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I.     SUMMARY 

This report covers the period 1 June 1974 through 30 November '974 

and describes the research carried out in three major areas: 1) Materials 

for Energy Storage, 2) üctergeneous Catalysis and S) Maximization of Elec- 

tret Effect in Polyacrylonitrile Films. 

A.    Technic.il Problem and Approach 

1. Materials for Energy Storage 

The discovery of new types of solid electrolytes  (such as beta 

alumira, RbAg^ le,, copper and silver halides and stabilized zirconia) with 

large values of ionic conductivity at relatively low temperatures has 

enhanced  the prospect of developing battery systems possessing a high 

energy storago-to-weight ratio, high power output capability,  long life in 

service,  efficiency  in charge-discharge characteristics and  the capability 

of being constructed from inexpensive,  readily obtainable materials.     Three 

complomcntary areas of research are being pursued.    The first involves a 

search for new materials to be usorl ac «nlid  state electrolytes and elec- 

trodes;  the second  involves detailed studies on electrulytes already known 

to be predominantly ionic conductors, and the third  involves a fundamental 

investigation of sintering and hot pressing of materials of interest.    To- 

ward tho?e ends,  the studies begun tlie previous year on the cuprous halides 

as model systems are being complete.].    The search for electrolyte materials 

is being concentrated un the hollandites, which are capable of operating at 

ambient terrijieratures.     Mo'ssbauer and ?\MR techniques are being used  to char- 

acterize these materials.     Solid  electrode MlterlAlfl under investigation 

incluno the tungsten and vanadiui bronzes.    The sintering studios are being 

pursued  in order to develop metbi'ds of preparing dense, polycrystallino 

electrolyte? and electrode materials. 

2. Maximization of Electret Effect  in Polyacrylonitrile Films 

Dielectric rolid;- poSMMing a   pernument electric   field   f elect rets) 

can potentially be UMd as active elements  in a number of devices,  e.g., 

acoustical transducers,   infrared detectors,  piezoelectric devices and 

optical   second hannonic generators.     Polymeric solids make superior electrets 
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because of their therral and mechanical stability,  long chain macromolecular 

nature (which alYunl an additional means of orienting dipolar groups) and 

low cost.    These properties will be exploited  in the creation of new mate- 

rials for use in ippantlM utilizing the electret effect. 

The purpose of the present research is to determine quantitatively 

the interrelations betveen molecular organization, electrical  polarization 

and the coefficients of piezoelectricity and pyroelectricity  in polyacrylo- 

nitrile  (PAN) films and to establish active collaboration with  staff members 

of the   Instrumentation Application Section of the NBS.    Current research  is 

directed  toward the direct measurement of polarization derivative quantities 

in PAN films utilizing various techniques,   including x-ray scattering and 

birefringence measurements,  the measurement of open-circuit potentials across 

poling electrodes,  scanning electron microscope studies to attempt to observe 

the electrical polarization domains and  thermally stimulated discharge 

currents. 

3.    Hetergeneous Catalysis 

A number of the most  important hetergeneous catalysts consist of 

tiny crystallites of metal supported  upon a carrier such as lllis: ?r ala-.ina. 

The support leads 1o a greater metallic surface area per gram of metal and 

permits  use of the catalyst at temperatures up to 500''C without rapid  sin- 

tering.     However,  relatively littll   is known of the exact nature of the 

crystal^ites  (Including the nature of their attachment to the support),  the 

effect of the support upon the catalyst behavior,  the effect of metallic 

particle size un catalytic characteristics .••THI   the effoet of the method  of 

catal.y.sL prepnntion upon catalytic activity«     It is the purpose of this pro- 

ject to provide some rtaoltition of these problems. 

