL - 24716 

Ralph T. Yang and James M. Chen 

Process  Sciences Divis ion 

Rates of s o r p t i o n  of COS by CaO were measured i n  t h e  temperature range of 500° 
t o  9 0 0 ~ ~  a t  a  t o t a l  p r e s s u r e  of 1 atm. The CaO sample was a reagent-grade 
f i n e  powder wi th  p a r t i c l e  s i z e  of 1-5 )1. The o v e r a l l  r a t e s  i n  t h e  temperature 
range of 600 t o  900°C were c o r r e l a t e d  s a t i s f a c t o r i l y  wi th  t h e  g r a i n  model (with 
a  shape f a c t o r  of 1.5) where chemical r e a c t i o n  was t h e  r a t e - l i m i t i n g  s t e p .  
The c o r r e l a t i o n  wi th  t h e  g r a i n  model was a l s o  supported by t h e  SEN observa t ion  
of t h e  phys ica l  s t r u c t u r e  of t h e  C a O  p a r t i c l e s .  Using t h e  i n i t i a l  r a t e s  a s  
t h e  s u r f a c e  chemical r a t e s ,  t h e  temperature and concen t ra t ion  dependencies 
were determined and a  r a t e  express ion was der ived.  The r a t e  of s o r p t i o n  of 
COS by CaO was s l i g h t l y  higher  than t h a t  of H2S, us ing t h e  l i t e r a t u r e  d a t a  on 
t h e  H2S s o r p t i o n .  S i g n i f i c a n t  s o r p t i o n  of COS takes  p l a c e  p a r a l l e l  t o  t h e  
s o r p t i o n  of H2S i n  t h e  c o a l  g a s i f i c a t i o n  processes  i n  which l ime is  used. 

Yang, R. T. and Chen, J. M. K i n e t i c s  of ' ~ e s u l f u r i z a t i o n  of Hot h e 1  G a s  w i t h  
Calcium Oxide. Reaction Between COS and CaO.  Env. Sc i .  Tech. ( i n  p ress ) .  
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MODELLING AND KINETIC STUDIES OF A ROTARY KILN REACTOR: REGENERATION OF 
SORBENT FOR FLUIDIZED-BED COMBUSTION 

BNL - 24731 

James M. Chen and Ming-Shing Shen 

Process  Sciences  Div i s ion  

A k i n e t i c  s tudy has  been performed of t h e  apparent  s o l i d - s o l i d  r e a c t i o n  between 
CaS and CaS04 wi th  a r o t a r y  k i l n  r e a c t o r .  , The experfmental  cond i t ions  were 
w i t h i n  t h e  range f o r  regenera t ion  of t h e  lime-based ~ n r l r r n t s  f o r  flulllized-hed 
combtlstion, A ~ R I - h e m u t i c a l  ~uude2 has bean dcrivell for t h e  r o t a r y  k i l n  r e a c t o r .  
T?e model i ~ . ~ L u r r e l a t e s  the  SO2 concen t ra t ion ,  a s  a f u n c t i o n  of d i s t a n c e  and 
t i m e ,  w i t h  t h e  major opera t ing  v a r i a b l e s  of t h e  r e a c t o r  such a s  s o l i d  loading,  
temperature,  gas  f low r a t e ,  e t c .  A g e n e r a l  f i r s t - o r d e r  r a t e  express ion was 
used i n  t h e  d e r i v a t i o n .  The t h e o r e t i c a l  va lues  of t h e  SO2 concen t ra t ion  
compared favorably  wi th  t h e  experimental  va lues ,  w i t h  t h e  above t h r e e  f a c t o r s  
a s . t h e  independent v a r i a b l e s .  The k i n e t i c  parameters of t h e  chemical r e a c t i o n  
e x t r a c t e d  from t h e  d a t a  obta ined wi th  t h e  k i l n  r e a c t o r  a l s o  compared favorably  
w i t h  those  obta ined d i r e c t l y  and independently w i t h  a fixed-bed thermogravi- 
m e t r i c  r e a c t o r .  

Chen, J. M. and Yang, R. T. Modelling and Kine t i c  S tud ies  of a Rotary Ki ln  
Reactor:  Segenerat ion of Sorbent f o r  Fluidized-Bed Comhisstion, C h ~ t u .  Eng. 
Sci .  ( s u b n i t t e a )  , 
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CALCIUM SILICATES - A NEW CLASS OF HIGHLY REGENERATIVE SORBENTS FOR HOT GAS 
DESULRTRIZATION 

BNL - 24785 

Ralph T. Yang and Ming-Shing Shen 

Process Sciences Division 

A study has been conducted on the utilization of calcium silicates and the 
Si02-supported lime as regenerative sorbents for desulfurization of hot 
combustion gases. Except for y-Ca2SiOq and Ca3SiOg, all the calcium silicates 
and the Si02-supported CaO are equally or more reactive than CaO, and the 
regeneration rates of these sorbents are substantially higher than that of 
CaO . 

Yang, R. T. and Shen, M, Calcium Silicates - A New Class of Hlghly Regellera- 
tive Sorbents for Hot Gas Desulfurization. AIChE Journal (submitted). 
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REGENERATIVE PROCESS FOR DESULFURIZATION OF HIGH TEMPERATURE COMBUSTION 
AND FUEL GASES, PROGRESS REPORT NO. 7 ,  OCTOBER 1-DECEMBER 31, 1977 

BNL - 50809 

R. T. Yang, A. S. Albanese, J. M. Chen, G. Farber ,  F. B. Kainz, J. Pruzansky, 
M-S. Shen, and M. S te inberg  

Process  Sciences Div i s ion  

A method of p r e t r e a t i n g  limestolie f o r  enhancement of i t s  u t i l i z a t i o n  i n  
f luidized-bed combustion h a s  been found and .i s: undol: f u r t h e r  clevelupment . 'I 'he 
metl~od entai'ls spraying of the stulle with an aqueous s o i u t i o n  of !?eU/l?e* 
S03'T/S04" before  i t  i s  f e d  t o  t h e  combustor. One percent  of i r o n  coated on 
t h e  s t o n e  approximately doubles t h e  r a t e  of SO2 s o r p t i o n .  Pe203 n o t  only 
c a t a l y z e s  t h e  r a t e ,  b u t  a l s o  enhances t h e  s o r p t i o n  capac i ty  of t h e  s tone .  

