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to Fuel Cells 
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Faculty Member: David E.   Dunn 
Professor of Geology 

Reaearch Associates:     L.   LaFountain   (IDL-DARPA) 

Graduate  students: W.   I^ewls   (IDL-DAHPA) 
A.   Dabba^h 
M.   Hayes 

Decrees Granted: p.  Jackson,  Ph.D.,  August  1973 
R.   Lemmon,  Ph.D.,    August  1973 

Other IJupportlng^ Agencies:     University  Research  Council 
N.C.   Dept.   of Natural  Resources, 
Division of Mineral  Resources 

Publications: 

D. 1. Dunn.  L.   J.   LaFountain,  and R.   E.   Jackson,   "Porosity Dependence 
and Mechanism   »f Brittle Fracture in Sandstones,'   Jour.  Geophys.   Res.. 
v.   78, n.   U,   n.   ?l403-?l4l7,   (1973). 

■   J.   Roper and D.   E.   Dunn,   "Supemosed Deformation and Polymetamornhism, 
Brevard Zone,  South Carolina" Geol.   Soc.  America.   Bull.,  v.   81*, p.   3373-33? 

L.  J.   LaFountain  and  D.   E.   Dunn,   "Anisotropy  and  the  Coefficient of Slidinr 
Friction.     Eos.   Amer.   Geophys.   Un..  Trans.,   v.   55,  n.   1*,  D.   1,28.   {l9fk), 

R.   E.  Jackson  and D.  E.   Dunn.  "Experimental Sliding Friction and Cataclasl: 
of Foliated Pocks,     Int.  J.   Rock Mech.   Min.   Sei.,  v.   11,   (197I4 in press). 

L.   J.  LaFountain and D.   E.   Dunn,  "Effect of Anisotropy on the Coefficient 
of rildlnr Friction in Schistose Rocks,"  Int.   J.   Rock Mech.  Min.   Sei., 
'197« in press). 

Summary of Research Act1vlties: 

(1)     Dilatancy  -   Fluid  Diffusion Model   for Earthquake  Prediction. 

Recently  Nur   (Geolopy,  May   19714)   haa   publisher)  confirmation  of the 

Ulatancy  -   fluid diffusion model based on  data  from the Matsl^hiro,  Jimn 

-arthquak^  swarm.     Hin   Interpretation of the  data  dependn   ur-on  assumptions 

regarding tta   relation  between discharge  and  pore  pressure  in  a dllat.im- 

fault  zono.     Currently we have underway  a  series  of experiments which  r.hnxü.' 

confirm or deny  Nur's model.     These  consist of  fracture  tests  in  two mode:.. 
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In  the   first we hold pore  pressure  constant so that water Inflow exceeds 

the   rate of pore  pressure   Increase   (q>>  d«/dt);  while   in   the  second we 

allow  pore pressure  to  decrease  so  that d*/dt  >>q.     Within  a  few months we 

shouM have   firm experimental   evidence with which  to  refine  nossible earth- 

quake  prediction schemes. 

(J)  Brittle  Kracture  Mechanisms. 

There  follows  the  abstract of the paper cited above by  Dunn, 

LaFountain,  and Jackson. 

Forosity Dependence  and Mechanism of Brittle  Fracture  in Sandstones. 

Brittle  fracture  tests  of 105  fine-drained quartz  arenitea were  conducted 

at 250C,   1.0 kiiobar confining pressure,  a constant  strain  rate of 6.5 X 10"5/sec 

and pore presnure  ransin«  from 0 to 750 bars.   Orientation of planar anisotrony 

(bedlinK or cross-bedding) with respect  to principal  stresses has little 

influence on  the  fracture  strength.     The Donath orientation effect  depends upon 

rock  type.     Strong dependence of  fracture 3tren»rth on porosity is of the  form: 

y«axb   (where y« stress  difference  at  failure,  x» porosity,   and a >0>b;  in our 

samples  values  for a ranged between  16 and 25 kilobars,   and b between -0.8 and 

-1.0).     Through-going shear  fracturer  result  from coalescence of grain boundary 

cracks,   extension   fractures within  grains,   and void  space.     Rocks with  low 

porosity  develop through-going shearr only after many  grains  are extension 

fractured.    The  functional  relationship between porosity and  fracture strength 

derives   from the  lower energy required  for propagating cracks to utilize void 

space  rathor than  forming extension  fractures. 