Stuiidard  batches of CBtalyatt are being prepared by different methods, 

of varying  particle sizes and  on different supports.     These catalysts will  be 

characterized as completely as possible using x-ray diffraction and scanning 

and  transniaaion electron ■icroacope studies  (to determine crystallite size, 

orientationi   .-l.-viin,  dislocation density and  radial density function),  EPR 

studifr  (to yie'id   Inforaation about, the migration of reactants and  products 

00 t.ie support and.   possibly,   the nature of the catalytic sites on the metal), 
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kinetic studies (to dctermne the kinetic form and rate constants for reac- 

tions chosen to give optimum inforrotion about catalytic characteristics) 

and selectivity- studies (to determine relative yields of several concurrent 

reactions). Analytical studies will be undertaken to correlate the data on 

the tvo sc.s of catalysts to be studlfld (on silica and alumina supports) in 

this project and to develop a theoretical understanding of the underlying 
phenomena. 

x 

B«    Technical  Results 

1.    Materials for Energy Storage 

Previously,   B^(TW%| fet   [0.6 ^ x 5 1.14] compounds were pro- 

duced by direct fusion of BaO and  Ti02, and polycrystalline hollandites 

were synthesized from hi.'h purity oxides and carbonates by a solid  state 

reaction at  xCOtPC    Attempts are being made to prepare single crystals of 

rhe Ba holLmdites Ming pressed and  sintered rods of this phase as the 

starting matorfal.    I'olycrystalHne samples of some alkr.li titanates possess- 

ing the mndcUitt structure and of general formula  UYTU.x/40e   (2 ^ x ^ 3) 

were prepar-d  from hi'-h nurity alkali carbonates and Tin2   powders.     Poly- 

wi>fttaUlita Ll.TXi^ umpUa were «IMJ igfiitiHMtiMd.    tuw nm§mmmiu on tms 

cud  two compounds of the family L*,«^,^  are highly encouraging.    Pre- 

liminajy conductivity measurements on  bi2.4Ti,.40,   were also performed. 

Total conductivity measurements are being performed on samples of 

sodium P"-alu:r,i„a  prepared  previously.     The total electrical  conductivity 

of CHI was mea.nred over the  range 75" - 450 C.     lilectron hole conductivity 
for the range USo _ WPQ v;HS a]so ofc^j,,^. 

The eUetrolyt»,   'Ü^O, .'JWO,, was prepared  by a  novel, method which 

permits  synthesis at mtotantlally lower temperatures than  is possible with 

conventional powder preparation.     A study was undertaken to detcmine the 

optimum calcining and  sint-rin- temperatures  for this material. 

A morel has been developrd  for sint. ring retarded  !,v a  surface par- 

ticulate dispersoid an.'   is beiqg readied   for puf.lication.     A model   is also 

being  prepared which describee the  Ionic conduction  in systems containing a 
bulk dispersoid. 
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The diffusivitics of Na+   ions  is being evaluated  in some alkali 

hollandite phases previously prepared for use as electrodes.     Single crys- 

tals of N'axUUj   (0 ^ x ^ 1) were also prepared, and the partial molar thcrmo- 

dynamic properties for Na  in NaxW03  were determined. 

2. Maximization of Llectrer Effect in Polyacrylonitrile Films 

Using thermally stimulated discharge techniques,  two major depolar- 

ization poaks have been isolated as the temperature of PAN (which had been 

strained  prior to poling) was  increased.    Activation energies for the pro- 

cess associated with each of these peaks were obtained.    Dircfringence and 

x-ray scattering studies of electrically polarized PAN have shown that the 

(Üpolar nitrfle side groups adopt an average orientation in the direction of 

the electrical  field.    Preliminary SF.M experiments have revealed  small-scale 

contrast effects vhoso shape  is similar to that of magnetic polarization 

doiiiain structiires. 

3. Hett-rgeneous Catalysis 

The hydrogonolysis of cyclopro^nc experiments have been performed 

on several catalysts prepared during the first year and turnover numbers and 

activation energies obtainr-d.     hfellrlnsry m^nsurements were made on the 

adsorption of di-t-butylnitroxide on silica gel;  this will provide  infor- 

mation about surface mobility on the support.    The apparatus for the study 

of the  isotopie exchange hetveen cyclopentane and deuterium was placed  Into 

operation,  and  rill of the catalysts have been examined at 80,   90,   100 and 

110-C.    X-ray measurements of the surfaee area of the silica gel   support fur 

our oatalystfl are nou  in progress.     An additional  study of the dispersion 

measurements lias been completed;  this study was motivated by  the discrepan- 

cies between these ntMurencnti as perfotuMd by two industrial labomtoriet« 
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II.     RESEARCH REPORTS 

A.    Materials  for Ener^v Storage 

Faculty: 