The Brookhaven Regenerative Process ,  i.e., regenera t ing  l i m e  from s u l f a t e  w i t h  
c o a l  a s h  i n  a ki ln- type r e a c t o r ,  i s  under f u r t h e r  development. The r e s u l t s  
con t inue  t o  show t h a t  a temperature of 1000°C is  f e a s i b l e  f o r  regenera t ion  a s  
compared wi th  t h e  temperature  of 1 1 0 0 ~ ~  which is  requ i red  by t h e  f lu idized-bed 
processes .  

\. 
A commercial high-temperature i n s u l a t i o n  product contdining p r i m a r i l y  CaSi03 
has  been t e s t e d  f o r  SO2 s o r p t i o n .  The r a t e  and capac i ty  were both higher  than 
t h o s e  of t h e  reagent-grade CaSi03 a l though t h e  reason  f o r  t h i s  e f f e c t  i s  n o t  
e s t a h l  i shed. 

The mechanisms of t h e  b a s i c  and common r e a c t i o n s  taking p l a c e  i n  t h e  regenera- 
t i o n  systems are being s t u d i e d .  It has  been shown t h a t  gaseous i n t e m e d i a t e s  
do wrist I n  t h e  r e a c t i o n  system: CaS + 3CaSf14 i- 4Ca0 + 4E02. Evidence has 
been gathered t o  show t h e  occurrence of s e v e r a l  o t h e r  r e a c t i o n s  between CaS 
and SO2 and between CaO and SO2 under t h e  cond i t ions  comon t o  t h e  regenera- 
t i o n  systems. 

Coal a s h  has been found as a good binder  t o  p e l l e t i z e  f ine -s ized  sorben t s .  
The i r o n  oxide  i n  t h e  a s h  a l s o  a c t s  a s  a c a t a l y s t  f o r  SO2 sorp t ion .  The good 
binding p roper ty  is a t t r i b u t e d  t o  t h e  Si02 i n  the ash.& Pina CoC03 pelletized 
w i t h  c o a l  ash  showed t h e  c a t a l y t i c  e f f e c t s .  This method was sugges ted . to  and 
a p p l i e d  by. Exxon i n v e s t i g a t o r s  f o r  p e l l e t i z i n g  c a l c i w  aluminates c m o n t  powder 
wi th  very good r e s u 1 . t ~ .  

Two conceptual  AFBC process  f low.diagrams and corresponding-mass and energy 
ba lances  have been prepared.  One flow s h e e t  d e p l c t s  a once through sorben t  
system (System I); t h e  o t h e r ,  a regenera t ive  system c o n s i s t i n g  p r i m a r i l y  of 



a n  AFBC, a regenera to r ,  and a s u l f u r i c  a c i d  p l a n t  (.System 11). A process  
comparison of t h e  two systems and a rough a n a l y s i s  'of s u l f u r i c  a c i d  b r k e t  . .  
p o t e n t i a l  a r e  a l s o  presented.  

BNL Progress  Report ,  October 1-December 31, 1977. 
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REGENERATIVE PROCESS FOR DESULmTRIZATION OF HIGH TEMPERATURE COMBUSTION AND 
FUEL GASES, QUARTERLY PROGRESS REPORT NO. 8 ,  JANUARY 1-MARCH 31, 1978 

BNL - 50866 

R. T. Yang, A. S. Albanese, J. M. Chen, G. Farber ,  F. B. Kainz, J. Pruzansky, 
M-S. Shen, C.  L. Steen,  and M. S te inberg  

Process  Sciences  Div i s ion  

A high ly  r e a c t i v e  0-dical.ciiim s i l i c s t c  powcr s amp le  has been acquired from 
Professor  D. Roy of Pennsylvania S t a t e  Univers i ty .  The sample was prepared 
by t h e  Roy Evaporative Decomposition of So lu t ion  (EDS) process .  We w i l l  use  
i t  i n  conjunct ion w i t h  our ash-binder p e l l e t i z i n g  technique t o  form a h igh ly  
regenerab le  and r e a c t i v e  so rben t  f o r  f l u i d i z e d  bed combustion. Other techniques 
f o r  forming r e a c t i v e  s i l i c a t e s  a r e  a l s o  being s tud ied .  

S impl i f i ed  mathematical  models have been developed f o r  k i l n  regenera t ion  based 
on t h e  d a t a  w i t h  a smal l  q u a r t z  r o t a r y  k i l n  r e a c t o r .  The model provides  b e t t e r  
unders tanding f u r  scale-up of t h e  promising Brookhaven K i l n  Regeneration Process .  

The Fez03 ca ta lyzed  s u l f a t i o n  and regenera t ion  process  has  been f u r t h e r  s tud ied  
w i t h  a smal l  q u a r t z  f lu idized-bed s u l f a t o r  and a smal l  r o t a r y  k i l n  regenerator .  
Ten su l fa t ion- regenera t ion  c y c l e s  w i l l  be completed w i t h i n  t h e  nex t  r e p o r t i n g  
q u a r t e r .  Af te r  completion of t h e  c y c l i c  experiments,  w e  w i l l  make recommenda- 
t i o n s  f o r  f i e l d  t e s t i n g ,  i . e . ,  t e s t i n g  i n  one of t h e  DOE p i l o t  f l u i d i z e d  bed 
combustors and regenprators. 

The r e a c t i v i t y  of a recons t ruc ted  CaS04 is  indeed h igher  than t h e  o r i g i n a l  
sample. The recons t ruc ted  sample was mada v i a  the p r ~ c e d u r . ~ :  

rzd . oxid.  CaS04 CaS -t CaS04. 

We p l a n  t o  f u r t h e r  understand the  morphological and s t r u c t u r a l  changes taking 
p l a c e  i n  t h e  process .  

A d e t a i l e d  a n a l y s i s  and a review O f  t h ~  high tampcratur t  Ca304 regenera- 
mechanism were made. A l l  p o s s i b l e  r e a c t i o n s  i n  t h e  system were taken i n t o  
account .  Rates of t h e  more important ( rap id )  n n p  were mcaoured. ExlsLence 
01 a gaseous i n t e r m e d i a t e  indeed was a s c e r t a i n e d  and s o m e  mechanisms werc 
prsposcd.  l lnders~anding  of t h e  mechanism w i l l  be u s e f u l  i n  improving a l l  t h e  
r e g e n e r a t i o n  processes  being developed. 