(3)  Frlctional Properties of Anisotropie Rocks. 

There  follows the  abstract  of the paper cited above by LaFountain and 
Dunn. 

Kffect of Anisotropy on  the Coefficient of Sliding Friction  in Schistose 

Rocks.       Foliated schist   samples were savcut at U50 to  the cylinder axis and 

tested at  500 bars  confining pressure,  ?50C,   and  IQ-^sec*1  shortening rate,   to 

examine   thf effect of anisotropy on  the  coefficient of sliding  friction   (us). 

Cylinders were  cored   from sample blocks  in a variety  of orientations to produce 

sawcut-to-foliation   (STF)   angles  ranging from 0° to l80o  in   15°  increments. 

The  variation  of us with   foliation orientation  Is  sinusoidal.     Maximum 

values of us  occur when the  foliation  is narallel  to princinal  stress planes 

(T.TF =«   30° -   145° and   105° -   l?0o;   T  » 0),  and minimum  values  of us  correspond 

to planen of maximum  resolved  shear stress   {FTF =  75°  and  165°,   T  =   T ). 
max. 
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Slldln^-surface  tiannKe  and  gou>rp  developmpnt   vaiy   Inversely with  u   • 

. arface  damage  results   from the  interaction of asperities with the  sawcut 

surface,  mi failure  oia cataclasis of asperities  produces  Kouge.     fr^cursor 

events  visible on  force-time  records,  and partial  loading tests  terminated 

before mexascopi • sliding,   indicate  that surface  damage  and gouge  are gener- 

ated before megascopic  sliding on the sawcut.     Apparently,  high  resolved shear 

stress  produces slip  along the   foliation prior to sliding on the  sawcut. 

Foliation slip generates  gouge  at the  sawcut  interface;   and the effect of the 

gouge   is  to lower uQ. 

/^ 

  



u \ 

Kaculiv  Memtier. Thomas I.. Isenhour 

Degrees Granted: 

Research Associate:  S. Tsuge (IDL-DARPA) 
S. Creasey (IDL-DARPA) 

Graduate Students:   H. Woodruff (IDL-DARPA) 
S. Lowry (IDL-DARPA) 

J. J. Icary,  Assistant I'ruftsssor 
Madison College 
llarrlsonburg, Virginia 

J. B. Justice, Research Assculatf 
Department of Chemistry 
University of North Cr.rollna 

Other Supporting Agencies:  National Science Foundation 

Publications: 

"A Nearest-Neighbor Technique Applied to the Reduction of the Numlier of 
Standard Solutes Needed to Characterize r.as Chromatographie Liquid Phases," 
S. R. Lowry, S. Tsuge, J. J. Leary and T. L. Isenhour, accepted by J. 
'hromat. Sei. 

"Progressive Filter Network:  A General Classification Algorithm," 
S. R. Lowry, J. C. Marshall and T. L. Isenhour, submitted to Science. 

"Bayesian Decision Theory Applied to the Multlcategory Classification 
of Binary Infrared Spectra," H. B. Woodruff, S. R. lowry and T. I . Isenhour 
submitted to Anal. Chem. 

Summary of Research Activities 

(1)  Studies of Gas Chromatographie Liquid Phases 

C.as Chroraatography has become, perhaps, the most frequentlv applied 

separation method in chemical analysis.  This tect.nique is capable of 

separating and Identifying components of a great variety of complex samples. 

The selectivity of liquid phases is typically characterized on the basis of 

retention behavior, which is desirable because retention lehavior directly 

reflects molecular Interactions between liquid phases and tist solutes 

(functional probes) under actual operating conditions.  Keller (1) pointed 

out, "It now soems desirable to characterize the selectivity of mobile and 

stationary phases In terms of Chromatographie behavior, using a minimum 

nuniber of probe solutes to elucidate the retention forces Involved,"  He 

also suggested that the selection of these probes might be made by using 

the extended solubility parameters proposed by Snvder (2). 

// 
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This work descrlb«;s a pattern recognltlo'. algorithm which Is 

conceptuallv simple and can be applied without resortto a computer. 

The technique employed is a sequential filter approach. 