D.  H. WMtmore,  Professor, Materials Science, Group Leader 

D.   IN   Johnson,   Professor,  Materials Science 

J.   B. Wagner,  Professor, Materials Science 

L.   B. Welsh, Assistant Professor,  Physics 

Research Staff: 

H.  M.   Lee, Visiting Scientist, Materials Science 

W.  A.  Spnrpeon, Visiting Scholar, Materials Science 

T. Wada, Visiting Scholar, Materials Science 

W. Wahnsiedler, Visiting Scholar, Materials Science 

Graduate Students: 

D.   Bouchon, Materials Science 

T.   Jow,  Materials Science 

b.  MueJier, MateriaLs Science 

This research  i|  foeUMd  on promising solid materials for use  in 

high performance,  reclunvcable battery systems to operate at ambient tem- 

peratures.     The ov«nl]  objective hero  is the   investigation of solid-state 

electrolyte and  electrode iiatorials for use as pm.or source?:  for both: 

(1) Mgh-pov;..,-,  high eneoiy-density socondary battory systei:is  for veliicle 

propulsion;  and   (2) lov.-po',;er,   lons-ltfe applications such as   in eleotrouic 

•quipment« 

BpOClfically,   tin's  investigation is ■laed  tov.ards dc\ eloping:     (1) a 

bolter gnforttandlng of the tffecta of structure and  composition on transport- 

mechanisms   it. solid olcclrnlyto materials which ekhiblt fast   ionic diffusion; 

(2) i detailed knowledge of the klneticf and aechaniaM of reactions uc- 

currin;:  (on a  alcroaeopic scale) at the cathode-electrolyle  interface v-ith I 

View tov.ards eiii.iin.-.tin-  polarlcatlon effecta prevalent at: operating temper- 

ature:   (8)  f.ibrication and joining  U'c-hniques needed   to combine solid  electrodes 

-        -   - --   ■  
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with solid electrolytes in various battery configurations;  (4) new solid 

electrolytes and characterizing their properties; and  (5) electrochemical 

techniques for the preparation,  characterization and modification of pro- 

perties of solid materials.    Toward  these ends, a variety of screening 

techniques to identify likely candidates as well as techniques to char- 

acterize materials of  interest are being employed.     Screening techniques 

include the r.ethods of  ion exchange, dielectric loss and nuclear magnetic 

resonance (MHR) line narrowing.    Following the screening experiments, 

materials are characterized by measuring the rate of ionic transport in the 

successfpl solid electrolyte and electrode candidates.    The techniques  include 

the potentiostatic technique,  direct conductivity studies and  tracer diffu- 

sion studies. 

During the first year, work was begun on new electrolyte materials 

based  on rutrilr which  possess the hollandito structure.    Direct fusion of 

HaO and  TtQi   in our laboratories produced a l;a hollandite phase which was 

invariably bluish-black  in color and was a good  electronic conductor due to 

the presence of Ti   ion?   in two different Vr-ilence states.     The Bax fTia_xMgx )016 

[0.6 s; x ^ 1.14] compounds produced   in this manner possessed a  chr-innnl 

structure fomad  by I host faiWWOrk  (T^.«Mfti >0ir, , With the Ba'T   ions 

occupying SOM of the available lattice sites within the tunnels.    I'oly- 

crystallinc hollanditcf were also synthesized  from hlgh-purlty oxides nnd 

carbonates by a solid  state reaction at 1200 c as suggested by binger et 

aJ.     Attempts BTt now being nde to prepare single crystals of the ba hol- 

landito? using propped and  sintered rods of this phase as the startinrr 

material  and a hollow cathode»pLl8ma beam-floating zone method. 

In |  eontlnuatlon of electrolyte synthesis work during  the present 

contract year,  polyeryetalllM samples of Bone alkali  titanites  possessing 

the ramsdellite ttructur« were prepared fron hlgh»parlty alkali carbonates 

and  JiOt   powders«     Thti powders were i'iixcd   in the proper proportions  in 

BCetOOe to yield  the eonposltton  \/h/ri4_y/A0e   (2 S x < 8),   the mixture then 

being drledi compacted  in ■ die end pre^slntered at 100° - WfiC foi  several 

hours.    Ihe resulting eumpset was subsequently enuAiod and the powder re- 

pressed and  sintered St HOOT,  for about S days.     The ramsdellite structure 

is related  to the rntile Structure except  in the  former the octahedra are 

--  - -  .  -      — ^"^ — 



m^ 

rearranged so that the tunnels  in which the Li*   Tre accommodated are two 

(TiOb ) octahedra wide. 