K i n e t i c s  of t h e  rap id  r e a c t i o n  between CaO and SO3 a r e  being s tud ied  and 
t h e  work w i l l  be completed s h o r t l y .  This is p a r t  of our e f f o r t  t o  understand 
t h e  mechanism both i n  s u l f a t i o n  and regenera t ion .  

A good a t tempt  has  been made t o  u s e  ZnO a s  a regenerab le  so rben t  f o r  h o t  
f u e l  gas  d e s u l f u r i z a t i o n .  The evaporat ion r a t e  of t h e  so rben t  i n  a reducing 
atmosphere i s , t o o  high f o r  t h i s  sorbent  t o  be of p r a c t i c a l  use .  

BNL Quar te r ly  Progress  Report, January 1-March 31, 1978. 
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REGENERATIVE PROCESS FOR DESULFURIZATION OF HIGH TEMPERATURE COMBUSTION AND 
FUEL GASES, QUARTERLY PROGRESS REPORT NO. 9,  APRIL 1-JUNE 30, 1978 

BNL - 50891 

Ralph T. Yang, A. S. Albanese, J. M. Chen, G. Farber ,  F. B. Kainz, J. Pruzansky, 
M-S. Shen, and M. S te inberg 

Process  Sciences Div i s ion  

K i n e t i c  s t u d i e s  were performed on s u l f a t i o n  and regenera t ion  of two CaSiO 
3 

samples, two B-Ca2Sf04 samples. a y-Ca3Si,n4 and  a Ca-~Si0., samplo., Exaopt f o r  
t h e  last  two sampJ>es, t h e  s i l i c a t e s  showed h ighcr  o v e r a l l  r a t e s  and, more 
important ,  h igher  c a p a c i t i e s  f o r  s u l f a t i o n ,  a s  compared wi th  CaO on a molar 
b a s i s .  

The r a t e s  of r egenera t ion  of t h e  s i l i c a t e s  were much higher  than  t.hat of CaO. 
More s p e c i f i c a l l y ,  t h e  r a t e s  of thermal decomposition of t h e  s u l f a t e d  mono- 
and d i c a l c i u ~ n  s i l i c a t e s  were about 15 t imes higher  than t h a t  of t h e  CaS04 which 
i n d i c a t e d  t h e  r e l a t i v e  bond s t r e n g t h s  between SO3 and t h e  so rben t s .  I 

X-ray d i f f r a c t i o n  and i n f r a r e d  ana lyses  of t h e  r e a c t i o n  products  showed t h a t :  
(1) Si02 and SO4 a r e  both  chemically bonded t o  Ca i n  t h e  s u l f a t e d  CaSi03, (2) 
Si02 i s  n o t  chemically bonded t o  CaS04 i n  t h e  s u l f a t e d  Ca2Si04 and (3) t h e  
c r y s t a l l i n e  s t r u c t u r e s  of bo th  CaSi03 and CaSi04 a r e  r e s t o r e d  upon regenera t ion  
of t h e  s u l f g t e d  s i l i c a t e s .  

S u l f a t i o n  r a t e s  of CaSi03 and Ca2SiOq a r e  f i r s t  o rder  wi th  r e s p e c t  t o  SO2 only 
f o r  PSnZ < .:000 ppm of 1 atm. The act ivat ion ane.rg;.es f o r  sul . fa t inn ara, i n  
t h e  l n c  e a s  ng o rder  of t h e  amorint of SiO2, 3.7 k c a l  (CaO) , 5.4 k c a l  (Ca2SiOq) 
and 6.9 k c a l  (CaG1O3) . 
Rates of s u l f a t i o n  and regenera t ion  were measured f o r  t h e  Si02-supported CaO. 
CaO was p r e c i p i t a t e d  on a high s u r f a c e  a r e a  g ranu la r  Si02 from aqueous solu- 
t i o n s  of calcium s a l t s  followed by a h e a t  t rea tment .  Compared w i t h  t h e  A1203- 
supported CaO, which were actual.3.y calcium al l~rninates  on t h e  ~ u r f a c c  of A1203, 
t h e  s u l f a t i o n  r a t e s  were about t h e  same b u t  t h e  regenera t ion  r a t e s  were d e f i n i t e l y  
h igher  f o r  t h e  Si02- supported samp1.e. 

A k i n e t i c  s tudy has  been performed on t h e  apparent  so l id - so l id  r e a c t i o n  between 
CaS and CaS04 w i t h  a r o t a r y  kiln r e a c t o r .  The experimental  condi t ion3 are with in  
t h e  range f o r  regenera t ion  of t h e  lime-based sorben t s  f o r  f luidized-bed com- 
bus t ion .  A mathematical model has  been der ived f o r  t h e  r o t a r y  k i l n  r e a c t o r .  
The model i n t e r r e l a t e s  t h e  SO2 concen t ra t ion ,  a s  a f u n c t i o n  of d i s t a n c e  and 



time, wi th  t h e  major opera t ing  v a r i a b l e s  of t h e  r e a c t o r  such a s  s o l i d  
loading,  temperature; gas  f low r a t e ,  e t c .  

Promising r e s u l t s  were obta ined on t h e  u t i l i z a t i o n  of c o a l  a s h  a s  a b inder  
f o r  t h e  f i n e - s i z e  so rben t s  such as t h e  l imestone d u s t  and s y n t h e t i c  
so rben t s .  