1 uli parameter (or dimension) of the data is investigated for an 

upper mad   lower threshold.  Thres»olds  are defined as values which will 

eiMalfy onlv one (lass of data.  Hie firs? filter is selected as that which 

lias tiie two thresholds that classlfv the most members of the training set. 

(The thresholds n'ed not classify into the same categories.)  These patterns 

are then lemoved irom the data set and the next best filter is sought. 

The network can be applied, once developed, to classifying »r.known 

patterns by followln« a simple fllterlnp, process of companing the magnetudes 

of Individual parameters to the recorded thresholds.  Successful applications 

were made to Interpreting mass spectra and electrocardioRrams. 

(1) Isenhour, T. L. and Jurs, P. C. Anal. Chem., 43 (10), 20A (1971). 

(2) Rogers, 0. S. and lanimoto, T. T., Science 132, 1115 (1960). 

(3) Jain, V. K., International Journal of Computer and Info. Sei., 2, 231 (1973) 

(3)  Baveslan Decision Theory Applied to the Multicategory Classification of 
Binary Infrared Spectra 

Pattern recognition techniques employed for the an^lvsts of Infrared 

spectra have been previously reporttd as acceptable alternatives to search 

and compare methods (1,2).  The advantage of using ptttern recognition is 

the ability to determine common characteristics of spectra from similar 

compounds.  Other compounds displaving similar characteristics in their 

spectra can then be predicted to belong to the same class of compounds 

as the original s.*t in which these characteristics were observed.  Previous 

works In this field have reported results using binary classlfication 

techniqjes.  This means that the answers were simply yes or no; e.r,« yts, 

the ( ompound was a carboxvllc acid or no it was not.  Similar questions 

were asked for esters, aldehydes, and each of the other classes of compounds 

being tested.  For a given spectrum. If after all the questions were answered 

nnlv one answer was yes, then a specific prediction could be made.  Otherwise 

the prediction would merely be that the compound belong to one of the positive 

classes. 

ya 
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Another approach Is to use multicategorv classification techniques. 

In this case, rather than asking a number of ves/no questions, only one 

question Is asked.  To which class Joes the compound belong?  Selection 

•I the proper discriminant 'unction results In a predicticr for the correct 

mswer to this question.  This paper reports on an investigation of multicategorv 

ctlon.s using blnarv data.  Ulth the knowledge that the spectrum belonged 

to one of fourteen possible classes, the goal was to select the prorer c^iss. 

H'.. recognition re.ults obtained using a Baveslan approach were 

con-Merablv better than the U fiKure expected from random guessing.  Bayeslan 

approache, tAi not used very often, usually due to rhe difficulty of obtaining 

P(A|C). kno.-n as the a priori probability.  However, in a situation such as 

the one .escribed here, it Is quite eesy to determine the a priori probabilities 

fro« tlu- training set.  Mven that P^\c.)   is obtainable, the Baveslan approach 

can then be viewed merelv as a formallzatlon of common sense (3).  If the order 

L. 2. 3, 4. S most frequently occurs when a compound belongs to class ]. then 

it is common sense to predict a spectrum giving that same order Is of an acid. 

As was mentioned, the most llkelv next step for this type of approach would be 

to use very large training sets Incorporating fewer restrictions.  Also, the 

fourteen classes selected for this study would most likely not be the ones 

mUctmi  for | thorough investigrtlon of a large data set.  When using a table 

generated from a large data se-. If the percentage of recognition still was 

near 90% then one would have a quick and accurate means of predicting the type of 

compound without having to search large numbers of spectra.  This study 

demonstrated the feasibility of employing a Bayeslan approach for the classification 

of infrared spectra, but varying degrees of utility should be foind when using 

discriminant functions generated from other types of data. 

(2) ,■,,I<,,•I1 ,l1. ,'- W...Iurs. I-. C, Appl. Spectrosc. 27. 571 (197-». 

(3) K.-lly, |>. c.. Anal. Chem. . 4A (11) (1972). 

M 
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(4)  Pailvn Atialvsls of Lubricants 

A preliminary Investigation of engine oil data was made with the 

cooperation ot tin Naval Oil Analysis Program under the Naval Air Systems 

i ommand.  The hodv of a report on that initial investigation follows. 