Poly crystalline sanples of LisTi^Ofe   were synthesized  from carbonate 

and oxide powders in the manner described above for the ramsdellite phase. 

The LiaTisOs   compound crystallize? with tetragonal syinmetry and  is closely 

related  to the tetragonal  tungsten bronzes.     It was also expected here that 

the Li+   ions woald be laobilo  in the two types of channels which exist in 

the tetragonal bronze structure. 

NMK line narrowing results between 11° and SOCTK on the confound 

LisTisOs  as well as  two compo   ids from the  family LixTi4-A/408  have been 

highly encnuraging:    the 7Li  resonance fully narrows between 77° and SOtPK, 

indicating that there  is  indeed rapid  LI*-   if.n  notion in these      .ipounds. 

The data arc summarized    n the table below.     Since the NMK technique cannot 

Cowound 

Hi Tin. pt,0o 

LiaTi^OB 

Activation Lnergy 

 fpy/ion)  

1.11 

0.11 (High I Process) 

0.26  (Low I Process) 

Jump Frequency 

for Li*   (sec"1 ) 

i   <;  v  inn 

5.0 x 10 

2.4 x 1010 

readily differentiate between localised and long-range Li4" ion transport in 

these phaseSi it is necesaaxy tu use other techniques, such as the measure- 

ment of do conductivity using reversibl« electrodes applied to the electro- 

lyte senplSi  to BScertSin ■■.hether t3)S Li+    ion notion  is really long-range. 

To date, prelimiasry conductivity ■saaursnents have been done on the COB» 

pound Li;,./Ti.-., 4rL  using solid LI neta] reversible electrodes; tlicsc results 

clearly indicste that the Lr   ion transport in this compound is of a long- 

range ehsracter sod that ths activatiMi energy for eooduetivily is somewhat 

< 0.2  eV/ion.     It does .■.ppciir, linwever,  that the activation energy value for 

■ —     
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ionic conductivity, although low,   is sompwhat higher than that inferred from 

the IM line-narrowing data  (0.11 eV/ion).    This discrepancy  in activation 

energy values will be resolved, hopefully, by undertaking more extensive con- 

ductivity measurements and extending the temperature range for the measure- 

ments above the melting point of Ti  (l8fPC) through the use of molten LiNOj 

as the reversible elo-trodes.    On the basis of the uncertainties in the data, 

the activation energies listed above are probably cori-ec t to within ± 10%. 

The presence of the two distinct, tempera cure dependent processes   in 

the LiaTiaOs   is surprising; however, there are two different-sized  tunnels 

in the structure.    The observed line shapes do not particularly suggest the 

presence of a very narrow line superimposed on the relatively broad line 

which might be expected when two processes with different activation energies 

are present.    This possibility will bo re-examined.     In all cases,  the line 

shape,  as expected,  changed  from Gaussian at low temperatures to Lorentzian 

at temperatures at which the line width was approximately half of its low- 
temperature value. 

During the previous year, discs of sodium p"-alumina were prepared by 

mixing AlaQg   powder with Na-Ob   and  small concentrations of ZrCb  and MgO, 

compacting and  sintering this at lUdOC    The additives ZrOa  and MgO were 

found to improve the sintprability of the ß'-alumina  compact.    The total  con- 

ductivity measurements are now underway un such samples utilizing sodium 

tungsten bron/.e as the reversible electrode.    Preliminary results  indicate 

that I  thin dielectric layer forms on the surfaces of the sodium ß"-alumina 

sample v.h Leh have been in contact with  the tungsten bronze electrodes;   this 

layer undoubtedly results from a  reaction between the electrodes and the 

sample and  undoubtedly gives rise to spurious conductivity results.     Acconl- 

inglyi other reversible electrode Mteriele will be sou-lit out. 