BNL Quar te r ly  Progress  Report ,  A p r i l  1-June 30, 1978, 
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REGENERATIVE PROCESS FOR DESULFURIZATION OF HIGH TEMPERATURE COMBUSTION 
AND FUEL GASES, QUARTERLY PROGRESS REPORT NO. 10 ,  JULY 1-SEPT. 30,  1978 

BNL - 50944 

A.S. Albanese, J . M .  Chen, G. Farber ,  F.B. Kainz, J. Pruzansky, M-S. Shen 
M. S te inberg  

Process  Sciences  Div i s ion  

A k i n e t i c  s tudy  has  been performed w i t h  a r o t a r y  k i l n  r e a c t o r  of t h e  
apparent  s o l i d - s o l i d  r e a c t i o n  between the  sulfated L i m e s t n n ~  an13 rhr 
f l y  aoh from a PDC. T l ~ e  e~pel, . t~l!euCal cuxidicions were wnehiri t h e  range 
f u r  regenera t ion  of t h e  lime-based sorben t s  f o r  f lu idized-bed combustion. 
The measured SO concen t ra t ions  have been favorably  i n t e r r e l a t e d  wi - t h  a , 

der ived  mathemazical model, wi th  t h e  major opera t ing  v a r i a b l e s  of t h e  
r e a c t o r  such as s o l i d  loading,  temperature,  gas f low r a t e ,  e t c .  The 
k i n e t i c  parameters of t h e  regenera t ion  r e a c t i o n ,  t h e  maximum a t t a i n a b l e  
SO2 concen t ra t ions ,  and t h e  e f f e c t  of t h e  molar r a t i o  of C/S on t h e  
e x t e n t  of CaS04 conversion t o  CaO have been obta ined.  

The s u l f u r  s o r p t i o n  e f f i c i e n c y  of t h e  p e l l e t s  of t h e  l imestone f i n e s  was 
found t o  be much h igher  than t h a t  of raw s tone .  S i g n i f i c a n t  improvements 
i n  reducing t h e  requ i red  Ca/S molar r a t i o  i n  t h e  FBC system could be 
achieved by us ing  t h e  p e l l e t s  o f  t h e  l imestone f i n e s  t o  r e p l a c e  t h e  raw 
s t o n e  sorben t s .  The e f f e c t s  of t h e  compacting p ressure  and t h e  a s h  con ten t  
of t h e  p e l l e t s  on t h e  s u l f a t i o n  r a t e s  and t h e  degree  of r e s i s t a n c e  t o  
a t t r i t i o n  were a l s o  measured. 

Calcium s i l i c a t e s  have been shown t o  have very  favorab le  thermndynamic 
p r o p e r t i e s  f o r  regenera t ion .  Equil ibrium c a l c u l a t i o n s  were made f o r  mnno- 
calcium s i l i c a t e  and dicalc ium s i l i c a t e  and compared wi th  calcium s u l f a t e  
f o r  thermal and r e d u c t i v e  decomposition r e s p e c t i v e l y .  Calcium s i l i c a t e s  
produce much h igher  SO2 l e v e l s  dur ing regenera t ion  than l imestone.  
Furthermore, calcium s i l i c a t e s  have t h e  advantage of not  being "carbonated" 
i n  a C02 environment similar t o  t h a t  i n  p ressur ized  fluidized-bed combustion 
of c o a l .  It is  t h e r e f o r e  p o s s i b l e  f o r  c y c l i c  use  of t h e s e  so rben t s  i n  a 
p ressur ized  combustion system. 

I n  c o n t r a s t  t o  l imestones ,  B-dicalcium s i l i c a t e  r e t a i n e d  i ts  a c t i v i t y  
when repea ted ly  cycled between s u l f a t i o n  and regenera t ion .  More r e a c t i v e  
calcium s i l i c a t e c  a r e  bcing sought,  a s  w e l l  a s  clle luealls uf furming rhem. 
I r o n  oxide  has  been shown t o  be c a t a l y z e  t h e  s o r p t i o n  of SO2 by calcium 
s i l i c a t e s .  The work on s i l i ca - suppor ted  l i m e  w i l l  be continued.  Much 
of t h e  e f f o r t s  a r e  d i r e c t e d  i n  f i n d i n g  a l o w  c o s t  macroporous s i l i c a  
support  and i n c r e a s i n g  i ts  calcium loading.  



An economic comparison between an AFBC once-through limestone sorbent 
system and a kiln regeneration system has been made. Two alternative 
arrangements of the regeneration system were considered, one producing 
sulfuric acid from the SO rich regenerator off-gas; the other, producing 
elemental sulfur. 

2 

A kiln reactor process for regenerating sulfated calcium oxide reduces 
the environmental impact of fluid bed waste. disposal and improves natural 
resource utilization.. Also, in consideration of the higher capital and 
operating costs for recovering liquid sulfur, a combined kiln regeneration/ 
sulfuric acid process appears to be economically superior to a once-through 
sorbent and to a kiln regeneration/sulfur process, provided the acid can 
be sold within the vicinity of the power plant producing it. 

BNL Quarterly Progress Report, July 1-September 30, 1978. 

program: Regenerative Process for Desulfurization of High Tempcrature 
combustion and Fuel Gases 

Sponsor: DOE - Office of Fossil Energy 



POLYKETONES AND POLYSULFONES FOR CONSERVATION I N  THE ETHYLENE POLYMER 
INDUSTRY, PROGRESS REPORT NO. 1,'OCTOBER 1977-MARCH 1978 

BNL - 50884 

M. S te inberg ,  R. Johnson, P. Colombo, W. Cordes, M. Koral ,  and D. Goodman 

Pro.cess Sciences Div i s ion  

A s e r i e s  of ethylene-carbon monoxide copolymers have been prepared by chemical 
c a t a l y s i s  and Co-60 gamma r a d i a t i o n  induc t ion ,  ranging i n  carbon monoxide 
con ten t  from 41 t o  49%. A c o r r e l a t i o n h a s  been e s t a b l i s h e d  between t h e  method 
of p repara t ion ,  t h c  carbon msnaxidc c a n t e n t  of t l ~ t  ~ ~ p u l ~ t i ~  ;111sl tlic ~ ~ e i l l d f i i i a l  
p r o p e r t i e s  of t h e  r e s u l t i n g  products  p resen t  eva lua t ions  i n d i c a t e  t h a t  co-' 
polymers con ta in ing  % 50% carbon monoxide prepared by CO-60 gamma induc t ion  
have s i g n i f i c a n t l y  improved mechanical p r o p e r t i e s  over copolymers prepared by 
t r a d i t i o n a l  chemical f r e e - r a d i c a l  c a t a l y s i s  and which were found t o  c o n t a i n  
< CO. Based on t h e s e  r e s u l t s ,  i t  i s  suggested t h a t  f u r t h e r  exper imentat ion be 
conducted i n  radia t ion- induced copolymerization e s p e c i a l l y  wi th  t h e  use  of 
e l e c t r o n  beam machines p r e s e n t l y  a v a i l a b l e  t o  indus t ry .  