Iki data set Investigated consists of information taken from fourteen 

dlAtlact aircraft engines.  Samples of engine oil were analyzed for trace 

aim mts of each of ten elements.  Hie analyses were done by an emission 

technique.  In each of the fourteen cases samples were periodically with- 

drawn and analvzed -.ntil a disabling malfunction occurred.  The ultimate 

goal of this investigation is to determine if any factors Involving the 

given concentrations foretell engine malfunction.  To insure practicality 

the factors need  to be simple enough to be visually or graphically seen. 

For the following discussion the set of concentrations tak^n from 

one oil sample are called a pattern.  Also the set of patterns for one 

engine are designated a subset. 

Observations 

Consider the nature of the data.  The following observations may be 

made. 

1. Some subsets are represented by too few patterns.  To distinguish trends, 
enough patterns must be present to scan the functioning engine before 
the malfunction.  Arbitrarily the four subsets with fewer than four patterns 
are excluded in data analysis. 

2. Engine operation times are not incl.ded.  For any analysis of concentrations 
versus time a measure of operation time is needed.  Since only the Julian 
date Is given for the patterns, derivative methods will be unreliable. 

3. (til changes appear to be made randomly and oil samples seem to be with- 
drawn the same way.  (oncentratlon profiles have gross Jumps where oil 
Is sampled close to the time of oil change. 

4. lh. ultln.aU' rauso of engine failure is not given.  There is little 
rt-ason to expect factors indicating one type of failure to be the same 
M factors for I different caase of failure. 

r».  Tlieri' Is questionable accuracy In parts of the data.  This may be 
Illustrated by observing the set of concentration profiles for silicon. 
The maximum value for SI is bl  ppm, whereas the other values lie between 
0 and 1!) ppm. 

6.  1'recision may also be a limiting factor in the emission output data. 
As a rule of thumb the absolute error may be considered the maximum of 
3 ppm and LOI of the concentration. 

/r 
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InvosttgatIon ot Hata 

FhrM methods of data analvslf. are applied to the data set.  Motivation 

and expectation tor each of the three methods are outlined below. 

1.  If any one element predicts malfunction, then something abrupt shuiild 
happen to Its concentration at the time of failure.  Thus a simple look 
at concentration profiles seems reasonable.  The difficulty here is 
-.impling technique (as mentioned in observation three).  Mttle 
illustrative should result from this look. 

2t  To overcome the sampling problem, perhaps one of the elements may be 
set as a standard.  This suggests a ratio method a look at concentration/ 
concentration profiles.  It is hoped that as an engine malfunctions, 
the vah 5 of the ratio reaches a maxImum/min Imum value and that the 
numeric .-ilue of the ratio is significant.  A limit to this approach 
is the lar ;e relative error.  This will be especially apparent for low 
concentration species.  Ratios between "high" concentration species 
are preferred. 

3.  The third procedure assumes that getting to the extreme Is less 
important than how the extreme Is approached.  Simply this implies a 
derivative or slope technique.  For the given data set two immediate 
problems exist.  Since tie derivative operation is especially sensitive 
to noise, the large relative error eliminates the apparent utility of 
this method,  further theie Is no appropriate time function available 
for the ordlnate. 

A fourth procedure might be a spectral method.  However the quantity 

of data required for each subset makes this Impractical. 

Trends 

Considering the preceding argument, the concentration ratio procedure 

(method two above) is preferred.  Observation of concentration-concentration 

ratios are made for the elements of each subset.  The denominator is limited 

to high concentration elements (Cu.Fe.Al,Mg) and all of the 36 remaining ratios 

are observed.  A positive response occurs when for elements X and Y, 

([-•) maUunct.    »    max 1 ,-,)  . m tlm [Y] subset. 

A 
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isln^ this iilterlon en) the   ten siibset«, [Cu)/(P*] ami lleJ/[All nlvo f 1 vi- 

poslKlva r«.--piMisfs.  [in]'[Al] and (i"u]/[Mg] give tlireo josltlvc rusponsis. 

ConsiderIni; all the problems Inherent In the data these results are 

encouraging.  Unfortunately although the maxima appear, the value at these 

extrema do not seem to be significant. 

At this point the anilvsIs pleads for time factors and a curve smoothing 

aU'rithm.  Htis would allow a derivative procedure to be attempted. 

It needs to be emphasized that all the afore mentioned results only 

indicate possible trends.  I'ntll an investigation of a larger data set 

takes place all results are, at best, tentative. 