in  a cont inuation of reeearch Initiated last year, the total elec- 

trical conductivity Of Cul has been masured in the temperature range of 750 

to 450°C.  An ac bridge MM used with the Cul pellet pressed between revers- 

tble, copper electrodes.    An Arrfaeniua plot of the deta exhibits curvature 

for the lew temperature pUMMI phase  iudicating that: more than one type of 

defect   participates  in the conduction process.     The higher temperature 

— ^  . -  -.     _ ..     , ..._.. ,. ,      _   .   _  . - - -       ^-"——"—^—^ —^—— 
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containing the bismuth salt in solution and the finely divided  tungstic acid 

in suspension.    This mixture v.as then calcined at 2 650oc to decompose the 

organic materials and bum off the excess carbon.    The final product was a 

homogeneous compound  prepared at substantially lower temperatures than those 

employed  in more conventional powder preparation. 

A systematic study was undertaken to determine the optimum calcining 

and sintering temperatures for this naterial.     It was found that the optimum 

calcining procedure was 1 hour at 67«OC and  for sintering,  1 hour in air at 

95(PC.    This resulted   in compacts of approxi^tely 9BX of theoretical density. 

It was found  that the sintering temperature  is just below a  pcritectic tem- 

perature and that sintering v.as accomplished  in the presence of a  substantial 

amount of liquid phase.    Additional research will be required  to determine 

whether I  longer sintering time at lower temperatures can achieve higher 

final densities.    The grain size after firing was approximately 20 ^m; grain 

growth apparently occurred  early  in the sintering process and was nearly 

independent  of time beyond one hour.     It was observed that the grain size 

was a  function of calcining  temperature, with I minimum grain size occurring 

at 675 C.     Studies are being eORtlmnd  to understand  this phenumenon. 

Since many electrolyte materials will be prepared by sintering,   it 

is important to g::fn ar   understanding of the various sintering mechanisms. 

There  is considerable interest in devising means of retarding surface area 

loss through sintering.     It bas been known for a  number of years  that  dis- 

persed  oxide particles cause a  ivduction   in the rate of sintering of metals. 

A model   fc, • sinterin-  retarded by a  surfaeo part iculate dispersed has been 

devised and   is being prepared   for publication.     It  is based  upon the assump- 

tions that  mm tnnsport  in many eMM occurs by surface diffusion,   that the 

surface particles pin the surface but are mobile, and  that the rate of motion 

Of the  particles   is  governed  by  the  interfacial  diffus inn of the  sintering 

MtWlcl     in the   interface between the dlspened  particle and  the material. 

The model   predicts that  particles which are more noarly wet by the material 

will  be more effective than non-wetted  particles  in rotrmling sintering. 

In addition,   for a  -Jven volim fraction of dispersoid  phc.se,   larger dis- 

porsoid  particle! in more effecl he for sintering retardation.     The most 

important factor for winterin;;  rdanlatio.,  is the magnitudo o" the  interfacial 

- 
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H. Maximization of Tlectret effect in Polvacrvlonitrile Films 

Faculty: 

S^   il.  Curr, Associate Hrofessor, Materials Science 

Gradiuto Students: 

R.  Comstock, Materials Science 

S.  Stupp, Materials Science 

The objectives of this research are twofold: 

1) over the loiifi term,  to develop fundamental infonnation on re- 

lationships between molecular organization in polymer solids and  those 

physical  properties which are related  to the permanent electrical polar- 

ization of these solids; and 

2) over the short term,  to characterise the origins of electrical 

polarization in polyacrylonitrile solids whose chains have been oriented to 

various amuunts by imiaxial strain,     bpecia". emphasis will be given to de- 

veloping an understanding of the WPC pea ••. scon in thermally stimulated 

discharge txptrlaentf because this peak  is associated with electncax polar- 

ization whi?h reforms spontaneously after being discharged; furthermure, 

this pouari'/.ation can bu reversed  by poling  in the opposite direct icai.     This 

polarisation 'Wwory11 and  "switching" behavior are hitherto undiscovered 

pi-opertios of polyacrylonitrile eloctrets and,  possibDy,  of polymer elec- 

trets  in general.    Unique electronic devices may conceivably be designed and 

cons true tod  to exploit this unu.-iial property. 