BNL Progress  Keport, Uctober 1Y77-March 1978. 

s 

Program: Conservation i n  t h e  Ethylene Polymer Indus t ry -Po lyke tones  and 
Polysulfones  

Sponsor: DOE - O f f i c e  of A s s i s t a n t  Secre ta ry  Conservation and So la r  
Appl icat ions  



POLYKETONES AND POLYSULFONES FOR CONSERVATION I N  THE ETHYLENE POLYMER 
INDUSTRY, PROGRESS REPORT NO. 2 ,  APRIL-SEPTEMBER 1978 

Meyer.Steinberg,  Richard Johnson, William Cordes, and Donald Goodman 

Process  Sciences  Div i s ion  

A program is  underway t o  i n v e s t i g a t e  t h e  s u b s t i t u t i o n  and i n t r o d u c t i o n  of 
CO and SO2 i n t o  high molecular weight polymers of e thy lene  f o r  t h e  purpose of 
conserving e thy lene  feeds tock  f o r  t h e  polymer market. Et-CO polyketone 
copolymers, Et-SO2 polysulfone copolymers and Et-CO-S02-terpolymers have 
been produced by Co-60 gamma r a d i a t i o n  and by e l e c t r o n  beam machine r a d i a t i o n .  
This is  t h e  f i r s t  t ime t h a t  E-beam r a d i a t i o n  has  been used t o  produce t h e s e  
copolymers i n  high p r e s s u r e  systems. The y i e l d  f o r  t h e  1:l Et-CO polyketone 
copolymers appears  t o  b e  square  r o o t  dependent on t h e  i n t e n s i t y .  The e l e c t r o n  
machine r a d i a t i o n  y i e l d s  appear t o  b e  lower (G = l o 2  t o  lo3) than  t h a t  
obta ined wi th  Co-60 gamma r a d i a t i o n  (G = 103 t o  104 o r  wi th  bremstrahlung 
r a d i a t i o n  produced by t h e  e l e c t r o n  beam i n t e r a c t i n g  w i t h  t h e  p r e s s u r e  v e s s e l .  
The lower y i e l d s  may be due t o  t h e  high r a d i a t i o n  i n t e n s i t y  of t h e  e l e c t r o n  
beam. The y i e l d  of Et-SO2 polysu-Ifone copolymer appears  t o  be  independent 
of r a d i a t i o n  i n t e n s i t y  and- appears  t o  be v e r y  high (G = 104 t o  lo5)  e i t h e r  
w i t h  Co-60 o r  e l e c t r o n  machine r a d i a t i o n .  A s t r o n g  p o s t - i r r a d i a t i o n  poly- 
mer iza t ion  e f f e c t  i s  observed i n  t h e  Et-SO2 copolymer system. This is  t h e  
f i r s t  t i m e  an  Et-CO-SO2 copolymer has  been repor ted  e s p e c i a l l y  w i t h  a content  
a s  low a s  36 mole pe rcen t  e thy lene  and 64 mole pe rcen t  of combined CO and 
SO2. The Et copolymers ( 1  t o  1 Et-CO and 1 t o  1 Et-SO2 appear t o  be  s t a b l e  
up t o  temperatures i n  t h e  o rder  of 275Oto 300°C and t h e  Et-CO copolymer has  
shown good t e n s i l e  s t r e n g t h s .  Much f u r t h e r  c h a r a c t e r i z a t i o n  and formulat ion 
of t h e  copolymer and terpolymer systems a r e  needed t o  determine t h e i r  
market value .  

BNL Progress  Report, April-September 1978. 

Program: Conservation i n  t h e  Ethylene Polymer Industry--Polyketones and 
Polysulfones  

Sponsor: DOE - O f f i c e  of A s s i s t a n t  Secre ta ry  Conservation and S o l a r  
Appl ica t ions  



ENVIRONMENTAL CONTROL TECHNOLOGY FOR CARBON DIOXIDE 

Meyer Steinberg, A.S. Albanese and Vi-Duong Dang 

Process Sciences Division 

The possible adverse global environmenta1:ef-fec.ts.of CO buildup in 
the atmosphere due to emissions from increasing fdssil Zuel combustion 
operations, have prompted an investigation of a number of possible methods 
and systems for controlling CO emissions and buildup. A systematic . 
overview is presented of a numger of routes for removal, recovery, 
disposal, and reuse of CO from various control points.in the global 2 system. The energy and mass balances for various routes are used as a 
criteria for evaluation. An assessment of the value of alternative 
energy sources as a means of C02 control is made. 

Steinberg, M., Albanese, A., and Dang, V! D. Environmental Control Tech- 
nology for Carbon Dioxide. Presented at 71st Annual Meeting of American 
Institute of Chemical Engineers, Miami, Florida, November 12-16, 1978. 

Program: Environmental Control Technologies (1) FHP of Coal and 
(2) Atmospheric C02 Control 

I 
Sponsor: DOE - Office of Environmental Control Technology 



ENVIRONMENTAL CONTROL TECHNOLOGY FOR THE FLASH HYDROPYROLYSI" OF COAL, 
PROGRESS REPORT NO. 1, JUNE 20, 1977 TO SEPTEMBER 30, 1977 

BNL - 50793 

Meyer Steinber,g and Anthony S. Albanese 

Process Sciences Div i s ion  

The s u b j e c t  program p e r t a i n s  t o  t h e  assessment and c o n t r o l  of p o t e n t i a l  pol- 
l u t a n t s  from Brookhaven Nat ional  ~ a b o r a t o r y ' s  F lash  Hydropyrolysis of Coal 
Process  (FHP) and from r e l a t e d  c o a l  l i q u e f a c t i o n  processes  c u r r e n t l y  under 
development a t  Rocketdyne, Cities Serv ice ,  IGT and CCNY. Data obta ined from 
t h e  experimental  FHP u n i t  c u r r e n t l y  i n  o p e r a t i o n  a t  BNL.wi.11 provide t h e  primary 
b a s i s  f o r  our a n a l y s i s ;  however, we w i l l  a t tempt  t o  extend and g e n e r a l i z e  our 
f i n d i n g s  and conclus ions  by reviewing and analyzing t h e  a v a i l a b l e  l i t e r a t u r e  
and d a t a  on t h e  r e l a t e d  processes  i d e n t i f i e d .  above. Common problem a r e a s  and 
a p p l i c a b l e  technology w i l l  be i d e n t i f i e d  as w e l l  as s i g n i f i c a n t  d i f f e r e n c e s  
i n  e f f l u e n t s  and requ i red  c o n t r o l  technologies .  The o v e r a l l  o b j e c t i v e  of t h e  . 
program is t o  genera te  d a t a  and informat ion e s s e n t i a l  for .  t h e  a p p l i c a t i o n  of 
c o a l  l i q u e f a c t i o n  processes  t o  i n d u s t r i a l  systems. 