KecoDunondat ions 

In order to determine whether trends are present or, if present, 

■ Ignificnti otlitr factors need to he included in the data.  As mentioned 

previously the engine run times between sample withdrawals and the eventual 

cause of failure are needed. 

other suggestions concern, either directly or Indirectly, the oil 

change itself.  For data analysis it would be ideal if the oil were changed 

at regular run time intervals and oil sampled immediatelv before the oil 

change.  It seems that the latter jf these is a reasonable suKgestlon and 

that tlu- former is an Ideal expectatior.  Some of this problem could be 

aided by including "standard engines" in the data.  The "standard engine" 

would have its oil changed regularly and sampled immediately before the 

oil change.  Samples could also be taken as a functioi. of time o'vi the 

life of the engine oil.  These would provide normal curves and standardizing 

curves to compare with curves near malfunction times. 

These suggestions intentionalIv overlook the irreproducibility of the 

MCOffa< can" sampling technique.  This Is an obvious contributor to data 

.(.if 'er and need not be mentioned more. 

Con' Lua i ons 

A first analysis of the data appears to be rather inconclusive. 

Tentative trends appear, but noise factors fmpalr certainty on such a small 

and i mrornpl ( t i data ;<'t.  lu-fore a final decision mav l>c made more data per 

pattern and more patterns need to he investigated. 

7 
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Kii(Mpv> .(i II ^ N>N ( -     'l-—> Ku(hlpy) ,{(ll  tN)N   "    :,|/,   '   •'•••'•V 

(blpv   is   J, J'-Mpyr iii iiif;   the   K   , ,  v.ilius  .in-  • -..   llu-  satur.iti-.i   sodl 

ihloridu  r.ilomi'l   t 1 < vtrodt'   in  aceloni i r lie) 

urn 

Ku(blpy)   en 

Hii(bipv) .«fl 
H 

Ku(t.ipv) ,eni+   : I-,      .   -   1 . OV 

-3e 
,8=,"" z* 

>   (bipv)   Kii^ +  4H+ 

H H 

In   some   cases   it   has  been  possible   to  study   the  details  ot   the   intra- 

moli-ciilir  I'lecLion  transfer   step  since   the  rut henium( I I)   complexes,   e.g., 

Ki!(hip . i ,.11       and   Ru(blpy) ,(N..K,   can be oxidized   rapidly   to  rutheniuin( II1) 

eithet   ihfmically    (using    CeOV)   or   Br^)   or  elect rocliemical ly.   Initial 

studies  have  shown   that   I   ,   NTS   ,   CN   ,   and C„0.       are  also oxidized  when 
2 U 

bound to bis(2,2,-bipyridine)ruthenium(llI), 

(2) Electron Transfer Quenching of Kxcited States. 
2+ 2+  * 

The charge transfer excited state of Ru(bipy)   , Ku(hlpy)     , is 

relatively long-lived and luminesces strongly at room temperature in 

solution. We have studied the quenching of tiie excited state by a series 

ot cpiench'.-rs (Mittg spect rof luor imetry and flash photolysis. The rates of 
3+ 1+ 

quenching of the excited state by Fe(H_0).   and    Ru(NH.).   (in water) 
/ " /—\    2+ 

and bv CH--PQA\0/'"C'U   «ind other electron deficient organic oxidants 

(in acetonitrile) are at or near the diffusion-controlled limit. The 

quenching of the e/.cited state occurs by electron transfer quenching and 

th': quenching step is followed by a slower dark reaction which takes the 

system back to equilibrium: 

Ku (bipy) 
2 + f bv Ku(bipy) 

2+ * 

..'f * 

1 

Ku(bIpy; 
f+ 

+ Ked 

34 
Kufbipy),'    I ny.   U-^^Kudilpy)    + K.-d 

^Kud.lpv) 
2+ ♦ dx 

) ' ' " J 

(nx anil Ked .irt1 LiM oxidized and reduced Fonui "I tin qiu-ncln'r. ) 

Wi- have lircii alilo to mcasmo k  l)y «'mission <pi<'iii h i ng and k bv I lash 

photolysis, k valut's havo turn (d)lained lor n-aitions with Ad changes 

O^ 
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of  .is  lars« M  1.7V.   HM rat« stuJi.-:. on rMctlmM  h. this  ■(. ,..,.1.,,, 

BhoH that tho pr«diccl«M Mii« by NarciM thaory foi  raactloaa  la UM 

".«bncniMl" fra« MMTty region art- incorrect. 