Folymer solid? pOMMSfng a  pemianent   "lectrica]   polarization  (elec- 

trets) c-irc currenri> being utilized in a variety of new devices including 

■ierophoneSi tenpexature eenaorsi pressure tranetincerai strain gauges, radi- 

ation do8ime.eri end optical eeeond^uimonic generators!   Tlie ferxoeleetrio 

propertiea of these solids can also be exploited  for devices utilizing elec- 

trical nemoxy« 

Tolyiierie  filns are exi-ollont mteriala from vhich to make electrets 

becauso they arc   Lnexpeneive and   possess conaidexable variation   in chemical 

composition,   physical Bnisotxopy,   thermal   staliility, chemical  inertness and 
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mechanical strength combined with flexibility.    This research seeks to 

establish relationships between those key properties of polymer electrets 

that make them so 'iseful for device applications and the basic physical or 

chemical microstructuros that control eloctret performance characteristics. 

Permanent electrical polarization in polymer solids has been studied 

at a Mater of laboratories on electrets of varying compositions and micro- 

structures and with various origins of electrical charge.    Results have 

shown that charged  species may be introduced   in surface layers by injection 

during corona discharge (in which case opposing surfaces may both have the 

same polarity) or during poling  (in winch   .ase a homocharge gives opposing 

surfaces opposite polarity).    Furthermore,   if the dipolar moieties within 

the solid  possess some nöL px^ferred orientation,  then the specimen will 

exhibit I corresponding permanpnt electrical polarization.    Space charges can 

also be asymmetrically distributed  to errate an additional contribution to not 

clectrical polarization.    Finally, adsorbed molecules can accumulate on the 

speci-on surfaces and create a charged zone.    Depending upon the relative 

magnitudes and  polaritlrs of the various charging effects, a sample will pos- 

sess I not- polarlwtlon that can vary in sign and  in magnitude from zero to 

a very large value. 

Relationships between microstructural  and molecular organizational 

effects  in polarized  polymers are only RON being  investigated.     Studies on 

polystyrene,   polyfncthyl methacrylate),   pulyCethylene terephthalate),   poly 

(vinyl alcohol),  poly(tOtrafllloro«fhyl«M),   poly(vi^ylid«M fluoride) etc. 

have ihown that orieiitatirn of polymer chains can eOltM changes  in the 

eloctret effect.     In some cases this orientafon  is accompanied by the for- 

mation of crystals,   in which case l.ho polarization HBgnltudM arc usually 

reduced:   in certain cases where crystal l.i nation does not occur,   the elec- 

trical polartaatloa   increases or decr^as* s In  small  motato, depending upon 

the polymer under study.     It lias been prupOMd  that  If polarization  is due 

to oriented dipolar moieties  in the chains,  then the maximum polarization 

will   be achieved by avoiding comlitions which   lead  to development of order 

between ehaina (e«g*, eryatalliaation)«   Alternatively,  if the polarization 

is a reatllt of charged species located within the polymer bulk, then the 

-- ■ -- —umkt ^mm mmMmm*i», — .. .  ......  , -  -- - - ^ , ^u ■ - ■ ■  ^ - - ■■- —■ --■ 
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interfaces bctveen crystalline and amorphous regions are desirable because 

they offor "stabilized'' sites  for the accunulation of such  ions.    How the 

derivatives of polarization with respect to temperature,  pressure and strain 

are affected by different molecular organizations has not been studied; how- 

ever, on the basis of work by Hroadhurst and co-workers, there may well be 

a direct connection between polarization derivative quantities and  the mechan- 

ical effects which result from the various microstructural states of these 

dipolar polymers,    finally, although the foregoing makes reference to many- 

unknown structure-property relationships of importance to new materials 

technologies based on olectrets,  there is also the question of precisely 

what is the distribution of charge asymmetry due to each of the possible con- 

tributions to electrical polarization. 