This r e p o r t  p r e s e n t s  informat ion on: (1) t h e  polynuclear aromat ic  hydr&carbons 
contained i n  t h e  organic  phase of t h e  FHP l i q u i d  product ,  (2) t h e  carbon, hydrogen, 
n i t r o g e n ,  s u l f u r ,  and t r a c e  elements con ten t  of t h e  FHP organ ic  l i q u i d  product ,  
(3) t h e  e lemental  composition of c o a l  and char  obta ined from t h e  FHP u n i t ,  (4)  

' 

t h e  v o l a t i l e  mat te r  conta ined i n  t h e  c o a l  f eed  and FHP char  product,  and (5) 
. a conceptual  p rocess  f low p l a n  f o r  a FHP-Chemical complex ( inc lud ing  m a t e r i a l  

\*, 
balance) .  

BNL Progress  Report, June 20, 1977-September 30, 1977. 

Program: Environmental Control  Technologies ( I )  FHP of Coal ?nd 
(2) Atmospheric CO; Control  

Sponsor: DOE - Off ice  of Environmental Control  Technology 



ENVIRONMENTAL CONTROL TECHNOLOGY FOR ATMOSPHERIC CARBON DIOXIDE, QUARTERLY 
PROGRESS REPORT NO. 1, JUNE 20, 1977 TO SEPTEMBER 30, 1977 

BNL - 50794 

Meyer Ste inberg,  Anthony S. Albanese, and V. D. Dang 

Process  Sciences Div i s ion  

The primary o b j e c t i v e  of t h e  s u b j e c t  program is  t o  a s s e s s  t h e  p o t e n t i a l  op t ions  
f o r  controlling atmospheric CU2. Accordingly, C02 c o n t r o l  s c e n a r i o s  based on 
convent ional  technology and app l ied  t o  t h e  l a r g e r  i n d u s t r i a l  e m i t t e r s  w i l l  be  
prepared. The scudies w i i i  i nc lude  pre l iminary c o s t  e s t imates  .of s e l e c t e d  
processes ,  t o  i d e n t i f y  f r u i t f u l  a r e a s  f o r  environmental c o n t r o l  technology (ECT) 
programmatic development a s  r e l a t e d  t o  C02 r e l e a s e  and c o n t r o l .  .BNL's p r i o r  
w p e t i e n c e  i n  t h i s  a r e a  inc ludes  t h e  development and e v a l u a t i o n  of a number of 
processes  f o r  removing C02 from t h e  atmosphere fdr t h e  purpose of producing 
s y n t h e t i c  carbonaceous f u e l s  including methanol, gaso l ine ,  and methane. Back- 
ground informat ion from other.DOE programs w i l l  be used t o  determine t h e  l i m i t a -  
t i o n s  f o r  t h e  c o n t r o l  s t u d i e s .  

This p r o i r e s s  r e p o r t  p r e s e n t s  background inf o m a t  i o n  on: (1) t h e  concen t ra t ion  
l e v e l s  of C02 i n  t h e  atmosphere dur ing t h e  l a s t  one hundred years ;  (2) t h e  
p o s s i b l e  e f f e c t s  of r i s i n g  C02 ' l eve l s ;  ( 3 )  t h e  impact of f o s s i l  f u e l  u s e  i n  
t h e  United S t a t e s  on o v e r a l l  worldwide C02 emissions;  (4) t h e  impact of increased 
c o a l  u t i l i z a t i o n  on C02 emissions;  and (5) t h e  process  cons idera t ions  f o r  
c o n t r o l l i n g  0 2 .  

BNL Quar te r ly  Progress  Report ,  June 20, 1977-Septemb.er 30, 1977. 

Program: Environmental Control  Technologies ( I )  FHP of Coal a?? 
(2)  Atmospheric CO Control  
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Sponsor: DOE - O f f i c e  of Environmental Control  Technology 



ENVIRONMENTAL CONTROL TECHNOLOGY FOR ATMOSPHERIC CARBON DIOXIDE,  PROGRESS 
REPORT NO. 2, OCTOBER 1, 1977 TO MARCH 31, 1978 

BNL - 50877 

Meyer Ste inberg and Anthony S. Albanese 

Process Sciences Div i s ion  

A methodology f o r  s y s t e m a t i c a l l y  cons t ruc t ing  .and eva lua t ing  scenar ios  f o r  
c o n t r o l l i n g  atmospheric carbon d iox ide  i s  descr ibed.  Based on fundamental 
p r i n c i p l e s  and on a  s e a r c h  of t h e  l i t e r a t u r e  a  number of a l t e r n a t i v e  processes  

.. (bui ld ing blocks) ;  ranging from convent ional  technologies  t o  advanced concepts,  
a r e  presented f o r  cons idera t ion  i n  t h e  c o n s t r u c t i o n  of t h e s e  scenar ios .  - Since 
t h e r e  a r e  s e v e r a l  key f a c t o r s  t o  consider  i n  evaluat ing.  a l t e r n a t i v e  c o n t r o l  
s t r a t e g i e s ,  such a s ,  energy requirenients,  d i s p o s a l  op t ions  and process  
i n e f f i c i e n c i e s ,  each of which could render  a  p a r t i c u l a r  a l t e r n a t i v e  impractic-  
a b l e ,  a  reasonably . thorough a n a l y s i s  of each cand ida te  scenar io  is  required 
before  meaningful conclus ions  can be reached. 