(3) Met.l-McH.iJ Intera. tions through HrldKin« Uganda. 

The „-oxo-hridged complexes of ruthenium(I 1 I), 1(bipy)„XRu-O-RuX- 

(blpy)2]   (X - (1, No,), hav.. heen prepared a.id ( IKU ac t er ized. From 

electrochemical stmiies in acetonitrile the UM I d ipy)2XKa-.)-KuX(bipy) J 

■lM exists as mi xed-vulence +i (Itl(III)HUl(tV)) and -H (Ru (1II )-Kll(l]) ," 

ions. The chemical, magnetic, and spectral properties ot the ..-oxo-bridged 

dimers can be explained using a molecular orbital scheme based on a strong 

Md chemically significant ruthenium-ruthenium interaction through the 

bridging oxide ion. 

Weak interactions exist between ruthenium iuns in the complexes 

[0«3)5i«(L)luCl(blp,)2i
U/^ where L is a dibask^ N-heterocyclic Hgand 

ontainimi an intart ammatin   ri_o,.of„„  „ .. 

2+ 

AS 
H &HQ> 

^K^jKgN. The eftects of metal-metal interacVhfns arv  seen in the 

electronic spectra of the ions and by the appearance of Intervalence 

Iranstcr absurpticn hands for the +4 mixed-valence lOM ((Nil ) ku(lll)- 

(L)Ku(lI)(:i(bipy)2]
4+. Weak interactions also exist between the iron 

sites in the mixed-valence, 1.I'-polyferrocene ions ((C H )Fe(r H -(' H )- 

Fe(c:5V:5VFe«VV|2+/+  [ (Fc-Fc-Fc)2+/+l and \ U^nVeiCU-c'uJ-' 

^(C5M4-(:5„4)Fc:C5H4-SH4)Fe((;:.1:5)J3+/2+/+|(F(._F(._Fc_;v)3+/2^]i
5/he 

ixed-valence polyferrocene ions can exist as a series of oxidation-state 

isomers which with regard to the site of oxidation. For example, for the 

ion av-Fc-Fc) + two energetically equivalent isomors exist—Fc+-Fc+-Fc 

and Fc-Fc -Fc -and one energetically inequivalent isomer exists-Fc+- 

F'"K' • Tl xisten^e of oxidation state isomeis intluen.es such properties 

nt the mixed-valence ions as thaif electronic spectra, the position and 

Intensity ol Intervalence Transfer bands in the infrared, the presence 

", sl''ti^'-i.al e ts in tm-asured reduction potentials and rates of 

l«*""«»l •" .I«, tron transfer between different iron sites. 
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-HO- 

riLilliuir  ni't  il   IS.HS   bvvu   usr.l   VIMV    little   In   (liri(t   svnllusls 

bi-iMum«   .-t    Its   l.<u'   re.utlvltv.     Wo  \\iv\    »mm.I   th.it    rfdiHtloii   «M   tli.illiuni 

(I)   s.ilts  with   pot .tsslum   In   xvh'iu'   m   ilinlvnu-   vU'lds  M.ick   OOWIUTS   nf 

exceptional   renctivltv.     TJie  cholro  of  solvont   Is   Inportant   .is   dltforont 

themistrv   is  observed depending on  the  solvent   used.     The high   re.irtivitv 

of  the   thallium powders   is   demopstrated bv   its   reaction with   iodobenzene. 

Studies with  titanium are onlv  of a preliminarv nature.     However, 

reduction of TiCl.,   in  xylene  vi?lds black  powders which  do  react  with 

alkvl   iodides.     This  has  never been  observed before.     Additional  studies 

are  under iv  on  the  chemistrv  of  the Ti  powders,  and  in  particular  the 

use  of   these  powders   in  the   fixation of nitrogen. 

Extensiv^  studies   on   the  physical  pronerties  of  the black  metal 

powders   are  underwav   to  trv  to determine   the  high  chemical   reactivitv  as 

well   as   the  apparent  high electron  transport   pronerties  of  the black 

materials.     The-   results  are only  of  a preliminarv nature bur   thev suggest 

that   the black  materials   are  a  composite  material   of both   the  metal   and 

the  alkali  salt  generated  in  the  reduction. 
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