During the first year of this  project,   it was found that greater than 

a four-fold   incre.-ise in polarization could be achieved  in polyacrylonitrile— 

which ordinarily does not develop high  levels of polarization as a result 

of standard  polity treatments—if the material was strained beyond  its 

natural draw ratio prior to poling.    This  increase  is larger in polyacrylo- 

nitrile thin  in o1hcr n]cclrel-fov...^., iiti Buy result from the disruption of 

clustors of nilrile side groups  (possibly Mr per cluster) as the main chain 

backbonrv- btCOM uniaxially oriented.     Using themally stimulated discharge 

techniques  (T?I)), WC have line« isolated  (following suitable "cleaning" pro- 

cedures) two ma.ior peaks—the first with a r.axim'im located at about 90 JC 

(Tig.   1) and  the sncorid with I maximum located at about 180rC   (I'lg.   2).     If 

the naterlnl la stretditdi a slight deereaM is obsexvod in tha '-'CPC peav, 

while a   large   Incraaa« OCCUra  in the 180 C peak.     Independently applying the 

thcoric;. of Chan and  Of Cowell and V.'oods. an activation energy for each de- 

polarlsatlon proeaaa has baan dbtalnadi fHirthernorai It has boon shown that 

the contribution to polarlaatlon raproaentad by each paah la dua to a charge 

aaywnetxy unlfomly dlatrlbuted ac:-oss tha fll« thickness direction.    The 

W'C  peak correaponda rather well to the mechanically active transition known 

to exlet In polyaczylonltrllej thereforei wa conjecture that thla peak result? 

from ratidonlaatlon of nltrlla side group orlentatlona«   However, the I80oc 

has no counterpart tn the nechanlcal relaxation apeetron and la presumed, 

therefore, to origin.ite fro;.; separated charges of some unknown character. 

■■ ■ ■-   ■ - — '      --- 
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obtained  frcn, materials heated once to the same temperature (curve b) sug- 

gests that bulk-average  intermolecular organization has,   in fact, not 

changed as a result of the electrical polarization.    This observati^ is 

difficult to  interpret unless one assumes that domains of the type which 

exist in classical ferroelcvrics are also present in poLirized poly- 

acrylonitrile.     In view of the preceding  findings,  one must also conjecture 

that stretching,  which enhances the strength of the 180oc depolarization 

peak, either affects the origin of the space charge displacement mechanism 

or changes the domain structure of these clectret-s.    Measurements of x-ray 

scatterirg from stretched and from stretched then polarized polyacrylonitrile 

reveal only subtle (but possibly sigml icant) differences, as seen in Fig.   4. 

There,  the slioht doublet nature of the main scattering maximum diminishes 

in magnitude fur HJm stretched and then polarized.    The reasons for this 
are unclear but 

2 6    (DCG^LLS) 

Pifur« 4.     X-r.y dfffracl.. ^ter NtM from:     a)  Btntdl«! Hid annealed 
■M .)) Btrttehed and then polarized polyacrylonitrile. 

-     - ■! ■   II  ■!   I   II MM^HMftMH«« 
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mny bo related  to changes  in texturfzation or to actual changes  in inter- 

molecular organizations.    The former explanation woul/1 be correct if polari- 

zation domains existed, but the latter explanation would be more appropriate 

if extensive reorientation of dipoles wa3 the result of poling. 

Preliminary experiments on elrctricallj   polarized  PAN with the 

scanning electron microscopp (SIM) have revealed small-scale (~ 1 micron) 

contrast effects whose shape is similar tu thnt of magnetic polarization do- 

main itruetUTM.    Those detail! are apparently not associated with any sur- 

face topolofleal   features;  thus,  the  implication is  chat these contrast 

effects arise from the bulk phase interaction between the scanning electron- 

beam and  the local   polarisation state.     Two detail?   in the snnple prepara- 

tion are significant here,   i.e.,  the aaaplM wore uniaxially strotched  prior 

to poling,  and  tlioy contained an appreciable amount of sorbed  iodine.     Tliei-e 

are a nuabw ■ f poaalblc explanationa to tin's obaervation; for example, stretch 

lot would   force the dipolar side gVOOp to depart frooi participation  in rauJnuily 

configured clusters and  to adopt an arrangement minimizing both strain energy 

in diaina as well  aa energy duo to die existence of local electrostatic  fields. 