This progress  r e p o r t  p r e s e n t s  informat ion on (1) a  l o g i c  s t r u c t u r e  f o r  con- 
s t r u c t i n g  s c e n a r i o s ,  (2) process  op t ions  fo r 'C02  cap ture ,  r e u s e  and d i s p o s a l ,  
(3) a  methodology f o r  eva lua t ing  s c e n a r i o s ,  (4)  an  assessment of t h e  energy 
requirements f o r  cap tur ing  C02 from t h e  atmosphere, and (5) a n  eva lua t ion  of 
a  c o n t r o l  system f o r  removing C02 from power p l a n t  s t a c k  gases  by absorp t ion  
wi th  seawater,  followed by deep ocean d i sposa l .  

BNL Progress  Report ,  October 1, 1977-March 31, 1978. 

Program: Environmental Control  Technologies (1) FHP of Coal and 
(2) Atmospheric CO Control  

2 . . 

Sponsor: DOE - O f f i c e  of Environmental Control  Technology 



ENVIRONMENTAL CONTROL TECHNOLOGY FOR THE FLASH HYDROPYROLYSIS OF COAL, 
QUARTERLY REPORT NO. 2, OCTOBER 1, 1977 TO MARCH 31, 1977 

BNL - 50906 

Meyer S te inberg  and Anthony S. Albanese 

Process  Sciences  Div i s ion  

Product streams of t h e  experimental  Flash Hydropyrolysis (FHP) u n i t  
c u r r e n t l y  i n  opera t ion  a t  Brookhaven Nat ional  Laboratory.have been 
analyzed f o r  sulfur, nitnogen, phennl and o t h e r  p o t e n t i a l  p o l l u t a n t s .  
Based on exper imental  r e s u l t s  and a n a l y t i c a l  s t u d i e s ,  a pre l iminary 
environmental  assessment of a conceptual ,  i n d u s t r i a l  s c a l e  FW-Chemical 
Complex producing p i q e l i n e  gas, benzene, l i g h t  o i l s ,  e thy lene  and a 
number of byproduc.Gs has  been made. So l id ,  l i q u i d  and gaseous e f f l u e n t s  
o f  t h e  complex have been evaluated,  and requ i red  e f f l u e n t  t rea tment  
f a c i l i t i e s  and p o t e n t i a l  problem a r e a s  i d e n t i f i e d .  

BNL ~ u a r t e r l ~  Report, October 1, 1977-March 31, 1977, . 

Program: E ~ i v i r u ~ ~ ~ u t t u ~ a l  Contvol Technologies ( I )  FHP of Coal and 
(2) Atmospheric C02 Control  

Sponsor: DOE - Environmental Control  Technology Divis ion 



ENCAPSULATION OF PHASE CHANGE MATERIALS I N  CONCRETE MASONRY CONSTRUCTION, 
PROGRESS REPORT NO. 3 ,  AUGUST 197 7-FEBRUARY 1978 

BNL - 50827 

M. J. Sansone and W. Horn 

Process  Sciences Div i s ion  

Work performed a t  Brookhaven Nat ional  Laboratory on Union Carbide Nuclear 
~ i v i k i o n ,  ORNL Number 19Y-1427 9V, " ~ n c a p s u l a t i o n  of Phase Change M a t e r i a l s  
i n  Concrete Masonry Construction1', i s  summarized i n  t h i s  F i r s t  Quar te r ly  
Report f o r  t h e  period ending February 1978. The jnprovement of thermal energy 
s t o r a g e  capac i ty  of p o t e n t i a l  bu i ld ing  m a t e r i a l s  by incorpora t ion  of p h a s e .  
change m a t e r i a l s  (PCM's) i s  being explored.  Both inorgan ic  s a l t  hydr ides  and 
organic  systems a r e  p o t e n t i a l l y  u s e f u l  PCM'S f o r  encapsula t ion i n  concrete ,  
polymer concret 'e, and/or polymer-impregnated concre te  mat r i ces .  It is  f e1.t 
a t  t h i s .  time t h a t  most PCM's mel t ing a t  o r  above 4 0 ' ~  can be  encapsulated . i n  
l a r g e  q u a n t i t i e s  i n  polymer concrete .  Methods r e l a t i n g  t o  t h e  encapsu la t ion  
of lower mel t ing m a t e r i a l s  i n  va r ious  mat r i ces  a r e  c u r r e n t l y  being s t u d i e d .  

BNL Progress  Report, August 1977-February 1978. 

Program: Encapsulation of Phase Change M a t e r i a l s  i n  Concrete Masonry 
Construct ion 

Sponsor: DOE - Off ice  of Energy Storage Systems v i a  subcont rac t  from ORNL 



ENCAPSULATION OF PHASE CHANGE MATERIALS IN CONCRETE MASONRY CONSTRUCTION, 
PROGRESS REPORT NO. 2, MARCH 1978 TO MAY 1978 

BNL - ,50896 
, 

M. J. Sansone, T. Sugama, and W. Horn 

Process Sciences Division 

Work performed at Brookhaven National Laboratory on Union Carbide Nuclear 
Division, ORNL order number 1YY-14279V, "Eiieapsulatlon uf Phase Change Materiala 
in Concrete Masonry Constructj-on", is summarized in this Second Progress 
Report for the period of March 1978 to May 1978. TIE iuprovemeat of phace 
change materials (PCM'S) has been demonstrated by thermal measurements. Thermal 
analysis of PCM's is continuing in order to identify the most promising systems. 
Particular attention is being iocuS&ii csn polyethylene glyculo i r~~ll MgC12-OaC12 
H20 eutectic systems although other materials are still under consideration. 
Efforts to encapsulate phase.change materials in porous aggregate are continu- . . 

ing. Non-leaking coatings for the aggregate and for the PCM matrix materials . 

are under development. Therrnal.analysis capabilities have been established 
and include DSC, TGA, a thermal comparator for conductivity measurements, and 
a heat-flow calorimeter for heat capacity measurements on large samples. 
Thermal measurements on PCM composite materials are continuing. 

BNL Progress Report, March-May 1978. 

Program: Encapsulation of Phase Change Materials in Concrere Masonry 
Construction . . 

. . 