ConceivabXyi  tfie relatively electm*fc*4*nee iodine molecules simply enhance the 

■Bgnitude of niiy possible electron b^iM-specimon  interactiooa« 

c.    Heterogeneous Catalyaia 
t 
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This project  is a collaborative study of supported metallic cat- 

alysts.    Metallic catalysts of Group VIII such as platinum,  palladium and 

nickel .ire of major importance both scientifically and technologically.     A 

number of the most  important catalysts consist of tiny particles of metal 

supported upon a carrier such as silica or alumina.    The support leads to 

a greater metallic surface area per gXM of metal since crystallite sirc-ü 

on Ihe support can be  in the range of 15 - 150 %.    Furthermore,  the presence 

of the support permits  the catalyst to be used at temperatures up to 500JQ 

without rapid  sintering and  the subsequent loss of metallic area.     Although 

much is known about supported catalysts,  relatively little is known either 

descriptively or theoretically of the following: 

1) The maet nature of the crystallites,   i.e.,  size,  shape and 

nature of the attachment to the support; 

2) 11M effect of the support upon the detailed catalytic character- 

istics of the Metal; 
S) The effect of metallic partiele size and  shape upon the catalytic 

characteristics;  and 

4) The eff«et of the method of catalyst preparation upon the details 
rr   ■».. J. • • •   * •. 

It  is '.ho purpose of the preren" project to provide tam resolution 

of these problems since supported cati'lytts are essential  to the production 

of products   in  the  petrolru-u and  dicafeal   industries MOTÜI lens of billions 

of dollarr anrunlly;  ult i-itely,   thir affects all  aspects of governmental 

BOd  nnn-^nveni;;rnt.i I   activity«     IM pa rl icular,  IK terroneous catalysis  is 

do: eiy Involved In eoet nspeett of eneriy eoneunptioiii and improvements in 

holerveueous oetalysil offer prospect)   of substantial  reduction^   in the con- 

MMttlon of  fuel«     T'i.ard  theM en',-,   the project was  initially broken   into 

the following eegmente) 
1) Prepnration of ■tantafd batchM of catalysts for use of the cut i 

group.    These catalyst.- will  be prepared  faj   different methods, of varying 

pnrticli ilsea and on varloue iupports. 

2) Characterisation by varioui  physical  nethoda  including measurement 

of diaperaion (the ratio of aurftice atoM (if platinum to Hie total number 

of atom of platimn expreased in percent)i electron pavaaagnetic resonance- 

re 
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Since the value of the dispersion is a  particularly  important cri- 

terion  in characterizing catalysts,  two  industrial research  laboratories were 

persuaded  to determine dispersions of our catalysts using their techniques. 

The set of measurements carried out by the first industrial laboratory 

yielded almost the same ordering of dispersions as was obtained at North- 

western, but there were substantial discrepancies.    The second  set also 

produced discrepancies, but the two  industrial sets did not agree bevwoen 

themselves.    These discrepancies have forced  us to undertake an additional 

study of IJM ditjiersion measurements which was not originally planned.     The 

results  indicnte that tnice impurities  In the gases have very serious effects; 

our conclusion  is that the values of the dispersions given previously are 

nearly coircct although Binur changes may be made as the research progresses. 

These will not affect the overall  conclusions reached thus  far- 

There is evidence  in the literature that the frequency of the infrared 

absorption bands of carbon monoxide adsorbed on platinum are structure sensi- 

tive.    Data on the spectra of adsorbed  carbon monoxide for our catalysts  is 

thus potentially useful for overall correlations.    The Union Carbide Research 

Laboratory, which has expertise  in this area, has agreed to ptr#*»w« ^Mt 

experiments  lor this projpct.     Samples of our I't/SiOp  catalysts were,  there- 

fore,   recently rent to them. 

Following the completion Of tha studies on i't/Si02,   similar exper- 

iments are plannetl  for Pt/AlsO^ .     Again,  the catalysts will  be prepared by 

two methods.   In both sintered and  un.-. iutered form <;nd of tMO mesh sizes. 

Since ■'he pnpBration of these catalysts  is cxtremoly time consuming,  we are 

fortunate that au  industriril   laboratory skilled   in the art of catalyst manu- 

facture has Bgreed to mako them to onr specifications.     It   tfl anticipated 

that   this work will  soon be underway and  that preliminary exporiments on 

these catalvst>: will conrnence soon therearter. 

*-        ... - .... . —...,„.     ..        - - • - * - ■MaaMau^JBkMWMAa ■     '  - •    ■■ 