Sponsor: DOE - Energy Storage Systems via subcontract from ORNL 



LOW PECLET NUMBER HUT TRANSFER FOR POWER-LAW NON-NEWTONIAN FLUID WIT, 
HEAT GENERATION 

BNL - 24806 3 

Vi-Duong Dang 

Process  Sciences Divis ion 

Heat t r a n s f e r  f o r  power-law non-Newtonian f l u i d  wi th  h e a t  genera t ion  and 
a x i a l  conduction is  analyzed.  Radical  and axial temperature d i s t r i b u t i o n  and 
t h e  Nussel t  number i n s i d e  a tube a r e  obta ined i n  terms of nonorthogonal s e r i e s  
expansion. Eigenvalues and e igenfunc t ions  a r e  given f o r  d i f f e r e n t  v a l u e s  of 
v a r i o u s  parameters.  The e f f e c t s  of P e c l e t  number, power-law model index,  
v i s c o u s  d i s s i p a t i o n ,  and h e a t  genera t ion  on t h e  temperature d i s t r i b u t i o n  and 
Nussel t  number a r e  discussed.  Comparison of t h e  p resen t  r e s u l t s  f o r  extreme 
c a s e s  wi th  those  obtained by previous  workers shows good agreement. 

Uang, V. D. Low P e c l e t  Number Heat Transfer  f o r  Power-Law Non-Newtonian 
F lu id  wi th  Heat Generation. J. Appl. Polymer Sci .  (submitted).  
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Based on e lect rochemical  mechanisms, a new power c y c l e  f o r  conver t ing thermal 
t o  e l e c t r i c a l  energy is  presented.  The c y c l e  i s  r e f e r r e d  t o  a s  t h e  thermo- 
e lect rochemfcal  (TEC) power cyc lc .  The general  p r i n c i p l e  involves  combining c 

t h e  e lec t rochemica l  decomposition of a compound t o  i ts  elements a t  a cond i t ion  
where t h e  f r e e  energy change is  low wi th  t h e  recombination of t h e  same o r  a 
d i f f e r e n t  compound from i t s  elements a t  a cond i t ion  where t h e  f r e e  energy 
change is  high. The d i f f e r e n c e  i n  f r e e  energ ies  g i v e s  a n e t  d i f f e r e n c e  i n  
e lec t romot ive  f o r c e  which r e s u l t s  i n  a n e t  power O I J I : ~ I I I ~  for t h e  syetem. The 
power c y c l e  combines t h e  opera t ion  of a n  e l e c t r o l y z e r  a t  a h igh temperature,  
low emf cond i t ion ,  wi th  a f u e l  c e l l  a t  a low temperature high emf cond i t ion .  
The thermal energy is used t o  provide t h e  high l e v e l  h e a t  i n  t h e  e l e c t r o l y z e r  
whi le  t h e  low l e v e l  h e a t  i s  r e j e c t e d  i n  t h e  f u e l  c e l l .  Heat i s  thus  converted 
t o  DC e l e c t r i c i t y .  I d e a l  power c y c l e  e f f i c i e n c i e s  a r e  equa l  t o  t h e  Carnot 
e f f i c i e n c y  f o r  non-condensing systems. The p r i n c i p l e s  a r e  i l l u s t r a t e d  wi th  a 
Hz-02-HzO system and wi th  a H2-02-Cl2-HCl system. I n  t h e  Hz-02-H20 system, 
u t i l i z i n g  h e a t  a t  727% (lOOO°K) i n  t h e  e l e c t r o l y t i c  c e l l  and r e j e c t i n g  h e a t  
a t  250C (298'~) i n  the f u e l  c e l l ,  r e s u l t s  i n  a n e t  i d e a l  emf d i f f e r e n c e  of 
0.187 v o l t s  wi th  a Carnot c y c l e  e f f i c i e n c y  of 70%. The system c.ould be d i r e c t e d  
towards a p p l i c a t i o n  of nuc lea r  h e a t  from high temperature gas  cooled r e a c t o r s  
o r  a t  s t i l l  higher  temperatures from c o a l ,  o i l ,  o r  gas  f i r e d  p l a n t s  where 
e f f i c i e n c i e s  could reach over 80%. Overvoltage and c e l l  I R  l o s s e s  w i l l  reduce 
t h e s e  i .deal  e f f i c i e n c i e s ,  however, t h e  p o t e n t i a l  f o r  improvement over e x i s t i n g  
cycles appears  t o  be ve ry  high.  A f e a s i b l e  system, mSnhlzi.lrg overvol tage 
l o s s e s  i n  t h e  e l e c t r o l y t i c  c e l l s  appeaits co be  Ll~e upera t ion  of a cycle S.n 
which water  i s  f i r s t  e l e c t r o l y z e d  a t  1 0 0 0 ~ ~  (727OC) t o  H2 and 02. The H2 is 
then  f e d  t o  a f u e l  c e l l  where i t  combines w i t h  C12 a t  2980K (250C) forming 
aqueous HCl. The aqueous HC1 is oxidized w i t h  t h e  02 from t h e  e l e c t r o l y z e r  
back t o  water  and C12, thus ,  c l o s i n g  'the cyc le .  The n e t  c e l l  v o l t a g e  i s  
c a l c u l a t e d  t o  be 0.362 v o l t s  and e f f i c i e ~ l c l e e  approaching t h e  Ranki.ne c y c l e  
e f f i c i e n c y  of 47.2% could be obta ined.  Other cyc les  a r e  descr ibed.  The 
b e n e f i t s  of t h e  TEC c y c i e  is t h a t  i t  produces e l r c t i i c i t y  from thermal energy 
w i t h , n o  moving p a r t s  and a t  moderate p ressures ,  p o t e n t i a l l y  making t h i s  system 
mechanically a h igh ly  r e l i a b l e  one. The high temperature m a t e r i a l  s t a b i l i t y  
problem must be  balanced a g a i n s t  t h e  increased thermal e f f i c i e n c y  of t h e  power 
cyc le .  TEC may have e s p e c i a l l y  s u i t a b l e  a p p l i c a t i o n s  f o r  t h e  product ion of 
e l e c t r o m e t a l s ,  (A1 and Cu) , e lec t rochemica l s  and s y n t h e t i c .  f u e l s  because of 
t h e  d i r e c t  use  of t h e  DC c u r r e n t  generated i n  t h e  cyc le .  It is  recommended 



t h a t  t h e s e  systems b e  f u r t h e r  developed and e v a l u a t e d .  

S t e i n b e r g ,  M. Thermoelectrochemical  Cycles f o r  Power aud Hydrogen Product ion .  
P re sen ted  a t  2nd World Hydrogen Energy Conference,  Zur ich ,  Swi t ze r l and ,  , 

August,  21-24, 1978. 
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